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(54) Testing electrical systems

(57) A wide-band frequency source 2, optionally subject to frequency and amplitude modulation 3-5, is coupled 8 to a cable
9 of a system 10 to allow measurement of the immunity of said system to electromagnetic interference. Accuracy may be
improved by the addition of a current measuring arrangement 77, 12. The two coupling devices 8, 11 may be split and
assembled into hinged frames, each coupling being in the form of a ferrite core transformer.
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ELECTROMAGNETIC COMPATIBILITY TESTING

This invention relates to methods and devices for the
testing of a variety of electrical and electronic apparatus
to ensure compatibility with the electromagnetic environment.

In order to determine if apparatus will malfunction as a
result of electromagnetic energy unintentionally received
f:om fields in the environment - for example, coupled by tne
cables associated with such apparatus acting a&as receiving

aerials - it 1is well known to test said apparatus by
exposure to a kKknown energy environment. This has been
accomplished hitherto either by establishing an

electromagnetic field around the apparatus, or by injecting
electrical energy directly into the cables by means of a
resistive coupling and matching unit. The apparatus is said
to be immune to a particular level of energy provided tnat
malfunction does not result from its application. Exanples
of such methods are to be found 1in British Standard SU5 and
in Defence Standard 59-41. To achieve accurate and
repeatable measurements such test methods and apparatus have
been complex and bulky, and it has been necessary to use them
in a well-defined spatial environment. Eneryy has been
supplied in turn at every frequency likely to be encountered
in the working environment, typically requiring tests over
the wide range from 100KHz to 100uMiz. At each frequency
exposure has been for a time sufficient for the system under
test to pass through any stage of its operation aguring whichn
it is particularly susceptible. Consequently, 1t has taken a
long time to perform a test over the necessary frequency
range.

According to the present invention there 1s provided
apparatus adapted to determine the electromagnetic
compatibility of a system, said apparatus including firstly a
source of electromagnetic energy adapted so that saia energy
is widely distributed in the domains of Dboth time and
frequency, and secondly near-field maynetic coupling means
adapted to inject said energy &as a flow of common-mode
current 1in a cable of said system. The magnitude of said
current may be chosen to approximate to that likely to result
from exposure to the working environment, which may vary ftrom
ImA to 10mA in a benign environment, and from 1l00mA to 1l ampg
in industrial situations and 1locations near to high-power
radio transmitters.

An embodiment of the invention will now be described by
way of example with reference to the accompanying drawing, in
which :-

Figure 1 shows the embodiment in schematic form;

Figure 2 shows the coupling and measuring devices
in detailed perspective form;

Figure 3 shows the embodiment in perspective form;
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Referring to Figure 1, it will be seen that a digital
clock oscillator 1 of frequency £ drives a pseudo-random

sequence 4generator 2 constructed from shift register and
exclusive-or devices according to the teaching of S.Golomb 1in

his book "Snhift Register Sequences" published by Holden-Day
in 1907. 1f this sequence generator has n stayges, then the
resulting output Wavetorm will have spectral components at

intervals of £/(< n_1) across a theoretically-intinite
frequency range. For example if f£=5UMHz and n=10, saiad
components are spaced at 48.828 KHz intervals. Harmonic

generation by the rectangular waveforms of the digital logic
circuits used will extend the frequency range upwards to an
extent determined by the state transition times of the
devices used. This freguency may be of the order of 300MH2
for fast schottky devices. To spread the energy more
uniformly within this frequency range, to reduce the number
of stages in the sequence generator, or to excite particular
modes of susceptibility in the system under test, an
audio-frequency oscillator may optionally be connected by the
switch 4 so as to frequency-modulate the clock oscillator 1,
for example by applying a sawtooth waveform to a
variaole-capacitance diode that might form part of the
frequency-determining circuit therein.

Furthermore, the output of the seguence generator may
optionally be amplitude modulatea, so as to excite partlcular
modes of susceptibility or reduce the mean power consumed and
radiatea by the source apparatus. For example, the
oscillator 3 may employ a type LM555 integrated circuit
manufactured by Wational Semiconductor Corporation providing
both sawtooth and squarewave outputs, and the sguarewave
output may be connected via the switch 3 to the complementea
logic reset input of the shitt register within the sequence
generator 2 so as to interrupt the sequence at an

audio-freguency. .
As an alteLnaclve to the above-describea generating

means, a noise gyenerator comprising, for example, a
reverse-biased semiconductor diode and preamplifier may be
used, either alone or 1in combination with heterodyne

frequency conversion means.

The amplifier 6 may comprise a push-pull parallel
arrangement of bus driver circuits driven from the true and
complement outputs of the sequence generator. The necessary
circuits are available in, for example, the 1integrated
circuit 74F240 manufactured by Fairchild. High-speed digital
circuits are preferred to maximise the harmonic content of
the output and so maximise the - energy distribution in the
frequency domain. The total output power may be adjustea by
an attenuator or, as in this emboaiment, by reducing the
supply voltage by means of a potentiometer 7. The near-field
magnetic coupling means comprise a transformer 8, whose
primary is connected to the amplifier §, whose secondary is a
cable 9 associated with the system 10 that is to pe tested,
and whose core consists of a number of ferrite "uU" cores. 1t
is to be understood that the number of turns -on each winding
is dependent on the output impedance of the amplifier & and
upon the common-mode impedance of the cable J.

It will be evident that the current inauced 1in the cable
Y, which is a measure of the immunity level to which the
System is beiny tested, depends not oniy on the voltage

output of the amplifier 6 and its output impedance but also
on the common-mode impedance of the cable 9. Therefore, a
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second transformer 11 is provided which acts as a current
transformer with burden impedance llc, allowing the indicator
12 to display the current actually induced in the cable §.
The operator may then adjust the power level by means of the
potentiometer 7 until the desired current is indicated by 1Z2.
It is within the scope of this invention to proviae feedback
means to automatically set the power level of amplifier 6 to
the desired current value. It should be notea that the
current measuring circuit may be wused independently of the
energy generating circuit if the potentiometer 7 1s set to
minimum.

The direct-current power source 13 may include a mains
transformer and rectifier, but it preferably embodies a
battery to enhance portability and avoid possible disturbance
of the 1local electromagnetic field by a mains supply cable.
The power switch 14 may be coupled to the hinge mechanism to
be described with reference to figure 3 so as to ensure that
battery power is only consumed whilst the test apparatus is
held around a cable of the system under test. Such
battery-powered apparatus may include charging means ana
state-of-charge indication in the usual way.

, In the aetaiied perspective view of figure Z, the cable
(g of figure 1) and the system wunder test (10 of figure 1)
have bpeen omitted for clarity. It 1is to be understood that
said cable passes through the centre of the cores between

windings 8a and 8b. Transformers 8 and 1l may be seen to
include two core assemblies spaced apart to minimise direct
magnetic coupling. Each is made from 'U' ferrite pieces

type 34-018-36 made by Neosid Ltd.. Transformer § employs
four pairs of cores and its primary winding 8a and Bb
consists of two copper strips wired in parallel and disposed
on either side of the slot to minimise the assymettry of the
field. In addition to maynetic «coupling this construction
will provide capacitative coupling at high frequencies. When
the dimensions of said primary windings are comparable with
the wavelength a directional travelling wave will be inaucec
into the «cable. The secondary winding of transformer ll is
similarly divided into sections 1lla and lib bput these each
consist of 6 turns and are wired in series to provide the

desired impedance.

In figure 3 may be seen a perspective view of the
assembly numbered as above where appropriate. The upper and
lower halves of the transformers 8 and ll are assembled into
upper and lower poxes 15 and 16 (thougn only the lower halt
of 8 is visible in this view). These boxes are hinged at 18§
and when at rest are held apart by an internal spring. 1In
use, the cable to be energised is introduced into the slot 17
and the boxes brought together around it. The slot may be so
dimensioned that the cable may be looped and two or more
turns introduced. When the core halves are in contact: the
test may be performed. The switch 14 described with
reference to figure 1 may be actuated by this movement. The
controls 4, 5, 7, and 12 are mounted on the end of ¢the
instrument convenient to the operator. In this embodiment
the indicator 12 comprises a light-emitting diode bar array
controllea by an integrated circuit type LM3915 manufactured
by the National Semiconductor Corporation. This gives an

indication of the current level in 3dB steps.
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1. Apparatus adapted to determine the electromagnetic
compatibility of a system, said apparatus including firstly a
source of electromagnetic energy adapted so that saia energy
is widely distributed in the domains of both time and
frequency, and seconaly near-field magnetic coupling means
adapted to inject said energy as a flow of common-mode
current in a cable of said system. :

2. Apparatus according to claim 1 in which said energy
is distributed across part or all of said frequency domain by
a random noise generator.

3. Apparatus according to claim 1 in which said energy
is provided by a primary frequency source whose freguency is
‘modulated by a secondary trequency source so as to distribute
said energy across part or all of said domain.

4. Apparatus according to claims 1, 2 or 3 in which
the frequency domain of said energy is extended by harmonic
generating means.

5. Apparatus according to claims 1, 2 or 3 in which
the freguency domain of said energy is extended by
pseudo-random sequence generating means.

6. Apparatus according to claims 1, 3, 4, or 5 in
which said energy is amplitude-modulated by an audible
frequency.

: 7. Apparatus according to «claim 1 in which said
near-field magnetic coupling means includes a transformer
with a core of ferrite material.

8. Apparatus according to «claim 1 in which said
near-field magnetic coupling means 1is constructed in two
portions so as to allow easy installation around said cables.

9. Apparatus according to claims 1, 7, or 8 in which
the primary circuit of said magnetic coupling means is
extended parallel to the axis of said cable so as to provide
additional capacitative coupling to said cables.

10. Apparatus according to claims 1, 7, & or Y in
which a second magnetic coupling means and electrical
measuring device cooperates with said cable so to as to
enatrle measurement of the current induced therein.

i1, Apparatus according to claim 10 in which automatic
feedback means are used to adjust the amount of said energy
SO as to provide a desired magnitude of said current.

12. Apparatus according to any precedinyg claim that is
powered by a battery built-in to said apparatus.

13. Apparatus substantially as described herein with
reference to figures 1, 2 or 3 of the accompanying drawing.
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