ADVANCE

TVSS (Transient Voltage Surge Suppression) what is it and why all of a
sudden do we need it?

By Mick Burgoyne, Engineering Manager, 15" January 2001

In truth transient voltage surge suppression has been essential ever since the modern electricity
distribution system was put in place. For many years the effect of transient voltage surges was not
recognised even though equipment damage did occur in many cases. This is especially the case
over the last ten years, as mains powered electronic equipment has become much more
sophisticated and susceptible to transients. In addition, although the number of power outages is
lessening, transient surges have increased, as have the effects of harmonic distortion on the

supply.
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Up to 80% of transients are
generated from internal sources
such as inductive load switching and
normal equipment operations
causing:

Cumulative damage

Premature equipment failure
Data losses, system resets, and
down time.

Transients can be split into two types:

ADVANCE

At least 20% of transients are
generated from external sources
such as lightning and power
company grid switching.
Possibly causing:

Catastrophic equipment failure
Immediate operation shutdown
Long term disruption of business
Expensive equipment repair and
replacement costs

¢ Impulse, large voltage and current over a short duration i.e. lightning strike.
¢ Oscillating, lower value voltage and current but over much longer time period (up to 50
times that of lightning strike), e.g. photocopiers, SCR. controlled equipment, inductive load

switching.

Up to 80% of transient surges are generated within a company’s own site or close by. Two
examples serve to illustrate this statistic. Firstly, tests have shown that a twin four-foot fluorescent
light fitting can generate 24 x 1200volt transients when it is switched off. Secondly, just imagine a
high tech data storage company geographically close to and on the same power distribution
branch as Fred doing some arc welding in his garage. The potential repercussions are obvious,
resulting in equipment faults that can range from temporary glitches to the evaporation of

components, contacts and PCB track.

Transient surge can infiltrate your equipment by various routes:

¢ Direct Coupling: caused by lightning strike, or faults on power distribution cables.
¢ Inductive Coupling: caused by electromagnetic field generated when lightning hits tall

objects such as trees.

¢ Capacitive Coupling: caused by lightning strikes to building lightning conductors.
¢ Resistive Coupling: caused by ground strikes raising the ground voltage which, in turn,
causes large potential differences between earth points.

The most commonly discussed transient voltage surge is a lightning strike, although a lightning
strike often comprises up to 20 strikes. Both cloud to cloud and nearby ground strikes produce
electrical field voltages of hundreds to thousands of volts per metre.

A cloud-to-cloud flash can induce a surge of 7,000 volts per metre in power and/or telephone
cables and 70volts per metre a mile away. An incidence of two strikes per square mile per year

would seem to be an average figure.

As a result of lightning activity, a power surge of between 10-20,000 volts could reach your
building. However the maximum normally considered is 6000V, with currents up to 3,000A
appearing at your building main power distribution board.

The impedance of the cabling installed on site limits the amount of current that reaches your
equipment. The main low impedance bus bar could carry the full 3000A, but the 30A twin & earth
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feeding a spur presents a much higher impedance that will limit the current to around 200A for the
same transient. Inevitably, insulation breakdown in cabling, mcbs etc. will limit the level of transient
surge voltage within the building wiring.
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The effect of a transient surge on a circuit is not only dependent on size but also where it hits on
the AC cycle. A 200V transient appearing on the sine wave at zero crossover will have little effect
but the same transient appearing on the peak of the sine wave will add 200V to the peak value of
the sine wave value. In this example, the load will be subjected to a voltage of 525Vac. And
remember, transient surges can be positive or negative going.

Calculating the actual effect of a transient over voltage can be done by looking at the way a
capacitor or inductor responds to it. In a capacitor any rapid change across the capacitor will
produce a large current, which is dependent on the size of capacitor and rate of voltage change. Its
effect can be expressed by the following formula.

| =C dv/dt

A rapid change in current in an inductor will cause a large transient voltage to be generated, which
can be calculated using the following formula.

-V =L di/dt
The shape of a transient surge is normally expressed by two numbers:

¢ Impulse: the first being the rise time and the second being the duration i.e. 8 x 20
microseconds.

¢ Oscillatory: the first being the rise time the second being the frequency .5/100
microseconds/kHz.

In the real world you r equipment, and therefore any TVSS devices, will see far more longer
duration transient surges than the short ones caused by lightning. But, of course, we must test for
both.
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Laboratory Test Waveforms per IEEE C62.41-1991
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For short duration testing we would apply up to a 6kV, 1.2/50 voltage wave form into an open

circuit with the TVSS device across it. Here, the voltage reaches 90% of its peak in 1.2[]s and then
decays to 50% of its value in 50[7s.

A 3KA current waveform that reaches peak current after 8 microseconds and decays to 50% of that
value in 200Js is applied to a short circuit with TVSS attached.

Laboratory Test Waveforms per IEEE C62.41-1991
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*Poalk voltaga of the A.C. Power System

For long duration testing, the waveform will have a peak value of 2kV with a rise time of 10(Js and

a duration 1000(s. The current waveform has a peak of 2.5kA with the same rise and duration
times (10/10000s)

In essence, a TVSS device is a component that limits the amount of energy from a transient and,
as a result, protects your equipment from damage.
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