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Lightning: Some of the Physics and Effects
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Lightning has been the subject of research for decades. The data from this research is available for all to use. A number of
institutions have spent many years trying to understand this phenomena. Some of them include, the University of Florida
(Gainesville), University of Queensland (Australia), the Soviet Union, and the Electric Power Research Institute. The following
information is the result of their research and technical papers.
There are four types/categories of lightning that directly affect objects on the earth’s surface: 1. Negative; Cloud to Ground, 2.
Positive; Cloud to Ground, 3. Negative; Ground to Cloud, and 4. Positive; Ground to Cloud.
The first lightning type (Negative; Cloud to Ground) for example, is a strike from a negative cloud, down to the positively
charged earth (ground). The other three types may be interpreted similarly.
Formation of a Lightning Stroke

In addition to these four types, there is also inter-cloud (Cloud to Cloud) lightning which has an indirect effect on ground and
systems on the ground. The cloud to cloud lightning discharges are coupled statically and magnetically into both the power
and ground systems.
Accumulated data and research have established that lightning flashes have many unique and distinctive characteristics:
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Lightning voltages are usually greater than 20kV, and can be millions of volts.
Researchers and observers have determined that when viewed from a distance,
lightning usually has a question make shape (?).
Most lightning occurrences contain multiple strokes.
Twenty percent (20%) of these occurrences are only one stroke. Eighty percent
(80%) are two or more strokes. The mean stroke occurrence is five to six and the
maximum has been measured at twenty-five.
The time between strokes can vary from 100 microseconds to 10 milliseconds
during any stroke occurrence.
The current of a stroke leader will usually range from 30 to 35 kA. A stroke leader is
a stream of electrons which appears as a dim spark emerging from a cloud to the
ground during the early stages of lightning development.
One third of the second strokes which occur during multiple stroke occurances are
larger in magnitude than the initial stroke.
The maximum stroke intensities (positive and negative) measured were +300kA
and -200kA. These however, will occur less that one percent (1%) of the time.
The effects of a lightning stroke can be measured and the effects felt, 1.2 to 12.5
miles from the stroke site. This may be due to lightning currents flowing through
the ground. In addition during multiple flashes, the location of the terminating
strokes have been observed to vary and may be spaced apart from 0.2 to 4.5 miles.
These data are based on actual measurements.

Whatís the Question?
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These are long duration current strokes which may last from 10 to 500 ms (30 cycles of 60 Hz lines powers). The
amplitude of this long duration stroke may range from 10 to 100 amperes and can flow through the power system. This
may help to explain why service entrance suppressors sometimes fail during thunderstorms. The long conduction period
and the resulting thermal effects can be the consequence of a lightning storm. Since suppressors are transient devices,
the long duration currents may exceed the duty cycle of the device if the device rating is not high enough.

Extensive research has been conducted by the University of Queensland in Australia on the failure mode of suppressor devices
during multiple strokes. They have created a multi-pulse (6 stroke) generator that is capable of providing a time interval of
between 20 to 130 ms per pulse. This is to simulate the effects of multi-stroke lightning events which may destroy a surge
protective device.
This multi-pulse generator uses a series of capacitors that are connected to the pulse forming network by a bar switch which
is connected to a pendulum. As the pendulum swings through the charged capacitors, it discharges the capacitors into a
pulse-forming network. The time interval between switch contacts is a function of the period of the pendulum. It has been
found that fairly short time intervals between pulses will have a severe effect on the performance of surge protective devices
and also may cause nuisance fuse operations.
The result of multi-pulse generator testing on surge protective devices has shown that the edge of the zinc oxide metallized
area on any MOV is the most critical region when subjected to this kind of pulsing. It was also found that in some cases the
temperature can rise to between 800o and 1000o C in isolated “hot spots” in the MOV volume, resulting in failures from
punctures of the zinc oxide material. Also, plasma accumulates on the edge of the metallized area and causes additional
breakdown regions. The Australian team concluded from their research that the actual rating of an MOV device can be as
much as 100 to 150% of the nominal rating for a single pulse; and 60 to 75% of the rating for multiple pulses, if the device is
not energized; but may be between 30 to 40% of the rating for multiple pulses if the device is energized.
Summary:
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Lightning induced currents have voltages greater than 20kV
Stroke Occurrences
A. 20% are one stroke
B. 80% are 2 - 25 strokes, the average is 5-6 strokes
Stroke Intensity
A. Average single stroke current = 35kA; Maximum = 300kA
B. Multiple from 14 to 40 kA with total time 1/2 to 1 second
C. Long duration from 10 to 100 amp for up to 1/2 second
Surge Protection Device Ratings
A. Single stroke: 100 - 150% of rating
B. Multiple stroke: 60 - 75% of rating
C. Multiple stroke: 30 - 40% of rating; if energized
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