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1. THE MYTHOLOGY IN LIGHTNINGS

1.1 FIRE FROM HEAVEN

Priests and philosophers of ancient cultures observed Heaven and interpreted lightning as fire from Heaven.  Proceeding on the assumption that it is fire, this symbolism belongs to the most ancient pictorial presentations of lightning.  The fiery lightning path is stylized as a zig-zag trace or waved lightning bundle.  Picture 1 shows the oldest known presentation of lightning on a roll-seal from ancient Babylonian times, circa 2200 B.C.

The relief shown in Picture 2 was decorating the door of a castle in Northern Syria about 900 B.C. It shows the weather god Teschup holding a forked lightning emblem in his left hand.

About 700 B.C., Greek artists used the lightning symbols of the Anterior Orient in depicting the lightning throwing Zeus.

Picture 3, an Attic drinking bowl, circa 480 B.C., shows a terrific battle of the Olympians against a wild race of Titans.  Zeus, not yet in the battle, is just mounting his chariot drawn by four horses in the heavenly hall, the flaming lightning bundle already in his hand, in order to bring about a decision.

Picture 4 gives an excellent impression of lightning as fire from heaven.  It is the artistic interpretation of the Bible verse: "There came a fire from God and burned them, so that they died before God".

The Chinese mythology impersonates lightning by the goddess Tien Mu, wrapped in gorgeous colors. (Picture 5).  She is holding her two mirrors in order to send out well-aimed lightning.  Tien Mu is one of the five most important dignitaries of a thunderstorm ministry, governed by Lei Tsu, the thunder ancestor (Picture 6).  His attach6 is Lei Kung, the Drumming Thunder Count, shown in Picture 7.

1.2
LIGHTNING STROKE

Ancient approaches connect the lightning stroke with a stone falling from Heaven, or a down-thrown stone ax.  Its shattering force, which reveals itself in nature by splitting trees, blasting rock of killing creatures, is compared with the effects of an eolithic tool.  In mythological presentations, the thunderbolt belongs to the most powerful weapons a god can have.  As shown in Picture 8, the Greek mythology looks upon Zeus as the god with the thunderbolt throwing power.

In the Buddhist mysteries of later centuries, the thunderbolt is shown as an emblem of divine power and omniscience.

The Tibetan Buddha Vajrasattva (Picture 9), holds in his right hand the forked Vajra and is a god of highest intelligence.

The Japanese Buddhism has the Doko emblem, serving the priest to fight demons.  The three-forked type is called San-Ko and the five-forked emblem is Go-Ko, carried by many armed demon Aizen Myoo (Picture 10).

Magical powers have always been ascribed to the thunderstone.  For example, the Precious Stones Booklet of Thomas Nicols, in 1675, reads: "It is said, that this stone protects the houses of those who carry it, from thunder and that it will bring peace and rest and that it helps to conquer the enemy and gives victory in war".  This mysticism has been preserved in a manifold of popular superstition up to present times.  Picture 8 shows a thunderbolt, used in Germany up to 1920.  An old custom of French farmers was to carry a lightning repellent "Pierre de tonnerre" in their pocket during thunderstorms and to say the words: "Pierre, pierre, garde-moi de la tonnerre".

2. LIGHTNING DAMAGES

The history books of all countries report about tremendous losses due to lightning.  Two examples may be sufficient /2/:

At the age of Heinrich des L6wen, the founder of the city of Munich, the whole Episcopal town of Freising was laid in ashes by one single lightning stroke in 1159.

Mr. Stieff from Breslau wrote in 1749 that lightning strokes caused unusual losses in buildings storing gunpowder.  Such events also happened in Milan in 1521, in Mechelen in 1564 and in Avignon in 1640.  More than 1000 houses were destroyed in Breslau in 1749 and more than 7000 people were killed or injured.

3. LIGHTNING ELECTRICITY

Until the beginning of modern. times, conceptions of lightning were mythologically tinged and the phenomenon was interpreted as fire from Heaven, as described above.

Probably the first person who recognized the analogy between an electrostatic discharge in the laboratory and lightning discharges was Guericke, a physicist and engineer, who experimented with frictional electricity and whose "sulphur machine", built in 1670, was the first electrostatic generator /3/.

In 1698, the Englishman Wall postulated that if one were to rub a large enough piece of amber, the result ought to be thunder and lightning as in a thunderstorm.

In 1746, Winkler, a professor of physics in Leipzig, published his view that thunderstorms were caused by electrical discharges from clouds to earth in the form of lightning.

4. THE FIRST LIGHTNING PROTECTORS

The idea that lightning might be an electrical phenomenon induced the statesman, writer and scientist Benjamin Franklin (picture 1 1), and who is regarded by many as the founder of the technology of lightning protection, in 1751 to make the pioneering suggestion of intercepting the lightning strokes with a rod, conveying the lightning current by metal down conductors on the outside of buildings and discharging the lightning current to earth.

The Frenchman Dalibard was the first to demonstrate the electrical nature of thunderstorms experimentally, when, in 1752, he had a 12 meters (40 ft.) high iron rod isolated from earth with wine bottles and silk cords erected on a hill near Paris (picture 12).  When a thunderstorm passed over on May 12, his assistant Coiffier was able to draw sparks up to 4 cm (1.6 in.) long from the foot of the iron rod; these sparks were of the same kind as had been produced in electrostatic discharges in experimental cabinets.

A year later, when Richmann, a pr6fessor of physics in Saint Petersburg (now Leningrad) tried to repeat Dalibard's experiment, he was killed by a flash of lightning which struck the iron rod (picture 13).

The time was now ripe for the installation of the first lightning protection systems.  In 1754, a priest called Divisch put up a lightning conductor at the Brendlitz Monastery in Moravia; it conformed to Franklin's proposal, having tall metal intercepting rods and metal down conductors extending into groundwater.

It was not until 1760 that Franklin built the first lightning protection system in America, in Philadelphia, Pennsylvania.

Following favourable experience with the novel lightning protectors, news of which quickly spread, recommendations for their correct installation began to be published; for example in the book "Verhaltens-Regeln bei nahen Donnerwettern" ("What to do when a thunderstorm is near"), published in 1778 by the experimental physicist Lichtenberg (picture 14).

Franklin's idea found universal interest, and even the Paris'Haute Couture created a so-called "Chapeau-paratonnerre des dames" (picture 15).

At that time, there was also the funny "Parapluie-paratonnerre" (picture 16), which Jean Paul writes about.  "With this paratonnerre in hand, I am going to stay for weeks under the blue sky without any danger".

In Germany, the first codified directions for the installation of lightning protectors, entitled "Die Blitzgefahr" ("The danger of lightning"), was published in 1886 by a subcommittee of the Electrotechnical Society in Berlin, set up a year earlier.  This subcommittee was the precursor of the present-day "Lightning Protection and Lightning Research Committee (ABB) of the VDE" (German Society of Electrical Engineers), members of which at that time were'. the father of electrical power engineering, Werner von Siemens, the Berlin physics professors von Helmholtz and Kirchhoff, as well as the telegraph engineer, Toepler.

At that time, two fundamentally different types of lightning protection systems for buildings were in competition with each other: the Gay-Lussac's lightning conductor, which consisted of one or more intercepting rods made as high as possible, with one or a small number of down conductors extending into the groundwater, and the Melsen's lightning conductor, in which a network of metal with short intercepting rods and multiple ear-thing conductors was placed around and close to the buildings.  A very farsighted stipulation of Melsen was that the water and gas pipes should be connected to the lightning conductor.

Melsen's principle of potential equalization for the purpose of lightning protection, i.e. the connection of all metal pipes and cables entering a building and all large metal parts in the buildings to the lightning protection system is now considered indispensable and has gained acceptance throughout the world.

5. LIGHTNING RESEARCH

5.1 THE METEOROLOGY OF THUNDERSTORMS

Thunderstorms can only form when warm air masses with sufficiently high moisture content, are transported upwards.  This may occur in three ways:

-
In heat thunderstorms, the ground is heated locally by intense solar radiation.  The air layers close to the ground are thereby heated, become relatively lighter and ascend.

-
In frontal thunderstorms, the arrival of a cold front pushes cool air underneath warm air, forcing the latter upwards.

-
In orographic thunderstorms, warm air close to the ground is lifted by passing over the rising terrain.

The vertical lift of air masses is intensified by two factors:

-
The rising air cools, eventually reaching the saturation temperature of water vapour: water droplets and hence clouds form.  Condensation releases heat, which warms the air again, makes it Iighter and allows it to rise further.

-
The water droplets begin to freeze as the freezing point is reached.  The process of freezing again results in the evolution of heat, once more warming the air and causing it to rise.

Columnar ascending currents of air form with vertical velocities of up to 100 kilometers (62 mi.) per hour, giving rise to massively towering, anvil-shaped cumulonimbus clouds typically 5 to 12 kilometers (3.1 to 6.2 mi.) high and 10 kilometers (6.2 mi.) in diameter (picture 17).

Various electrostatic charge separation processes /4/, e.g. friction and dispersion - cause the water droplets and particles of ice in the cloud to become charged.  The positively charged particles are generally "lighter" than the negatively charged ones, i.e. their surface of attack forthe upwind is relatively large while their weight is relatively low.  The vertical air flow can therefore bring about large scale charge separation: positively charged particles accumulate at the top of the storm cloud while negatively charged particles accumulate at the bottom.

At the foot of the cloud there is a further small positive charge center, probably due to the positive corona given off by the tops of the ground foliage and trees below the storm cloud as a result of the high electrical ground field, and transported upwards by the wind.

In electrophysical terms, a thunderstorm is a gigantic electrostatic "Van de Graaff generator" with waterdroplets and ice particles as charge carriers, the ascending current of air as the charge transporting agent and the sun as the supplier of energy, its radiation heating the air layers close to the ground and providing moisture by evaporation of water.

Meteorologists have traditionally measured the frequency of thunderstorms by the number of thunderstorm days per year, known as the isoceraunic level; thunder must be heard at least three times in order for a day to qualify as a thunderstorm day (picture 18).

5.2 LIGHTNING DISCHARGES

The following description is confined to cloud-to-ground discharges, which are relevant to the technology of lightning protection /5/.

The positive and negative charges accumulated in the thunderstorm cloud give rise to high electrical field strengths on a large scale

- 
in the cloud

- 
between the cloud and the earth

and

- 
on the surface of the earth.

However, as a result of local chance of charge concentrations in the cloud, the field strengths in a relatively small area may become so high (up to over one million volts per meter) that an electrostatic spark discharge occurs becoming independent owing to the huge scale of the existing field and ultimately propagating as a discharge several kilometers long, following often bizarrely shaped, arbitrary paths to earth.  These discharges are known as stepped leaders; they originate most frequently in the negative charge center of a storm cloud, but sometimes also from the lower positive center; very rarely, and usually towards the end of the storm, they may also come from an upper positive center.

The most common type of discharge, namely that from a negative charge center, takes the form of a negative cloud-to-ground flash (picture 19).  This will be discussed in detail in the following.

The stepped leader issuing from the negatively charged center, has a core consisting of a highly ionized spark channel about 1 cm (0.4 in.) in diameter and raised to a temperature of several thousand degrees Celsius, surrounded by an invisible cylindrical envelope with a diameter of some 10 to 100 meters (33 to 330 ft.) filled with negative charge from the cloud (picture 20).

The leader propagates in steps of about 50 meters (165 ft.) with a 50-microsecond pause between each step.  The average rate of propagation is of the order of one thousandth of the speed of light.

When the stepped leader has advanced to within 10 to 100 meters (33 to 330 ft.) of the earth, the strength of the electrical field, for example in nearby treetops or rooftops, increase to such an extent that a return stroke, similar to the stepped leader and some 10 to 100 meters (33 to 330 ft.) in length, is triggered, advancing towards the leader and eventually meeting its front.  The strike point of the lightning flash is thereby determined and the leader is "earthed".

There now follows the actual, brilliant flash of the lightning discharge; the charge stored in the cylindrical envelope of the leader escapes to earth through the object that has been struck.  In the process, the stepped leader channel is heated to a temperature of some 10 thousand degrees Celsius and its pressure rises to over 100 times normal atmospheric pressure.  This discharge, the so-called main stroke produces a dangerous, high, short-term transient current of about 10 thousand amperes lasting for approximately 100 microseconds (picture 21).

Thunder is caused by an explosion of the lightning channel due to its excess pressure.

So-called multiple discharges are a particular feature of negative cloud-to-ground lightning flashes.  Multiple discharges occur when, after a pause of between 10 and 100 miIIiseconds, a new leader passes f rom the storm cloud to earth down the still ionized channel of the first discharge.  Since this leader finds a pre-existing pathway for its passage, it propagates without steps and at a much higher speed, amounting to a few percent of the speed of light.  The subsequent main stroke gives rise to a further impulse current through the struck object.  Up to about 10 consecutive partial discharges of this kind have been recorded, and the total duration of the lightning discharge may exceed 1 secound.

In some multiple discharges, one of the strokes may be followed bya longduration current (picture 22), in which a current of the order of 100 amperesflows for a few tenths of a second; it is thiscurrentthat is often responsible for setting buildings on fire.

Picture 23 shows, that in contrast to the "downward flashes" described above, in which the stepped leader propagates from the storm cloud to earth, "upward flashes" may originate from very tall features, such as church towers and television masts, or mountain peaks.  In this case, the field strength that triggers the initial spark discharge is attained not in the cloud, but as a result of the extreme distortion of the field, in the tip of the exposed object, and a leader with its chargeenvelope extends from here to the cloud.  Current of the order of 100 amperes (A) then flows from the object for a few tenths of a second.  A down flash as described above may follow an upflash of this kind when the lightning channel has become established.

5.3
LIGHTNING CURRENT PARAMETERS

Lightning currents are "impressed" currents, i.e. they are virtually unaffected by the objects struck.

The variation of the current during a lightning discharge differs greatly from case to case and four parameters important to the technology of lightning protection can be determined- from this variation:

-
The peak value 1, i.e. the maximum amplitude attained by the lightning current, measured in amperes (A).

-
The charge Q of the lightning current.  This is obtained by integrating the lightning current over time; it is measured in ampere-seconds (As).

-
The (specific) energy W of the lightning current.  It is determined by first squaring the current and then integrating it over time.  W is measured in joules per ohm (J/ 9 ).

-
The rate of rise S of the lightning current while it is increasing to its maximum, is measured in amperes per second (A/s).

The effects of the four parameters are discussed below.

5.3.1 PEAK VALUE OF THE LIGHTNING CURRENT

In the design of lightning protection systems, the upper limit of the peak value is taken as 100 to 200 thousand amperes (A) - picture 24.

This parameter is relevant in the determination of the peak voltage (U) to which a building with resistance (R) of its earthing system is raised, in the event of a lightning strike relative to the remote environment:

U = I x R         (picture 25)

A typical value for the resistance of a building earthing system is 10 ohms If the peak current (1) is2OO,OOO amperes (A), the peak voltage U will be 2 million volts (V).

This peak voltage U also arises between the building earth and pipes and cables entering the building from the outside, such as gas and water pipes, telephone and power cables.  Unless precautions are taken, and uncontrolled overvoltages will take place, giving rise to flashovers in the building and thereby endangering the occupants.  Present day lightning protection technology counters this risk by connecting every single pipe and cable entering the building to the building earth so as to achieve potential equalization in the event of a lightning strike; all metal parts, pipework and cables in the building are in turn connected to the building earth.

This ensures that no potential differences can arise inside the building, as all metal parts, pipes and cables are raised to the same peak voltage (U), whose level is no longer significant for the people inside the building.  For this reason, where the earthing system of a building incorporates potential equalization for lightning protection, it is no longer normally necessary for a specific resistance value (R) to be observed.

5.3.2 CHARGE OF THE LIGHTNING CURRENT

Upper limits for the charge Q of 150 to 300 ampere-seconds (As) are specified for lightning protection (picture 24).

This parameter is particularly responsible for melting-at points where the lightning current enters or leaves metal (picture 26).  For example, the charge causes melting of lightning rod tips or conductors and burning or perforation of metal roofs or tank walls.  It is also responsible for spark erosion in spark gaps where used, for example, in potential equalization for lightning protection to bridge isolated sections of gas pipes.

Lightning currents with a charge of 300 ampere-seconds (As), for example, can still perforate 5 mm (0.2 in.) thick aluminium sheets.

5.3.3 ENERGY OF THE LIGHTNING CURRENT

The scaling of lightning protection systems is based on upper energy limits (W) of 2.5 to 10 million joules per ohm (J/ Q ) - picture 24.

This parameter is particularly important for determination of the temperature rise of lightning conductors when a current is flowing through them (picture 27) and for deciding whether a particular wire will reach melting temperature and be destroyed by the passage of the lightning current.

At 10 million joules per ohm (J/ Q ), a copper wirewith a crosssection of 16 square millimeters (mM2) (.025 in.2) is heated to 330 degrees Celsius (O C), a 25 Mm2 (.04 in.2) aluminium wire to 3000 C and a 50 mM2 (.08 in.2) iron wire to 2300 C, based on an ambient temperature of 200 C. A 10 Mm2 (.015 in.2) copper wire is melted at this level, as is a 16 MM2 (.025 in.2) aluminium wire and a 25 mM2 (.04 in.2) iron wire.

The energy (W) is also responsible for the electromagnetic force effects on conductors carrying lightning currents. 5.3.4 RATE OF RISE OF THE LIGHTNING CURRENT

The lightning transients increase to their peak value (1) in time on the order to only 1 microsecond (ms).  This calls for the assumption of upper limits to the rate of current rise (S) of 100 to 200 billion amperes per second (As), although these are effective for only fractions of microseconds (ms) - picture 28.

The rate of rise of the current induces overvoltages in all open or closed installation loops in a building that is struck by lightning or is close to a lightning strike (picture 29).  These surges may attain peak values of'between I 00,000 and 1 million volts (V).  Loops of this kind may be formed, for example, by power and telecommunication lines or power lines and water pipes.

These electromagnetically induced overvoltages are particularly hazardous to the electrical and electronic apparatus connected to relevant installations in the buildings concerned, e.g. amplifiers, television and radio sets, video recorders, personal computers, air-conditioning systems with electronic controls and electronically controlled oil and gas heating systems.  The overvoltages cause flashovers in the equipment, which is then destroyed by the subsequent transient currents.

These dangerous voltage surges can now be controlled by "internal" lightning protection measures and overvoltage protection.  In addition to the technique of potential equalization for lightning protection, voltage surge protectors are incorporated in the mains and telecommunication wiring.

6. STRIKE FREQUENCY

The frequency with which building structures are struck increases with their height.  For example, if an area of 1 square kilometer (kM2) (0.38 mi.2) is subjected to 3 strikes per year (this is the average for Germany), a 10 m (33 ft.) high building will be struck by lightning about every 120 years, a 20 m (66 ft.) high building about every 30 years and a 50 m (165 ft.) high building about every 4 1/2 years.

7. DETERMINATION OF VOLUMES PROTECTED FROM LIGHTNING STRIKES

Since the beginnings of the technology of lightning protection for buildings over 200 years ago, the volume that can be protected from strikes with adequate certainty by a lightning rod or conductor, has constantly been the subject of detailed discussion.  This protected volume is often described in terms of the angle of the zone of protection: in the case of lightning rods, the volume of protection is thus limited by a circular cone (picture 30), and in the case of conductors by a symmetrical wedge.

As a general principle, the higher the lightning interceptor, the smaller the angle of protection, which falls, for example, from 60 degrees at a height of 10 meters to 45 degrees at 20 m (66 ft.). Again, observation has shown that above a certain limit of height - for example 40 meters (132 ft.) - lateral strikes are possible in a tower or chimney, so that the use of angles of protection is appropriate only up to this limit.

In the last few years, the rolling sphere method has gained international acceptance for the determination of volumes protected against strikes.  It is universally applicable, however complex the interception facilities, and whatever the shape and design of the structures to be protected; it is based on the physics of the lightning discharge and thus automatically takes account of all physical peripheral conditions determining the volume of protection.

The following procedure is generally adopted for determination of the protected volume by means of the rolling sphere method (picture 31):

A scale model (for example 1 to 100 up to 1 to 500) of the structures to be protected (like residential and commercial buildings, farmsteads, or industrial facilities) and of the proposed intercepting devices are built.  A sphere is then made to scale, with a radius corresponding to the postulated length of the lightning return stroke.  The rolling sphere method assumes that the center of the sphere corresponds to the front of the stepped leader when it has approached close enough to the earth for the return stroke from the nearest earthed part of the structure to complete the connection to it.  In practice, sphere radii of 30 to 60 meters (100 to 200 ft.) are assumed; note that the certainty of protection increases with decreasing radius !

The sphere is now rolled around the model and also over the model in all possible directions.  If the sphere then touches only the intercepting devices, the structures to be protected are contained entirely in the protection zone; any intercepting devices that are not touched are superfluous.  If, however, the sphere also touches parts of the structure to be protected, protection in the relevant positions is incomplete and additional devices must be provided so that only they are contacted.

Where the configuration of the intercepting facilities is simple - for example at a single lightning rod or conductor - model construction can be dispensed with and the protection checked by an approach based on the rolling sphere concept.

8. OVERVOLTAGE DAMAGES

Due to the widespread introduction of electronic systems and equipment in all industrial and economical sections, the overvoltage damages to electrical systems are steadily increasing.

Automatically controlled production processes nowadays are no longer thinkable without electronic measuring, controlling and regulating systems as well as without an electronic data processing.

The corresponding micro-processors and C-MOS-circuits are working at low signalling levels and will therefore react even on the slightest interference pulses.  These electronic circuits with minimum distances of the printed conductors can be destroyed by overvoltages of only a few volts, even if they are lasting only a few millionths of a second.  Although not leaving very spectacular traces, the destruction of electronic devices often are connected with long lasting operating interruptions, that means the subsequent losses there are considerably higher than the actual hardware damages.

8.1 LOSS STATISTICS OF THE INSURANCE COMPANIES

Fire insurance companies and also insurers whose contracts especially refer to electronic systems, report an alarming increase of such overvoltage damages for Europe /6/.

Loss statistics of fire insurance companies show, that the overv6ltage damages to electrical systems caused by thunderstorms often are a multiple of the losses caused by direct lightnings (picture 32).  This is especially conspicuous in the lightning damage statistics of the area called Upper Austria (picture 33): In 1987 the overvoltage damages due to thunderstorms there had been 1.5 times higher than the losses due to direct lightning strikes.

In Austria about 60,000 electrical devices have been damaged by indirect lightning strokes in 1982.  Here are two special cases:

-
"in a medium-sized factory, a welding robot was damaged by indirect lightning stroke.  Loss in material: 800,000 Schillings (about $ 62,480 U.S.), loss in production: 3,000,000 Schillings (about $ 234,300 U.S.)

-
In another industrial company, a process computer was damaged by atmospheric overvoltage causing a loss in material of 120,000 Schillings (about $ 9,372 U.S.) and a production loss amounting to about 5,000,000 Schillings (about $ 390,490 U.S.)".

In evaluating these loss statistics, it has to be considered that the fire insurance companies only record and.Qompensate for overvoltage damages caused by direct lightning strokes.  The real amount of the overvoltage damages caused by thunderstorms therefore is a multiple of the figures given in the fire insurance statistics.

Speakers of renowned insurance companies, where about 30% of the electronic systems operated in the Federal Republic of Germany are insured (this concerns the telephone as well as the whole computer range and the med ical engineering), estimate, that in 1986 they have paid more than 1 00,000,000 DM (about$ 54,000,000 U.S.) only for the compensation of overvoltage damages at these insured systems.

For the current year 1988, these insurance companies estimate that for the Federal Republic of Germany there will be a total overvoltage loss at electronic systems of more than 500,000,000 DM (about $ 270,000,000 U.S.).

The insurers clearly state that the expenses for such losses are so high, that increasing the insurance premium would not bring a sensible improvement.  Thus they have to require the consequent installation of voltage surge arresters.

8.2 DAMAGE EXAMPLES FROM THE PRACTICE

In the following, some examples of damages due to atmospheric overvoltages /7/ the characteristic course of which is clearly recognizable.

8.2.1 DAMAGES IN EXPLOSION-ENDANGERED SYSTEMS

In order to give you an impression of the disastrous consequences of lightning strokes into explosion-endangered areas, here are two examples.

In July 1965, lightning struck a 1,500 M3 (53,000 ft.3) petrol tank with a solid roof in a German refinery.  The tank exploded and burned out completely (picture 34).

Picture 35 shows the inside of the tank: The ohmic resistance of a nickel spiral served for measuring the temperature in the tank.  As lightning struck the tank, there was sparking from the tank to the wires of the measuring cable, being a "separate", "distant" earth.  The explosive mixture was set on fire and the tank burned out.

A similar remarkable case happened 10 years later in the Netherlands.  A 5,000 M3 (176,500 ft.3) kerosene tank (picture 36) exploded after a lightning strike.  The soil covered tank had a very good earthing of about 0.5 ohm.

The temperature inside the tank was controlled by a thermocouple, which was connected with the control room over a 200 meters (660 ft.) long measuring cable: Also here, like in the case before, an "external" earth.  Lightning struck one of the surrounding trees and flashed over from the roots to the better earthing system of the tank structure.

As a consequence of such a "Faraday hole effect" there was a spark-over to the "distantly earthed" cable, and this open sparking finally set the kerosene-air mixture on fire.  This lightning strike and the following explosion has been photographed by a man standing some distance away (pictures 37 and 38).

The reasons for these damages basically can be explained so (picture 39): Lightning strikes an almost closed Faraday cage, having a hole.  A hole, for a conductor, leading to a far away building where it is earthed.  Between that Faraday cage hit by lightning and this so-called "distant" earth, there is a voltage drop,for example 50 kV, caused by the lightning current at the impulse earth resistance.  Usual measuring cable isolations, however, can only bear some I 00 volts; higher voltages cause puncturing with sparking.

8.2.2
DAMAGES IN INDUSTRIAL PLANTS

Extended electronic measuring, controlling and regulating circuits and computer systems for example in industrial plants are especially sensitive to overvoltages.

In 1983, lightning hit the administration building of K16ckner-Humbolt-Deutz in Cologne (picture 40 a + b), and was discharged to ground by the "External Lightning Protection System".  Due to the missing "Internal Lightning Protection System"however, this lightning destroyed in the administration building, 100 terminals (picture 41) and in the computing center which stands about 120 meters away, numerous computer units (picture 42) were destroyed (picture 43).

The hardware damages amounted to 2 million DM; ($ 1,080,000 U.S.) the subsequent losses due'to the nonavailability of the computer systems were about 4 million DM:($ 2,160,000 U.S.) that means a total loss of 6 million DM ($ 3,240,000 U.S.) caused by one single lightning stroke ! And, this thunderstorm caused overvoltage damages also in neighbouring industrial plants at computer, telephone and telecommunication systems.

The reasons for these damages can be explained by means of the simple picture 44: If lightning strikes building 0 it is already alone due to the ohmic coupling, that a partial lightning current flows into building also causing damage there.

8.2.3 DAMAGES IN POWER SUPPLYING PLANTS

Sometimes the public is alarmed by reports about lightning strokes into power stations, or even into nuclear power stations.

In 1983, lightning struck the 110/20 kV transformer station in my hometown Neumarkt (picture 45 a + b), causing considerable damages in the control room and a breakdown of the 220 V- voltage control.  The 20 kV arresters were destroyed by the first partial lightning currents (picture 46), so that the subsequent could no longer be discharged.  Sparking arcs (picture 47) were generated in the concerned switch bay, which ran over the bus bar in the control house and destroyed also the opposite switch bay.  Further short-circuit arcs were generated on the 20 kV overhead lines.  Due to the strong vibrations of the overhead lines, some of them overheated and burned through.  In the course of this thunderstorm, the supplying 1 10 kilovolt (kV) transformer exploded (pi ctu re 48).

The whole town of NeLjmarkt, with about 32,boo inhabitants, had no current for about 6 hours.

8.2.4 AREAS ENDANGERED BY ATMOSPHERIC OVERVOLTAGES

Especially the overvoltage damages caused by thunderstorms in the years 1985, 1986 and 1987 have shown, that electronic systems are endangered by induced or line carried overvoltages and overcurrents up to a distance of about 1 km (0,62 mi.) from the striking point (picture 49).  The reasons for this wide-ranged risk are the increasing sensitivity of the information technical devices, cables connecting several buildings, and the great network extension.

9. PROTECTIVE MEASURES

In the Technical Committee (TC 81) of the International Electrotechnical Commission (IEC), which completed a three days session in Tokyo on June 29, 30, July 1, 1988, a Standard for Lightning Protection has been proposed /8, 9/.

The protective measures /7/ presented in the following, like External Lightning Protection, Internal Lightning Protection, Screening, Overvoltage Limitation, have proven in practice and are fixed in the I EC-Standard.  These protective measures should be considered in the planning and building stage of projects but sometimes they can still be realized subsequently.

9.1 EXTERNAL LIGHTNING PROTECTION

The International Lightning Protection Standard makes a clear difference between the "external lightning protection" and the "internal lightning protection" or between the "external lightning protection system" and the "internal lightning protection system".

The external lightning protection means all installations outside, at and in the system to protect for intercepting, conducting, and discharging the lightning current into the earthing system (picture 50).

The I EC Standard gives four protective categories, whereby category I is making the highest level in requirements and offering the best protection.

When planning intercepting installations, the following methods can be applied (picture 51) and that independant from each other and in any combination:

- protective angle,

- lightning sphere method,

- mesh width.

The middle distance of the down conductors is also indicated for the different protective categories (picture 52). 9.2 Screening

The screening of buildings, rooms and devices belongs to the preventive measures against the arising of overvoltages in their interior.  Screenin.g measures should already be taken into consideration in the planning and building stage of structures, as continuing protective measures which shall be taken later, for example the use of overvoltage protectors, will be simpler and easier.

Picture 53 shows, how the reinforcement of concrete buildings can be used for screening purposes.  In picture 54, the achievable screening attenuation rate is shown in dependence from the mesh width, diameter of the reinf orcement rod and the frequency.

9.3 INTERNAL LIGHTNING PROTECTION

The internal lightning protection comprises all measures taken against the effects of the lightning current and its electrical and magnetic fields in metal installations and electrical systems.

A fundamental condition for the realization of the overvoltage protection for electrical and above all for electronic and telecommunications equipment and app@ratus, is the achievement of an al I-embracing system of potential equalization for lightning protection purposes.

This will be attained by the installation of potential equalization conductors or surge arresters, which interconnect the lightning protection system, the metal frame of the building, the metal installations, the external conductive parts and the power and telecommunication systems in the volume to protect.

Concerning the lightning protection potential equalization for power and telecommunication systems, the IECStandard (TC 81) requires:

Equipotential bonding for electrical and telecommunication systems shall be established.

Equipotential bonding shall be established as near to the point of entry into the structure as possible.

All conductors of the lines should be bonded directly or indirectly.  Live conductors should only be bonded to the lightning protection system via surge arresters".

Picture 55 shows a list of such bondings within the lightning protection potential equalization.

Concerning the proximities of installations to the lightning protection system, the IEC says.-

In order to avoid dangerous sparking, when equipotential bonding cannot be achieved, the separation distance (s) between the lightning protection system and metal installations, and extraneous conductive parts and lines shall be increased over the safety distance (d) (picture 56):


where:
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ki
depends on the selected protection level of the lightning protection system (picture 57)

kc
depends on the dimensional configuration (picture 58)

km
depends on the separation material (picture 58)

l (m)
is the length along the lightning conductor from the point where the proximity is to be considered to the nearest equipotential bonding point".

Picture 59 shows a calculation example.

However, the lightning protection potential equalization cannot prevent overvoltages due to magnetic induction from occurring; further safety measures are necessary to control these suroes.

Owing to the extremely rapid rate of rise of the lightning current, magnetic fields which vary at an exceptionally high rate, arise in the vicinity of the lightning channel and of the conductors through which the lightning current flows.  These fields give rise within the building to overvoltages of the order of some 1 00 thousand volts in the large "induction" loops formed by the interaction of the many different kinds of wiring and piping present - for example power and telecommunication lines, water and gas pipes (picture 60).

Consider the example of the incoming power cable and data line to a computer (picture 61):

On entry into the building, the data cable is duly connected to the potential equalization bus; the line is plugged into the data socket of the computer.  The power line conductors after the meter are also connected to the potential equalization bus, either direct or through the lightning arresters, and are connected to the computer through the service equipment.

Since the power and data lines are run independent of each other, they may form an induction loop which includes an area of the order of loo M2 (1,089 ft.2). The open ends of this loop are located in the computer: it is here that the overvoltage induced in the loop has its effect.  Not only direct lightning strikes but also nearby strikes may induce overvoltages in the loop high enough to cause flashovers in the computer and sometimes even to ignite a fire.

As a counter-measure, the computer must be protected from these lightning induced overvoltages at the device itself - that means at the clamps or at the power and data wall receptacle.  This can in principle be-achieved by the use of voltage limiting facilities or components such as spark gaps or varistors, incorporated in both the power and the data lines (picture 62) so as to reduce the voltage surges due to lightning to non-hazardous levels; the precautions taken to control these overvoltages must not, of course, interfere with normal operation.

Similar problems arise at television sets, video recorders or radio sets, which, like computers, are connected to two circuits, namely, the power and the antenna cable.  Other examples are boilers, dish-washers or washing machines, which are connected both to the power and to the water supply system.

A general rule for internal lightning protection is thatequipment- in particular, telecommunication equipment connected to two or more independent circuits must be fitted on site with lightning arresters if it is to be protected from voltage surges due to lightning.  It is now possible to purchase protective devices which operate in. combination with the lightning protection potential equalization systems and can simply be plugged by anyone into the wall receptacle in which the equipment to protect (picture 63) is connected.

10. EXAMPLES FROM THE PRACTICE FOR THE EFFECTIVE USE OF OVERVOLTAGE

PROTECTORS

Picture 64 shows the basic structure of a gas industry plant, consisting of a central control room and several field stations.  The field stations and in particular the control room are equipped with a number of highly sensitive electronic measuring, controlling and regulating devices, which are designed for the rated voltages 12, 15 or 24 volts (V) and which are working only with currents of some 10 milliamperes (mA).

In picture 64, a cathodically protected long-distance-pipeline is entered into the field station (for example a gas compressor station) over an isolation flange and connected in the station with the lightning protection potential equalization.  The isolating flange is bridged by an explosion protected spark gap (picture 65).

The power supply for the field station comes from an overhead line; a lightning current bearing overvoltage protection, the DEHNVENTI Lg is installed at the building input (picture 66).  The control building gets its electric power over an earth cable; after the DEHNVENTI Ls at the building input, there are further low-voltage arresters in the sub-distributions of this extended low-voltage system (picture 67 a - d).

In smaller field stations often telecommunication cables with only a few Aires have to be equipped with overvoltage protection; here mostly the so-called BLITZDUCTORS are used (picture 68).  In the control building, however, there are usually so many measuring, controlling and regulating lines,that here the overvoltage protection can be realized more economically by means of BEE-protective cards (picture 69).

The realization of these protection principles shall be demonstrated by means of pictures from the Megal (that means Middle European Natural Gas Transportation Company) gas compressor station in Waidhaus (picture 70).

For better understanding first some marginal conditions of such a station.  The natural gas comes through a 5,000 km (3,108 mi.) long pipeline from Russia through Czechoslovakia to Germany and goes from there to France.  In Germany we have three gas compressor stations, where the gas is coming in with a pressure of 50 bar (725 lb./in.2 ). For further transportation the gas is than compressed in such a station to a pressure of 80 bar (I 160 lb./in.2) .

Every gas compressor station has three compression machines (one of them as reserve).  Every machine has an efficiency of 15 thousand horse power (HP).  In the Mega] station in Waidhaus 1,500,000 M3 (53,000,000 ft.3) gas can be compressed per hour.

Such a station depends especially on the high availability.

The repair time including the time needed to find the fault, usually lasts about one hour.  After a standstill of the station, it takes then about two hours until the compressor station again works with 80 bar (1 160 lb./in2). The cost for one hour of standstill is around 1,000,000 DM (about S 540,000 U.S.) !

System interferences have to be avoided as far as possible by effective precautions at an economically justifiable expense.  According to the specifications of the "Pipeline Engineering", the power supply and all the measuring, controlling and regulating lines exceeding the buildings and all the sensitive equipment of the Megal station in .Waidhaus have been provided with overvoltage protection.  As are shown in pictures 71 - 79, BLITZDUCTORS are installed in the field stations and BEE-protective-cards in the central control room.

11. PROSPECTS

The principle of classical, "external" lightning protection for buildings has not changed fundamentally for over 200 years.  However, the requirement of uncompromising potential equalization for lightning protection purposes has gained increasing acceptance in the last few years.  This measure is an essential condition for "internal" lightning protection, whereby, in particular, both privately and commercially used electronic apparatus and equipment can be protected from lightning-induced voltage surges (picture 80).

The cost of "internal" lightning protection is insignificant compared with the consequential losses due to the failure or destruction of a computer, monitoring, measurement, control or information-technology system.  For this reason, it is necessary to devote particular attention in the future to the prevention of such complex overvoltage losses by means of "internal" lightning protection measures-incorporating extremely sophisticated technology.

The basic protection principles have been fixed by the TC 81 of the IEC in the standard "Standards for Lightning Protection of Structures".  The Application Guide on how to apply these principles, has yet to bedeveloped.
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Picture 1:
Roll seal from ancient Accadian times {about 2,200 years B.C.).

The weather god sways the whip, which makes you think of thunder and
tightning. According to E. Porada: Corpus of Ancient Near Eastern Seals.
Volume |, Washington 1949. P1 XXX1V, No. 220. '

(Source: /1/) '
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Picture 2:

Hethitic weather god Teschup, around 900 B.C.
(Source: Orient-Comité. Excavation in Send-
schirli. Berlin, volume 3, 1902.)

Picture 3:
Zeus with flaming lightning on an Attic drinking bowl, 480 B.C.
(Source: Ehem. Staatl. Museen, Berlin, Antikenabteilung.)
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[image: image4.png]Picture 4:

Il1ird Book Moses, Chap. X, Vers 2: Fire from
Heaven destroys with strange fire.

(Source: Scheuchzer, J.J.: Physica Sacra. Augsburg
and Ulm, volume 1 up to 3, 1731.)

Picture 5:

Lightning goddess Tien Mu

(Source: Doré, H.: Recherches sur les superstitions
en Chine. Shanghai, volume X, 1915.)

Picture 6:
President and thunder ancestor Lei Tsu
(Source: as picture 5.)

Picture 7:
Thunder count Lei Kung
(Source: as picture 5.)
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[image: image5.png]Picture 8: Picture 9:

Zeus throwing a thunderbolt (little bronze. Beginning 5th century B.C.) Vajrasattva. Tibettan Buddha with thunderboit.
(Source: A. Rieth: Der Blitz in der bildenden Kunst. (Source: Getty, A.: The Gods of Northern
E. Heimeran Verlag, Miinchen, 1953.) Buddhism. The Clarendon Press, Oxford, 1928.)

Picture 11:

Benjamin Franklin, born January 17,1706, died Aprit 17,1790.
Detail of a painting of Mason Chamberlin, 1762.

(Source: Owner Wharton Sinkler, Philadelphia.)

Picture 10:

Japanese Buddha Aizen-My 66 with thunderbolt
emblem.

(Source: Mythologie asiatique illustrée. Libr. de
France, Paris, 1928.)
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Picture 12:

First proof of thunderstorm electricity on May 10,
1752.

(Source: Figuier, L.: Les merveilles de |a science ou
description populaire des inventions modernes.
Paris, Band 1, 1870.)

. Picture 13:

On August 6, 1753, professor Richmann from the
imperial academy of St. Petersburg is killed by a
flash of lightning while experimenting with
thunderstorm electricity.

{Source: Dibner, B.: Early Electrical Machines.
Burndy Corp., Norwalk, 1957.)

Picture 14:

Proposal by G. C. Lichtenberg for a lightning conductor for a

building (1778).

Picture 15:

The lightning protection hat for ladies in
Paris, 1778.

(Source: as picture 12.}
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Picture 17:
Typical cell of a heat thunderstorm.
(Source: /5/)

Picture 16:

The lightning protection umbrelia of Barbeu-
Dubourg, end of the 18th century.

(Source: as picture 12.)

Picture 18:

Map showing thunderstorm
days per year throughout the
world, 1956.

(Source:World Meteorological
Organization: World distri-
bution of thunderstorm days.
WMO/OMM-No. 21.TP.)
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[image: image8.png]Picture 19: .
..Cloud-earth-flashes’: Downward flashes.

Picture 20:
) Development of the stepped leader and retum
o o e stroke of a negative lightning flash.

(Source: /3/)
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Picture 21:
A Impuise current of a negative lightning stroke (after
K. Berger).
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Picture 22:

Currents in a multiple negative lightning flash (after K. Berger).
(Source: /3/)

Picture 23: N
..Earth-cloud-flashes'’: Upward flashes.
{Source: Hugo Binz, Niederrohrdorf (CH).)

Picture 24:

Lightning current parameter at
a direct stroke (,,energy para-
meter’’).

(Source: /7/)
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Picture 29:
The overvoltage U induced in a conductor loop is determined

by the rate of rise of the lightning current S.
(Source: /3/)
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Picture 30:

Cone of protection of a lightning rod on a building to DIN
VDE 0185. '

{Source: /3/}

Picture 31:

Lightning sphere method of determining the area
of protection.

(Source: /3/}

Picture 32: .
Lightning overvoltage damage in a dwelling house.
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Picture 34:
Burned out tank due to lightning stroke, Karlsruhe, 1965.
{Source: DEA-Scholven, Karisruhe.)
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Picture 33: .

Loss statistics of the Fire Prevention
Authority for Upper Austria.
{Source: Statistik zum Tatigkeits-
bereich 1987. Brandverhiitungsstelle
fir Oberésterreich, Linz, 1988.)

Picture 35:

Measuring equipment for the tank
temperature.

{Source: v. Thaden, H.-W.: Tankbrand
durch Blitzeinschlag. Erdél und
Kohle-Erdgas-Petrochemie. 19. Jahr-
gang, S. 422-424, 1966.)
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Picture 36:
Lightning stroke into Kerosene tank, Netherlands, 1975.

Picture 37:
250 m (820 ft.) high explosion cloud after lightning stroke.
{Source: Brood, Netherlands.)

Picture 38:

250 m (820 ft.) high explosion cloud after
lightning stroke.

(Source: Brood, Netherlands.)
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Picture 40:

Lightning stroke into the administration building of Kléckner-Humboldt-Deutz (KHD), Cologne 1983:
a) Site plan.
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Picture 39: )

Lightning stroke into Faraday cage causes sparkover to cable at the
,,Faraday hole".

(Source: /7/}

Picture 40:

Lightning stroke into the administration building

of Kléckner-Humboldt-Deutz (KHD), Cologne,

1983:

b) Administration building behind the computer
center.

(Source: KHD, Cologne.)
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Picture 43:
Destroyed computer PC due to lightning over-
voltages, KHD.

Picture 42:
View into the computer center KHD.
Source: KHD, Cologne.)
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[image: image16.png]Picture 45
‘Transformer station 110/20 kV, OBAG, Neumarkt:
Lightning strokes in August, 1983.

a) Site plan.

Picure 45,
Transformer station 110/20 KV, 0BAG, Neumark:
Lightning strokes in August, 1983,

b) Transformer station.

Picture 46,
Arresters destroyed by lishtning stroke, Neumarke, 1983.

Picture 47
Lightning overvaltage damages in 20 KV switching cell, Neumark, 1983,
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[image: image17.png]Picture 49:

Lightning overvoltage danger in an area of 1 km {0.62 mi.} around the
lightning strike point.

{Source: /7/)

Picture 48:
Exploded 110 kV transformer due to lightning stroke, Neumarkt, 1983.

Heating Water In.
staliation System

+— ¢ ¢ e« ey

Telephone Tetevision set/ Computer terminat :
Hif) System

.—l i

Foundation ground rog/
Lightming protection
ground rod

——External Lightning Protection —t= 1}~ Protector for energy technical mains
==c|nternal Lightning Protection —f==1— Protector for information technical mains

—B_&3— Isolating spark gap

Picture 50:
External and internal lightning protection according to IEC/TC 81.
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.*) Roiling sphere and mesh apply in these cases.

category

Picture 51: Picture 52:
Positioning of air termination according to the protection level. Average distance between the discharge lines
(Source: IEC/TC 81 {Central Office) 6, Part 1, April 1987.) according to the protection categories.

(Source: as picture 51.)

Picture 53:
Schematic of a screening out of reinforcement steel with
openings.

Openings seen (Source: VG 96 907, part 2.)
_ VG 95 375 Teil 4

~.

welded
at the cross points

solid, uninterrupted
at every rod door frame

Picture 54

ment steel.

w:Mesh Width {Source: VG 96 907, part 2.)

d : RodDiameter

Frequency f—= (Hz)

Screening efficiency of reinforce-




[image: image19.png]Picture 55:

internal lightning protection: lightning protection
potential equalization and protection against
induced overvoltages (protection of devices).

power mains

"7] Information technical
] network

{, power cable L LT ]
f\ 220/380 V-
[
i
A EDP-cable
[
telecommunication cable (] —— 4
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] o) R
, heatingpipe ([ ) =
=
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protective device protsctive device disconnection spark gap
for energy technical network for information technical network

PROTECTION
LEVEL

depends on the selected protection level of lightning
protection system

ke depends on dimensional configuration
km depends on separation material
| (m) is the length along the lightning conductor from the

point where the proximity is to be considered

Picture 56: Picture 57:
Proximity of installations to lightning protection system. Proximity of installations to lightning protection
{Source: IEC/TC 81 (Central Office) 6, part 1, April 1987.) system. Values of coefficient kj.

(Source: as picture 56.)
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[image: image20.png]metal instaltation or line

bonding bar

MATERIAL

Picture 58:

Proximity of installations to lightning protection system. Vaiues of coefficient k; and k.
(Source: as picture 56.)

Example: Dwelling house
I:7m

ki: 0.05 {normal requirement)
km: 0.5 (solid material)

>005- 0.66 . =
+s520.05 05 7m=0.46m

Picture 59:
Example for calculation of the safety distance ,,s".
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Picture 61:
Dangers to an electronic device due to induced
lightning overvoitages.

Picture 60:
Maximum induced voltages in installation loops.
(Source: /5/)

socket
Power piug
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Picture 62:

Overvoltage protection at a computer (CS-Protector) with symmetrical
interface.

Picture 63:
CS-Protector protects terminal.

FU Foundation ground
electrode
PAS Equipotential
DEHNVENTIL® husbar
@ Mains retifier
@ Measuring
instrument
@ Measuring amplifier
@ Primary element

Ex-spark gap
Non-linear—
resistance arrester
(e.g. VA 280 or
NHVA 280)

19" Overvoltage protector
BEE 18 NFF

Blitzductor® type A

External system

S ... Protector
E ... Input

Picture 64:

Overvoltage protection of
an extended electrical
system with electronic
devices.

Overhead
line
220/380 v,
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[image: image23.png]Picture 65:
Overvoltage protection for an isolating flange by
means of explosion protected spark gap.

Picture 66:
2 DEHNVENTILs protect the power installation
also in case of direct lightning strokes.
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Picture 67:
Surge arresters in sub-distributions of the control building.
a) Non-linear-resistance arrester VA 280.

b) Arrester NHVA 280.

c} Arrester VM 280.




[image: image24.png]Picture 68:
Blitzductors protect the measuring, controlling and regulating equipment
of the field station.

.

Picture 67:

Surge arresters in sub-distributions of the control
building.

d) Fl-circuit breaker with overvoltage protection
adapter.

st mmggﬁ !
o L T

Picture 69: Picture 70:
Use of BEE-protective cards in the control Megal gas compressor station in Waidhaus.
building.
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[image: image25.png]Picture 71:
Surge arresters installed in the Megal gas compressor station Waidhaus:
Non-linear-resistance arrester VA 280 in the transformer station.
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Picture 72: .
Surge arrester installed in the Megal gas compressor
station, Waidhaus: Arrester NHVA 280 in the load
distribution room.

Picture 73:

Surge arresters installed in the Megal gas com-
pressor station, Waidhaus: Non-linear-resistance
arrester NHVA 280 and VA 280 in the power
feeding in the controi cabinet ,,gas drying".

Picture 74:

Surge arresters installed in the Megal gas com-
pressor station, Waidhaus: Non-linear-resistance
arrester NHVA 280 and VA 280 in the power
feeding in the control cabinet ,,gas drying”’.




[image: image26.png]Picture 75:

Surge arrester installed in the Megal gas compressor
station, Waidhaus: Overvoltage limiter BEE 16 NF
in the control cabinet of the central control room.

3
3

Picture 76: Picture 77:

Surge arrester installed in the Megal gas compressor . Surge arrester installed in the Megal gas compressor
station, Waidhaus: Overvoltage [imiter BEE 16 NF station, Waidhaus: Blitzductor at the controi

in the control cabinet of the central control room. switch in the hall ,,process engineering”’.
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[image: image27.png]Picture 78:
Surge arresters installed in the Megal gas compressor station, Waidhaus:
Blitzductors in the control cabinet ,,gas drying’.

44

Picture 79:

Surge arresters installed in the Megal gas com-
pressor station, Waidhaus: Blitzductors at the
device in the control cabinet , filter 3.
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[image: image28.png]@ DEHNVENTIL®

. arresters of the types VA, VM, NHVA or NHVM
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@ 5LITZDUCTOR®

Power Supply
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FE foundation ground electrode
HAK house connection case
HV main distribution

Picture 80:
Installation possibilities of the DEHN-overvoltage protectors.

. mounting devices DSM

‘ mounting devices DSM in 19’"-mounting plates

. European cards BEE 16 NFF in 19""-mounting cabinet
‘ isolating spark gap KFSU

. equipotential busbar K 12

DUG  data processing device

cPuU central processing unit

SPS programme memory control
TA telephone system

BMZ  fire alarm central station
ZLT central conduction technique

uv sub-distribution . . )
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