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Figure 1. EMI Spectrum



frequency content and this is important because it provides an excel-
lent basis for discrimination between unwanted EMI and desired input

signals by using filtering techniques. Low pass filters are used for
this purpose and are called surge or EMI filters.

The transients in a station caused by A-C H.V. switching phenomena
are well documented now by numerous papers. ANSI C37.90a includes a
bibliography on the subject. This paper is addressed to the other two
sources of interference.

Generation of Transients in
Low Voltage Control Circuits

The switching of inductive devices such as auxiliary relays or
solenoids in both a-c and d-c low voltage circuits has long been known
to generate rather high voltages [3, 4, 5]. When the circuit to the
device is opened by a switch a very high voltage transient, which may
be oscillatory, appears across the coil and the associated wiring. The
nature of this transient depends on:

(a) The inductance of the coil
(b) The current interrupted

(c) The stray capacitance due to wiring, etc.
across the coil

(d) The resistance of the coil and losses in
its magnetic core

(e) The dielectric breakdown/time characteristics
of the switching contact

If the switch could be perfect, i.e. has infinite voltage with-
stand capability in zero time, the transient would be confined to the
coil and its wiring. The oscillating frequency is usually low, about
1000 hertz, but it will have an extremely high crest voltage. In the
limit this voltage could approach

V max = -IdC L coil

C stray

For L.gjl = 50 henrys, Cgtray = 500 picofarads, Ig. = .06 amperes, a
value of V max - 18.9 kilovolts is obtained.

The switch is not perfect, however, and at very small contact
opening during the initial operation it breaks down and clears re-
peatedly. This restriking of the switch contacts causes quite severe
transients to be generated and conducted to the control bus. This



happens during the time the contacts are sparking. The current flowing
to the coil from the control bus is repeatedly extinguished and re-
established by the contact interruption and subsequent restriking when
the oscillation exceeds the breakdown voltage for the instantaneous
contact spacing. When this occurs, the coil and wiring stray capa-
citance, now charged to a high potential, is suddenly and quickly dis-
charged into the control bus as a very intense but short duration surge
which then propagates along the bus.

As the contacts move farther apart, the breakdown voltage increases
until the final and highest voltage discharge takes place followed by
a voltage oscillation across the coil which then decays to zero. In
some cases, where there is much damping, a subsequent oscillation will
not occur and the voltage across the coil decays exponentially to zero.

Figure 2 shows a diagram of a laboratory experiment for studying
fast transients. An HGA125 auxiliary relay has about 500 picofarads
of capacitance, typical of switchboard wiring, connected in parallel
with its coil to simulate the stray wiring capacitance. The coil cur-
‘rent, 0.062 amperes, was interrupted by a single switch. Two methods
for coupling the high voltage transient signals to the oscilloscope
are shown. The voltage across the relay coil was sensed by a standard
1000/1 high impedance divider probe. This probe did not prove suitable
for sensing the fast transients across the control bus. Errors resulted
from transient currents in the ground return. A high frequency current
transformer and an RC network were used to sense the fast transients.
The isolation provided by the current transformer eliminated the of-
fending ground currents.

Results from this experiment are shown in the oscillograms of
Figures 3, 4 and 5. In some cases where the current is higher an
arc will be established between the contacts which does not extinguish
and the restriking is restricted to the starting and final clearing
regions. Thus, there are always a few severe transients generated.

Figure 3 shows the voltage across the coil which illustrates, at
a slow sweep speed, the mechanism of voltage build-up and breakdown
generating the fast transient. Figure 4 shows, at the same slow speed,
the train of fast transient spikes appearing across the control bus.
Figure 5 shows, at a very fast sweep speed, the detail waveform of a
single fast transient. It is important to remember that there are
very many of these spikes generated and impressed on the control bus,
one for each restrike of the contacts as shown in Figure 3. The spike
shown in Figure 5 is not necessarily the highest value. It was the
first spike to exceed the scope trigger level.

The conducted EMI traveling along the control bus can be damaging
to semiconductor devices connected to the bus. This is due to the ex-
tremely high instantaneous power that can be delivered. A 5 KV fast
transient on a bus with a surge impedance of 200 ohms can deliver about
20 kilowatts instantaneous power into a device such as a zener diode
or an avalanche diode that supports a 1000 volt drop in the avalanche



