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Part 1 - INTRODUCTIORN

Lightning is among natures most beautiful phenomerons and has been
with us since the beginning of our existence on this planet. Many
researchers in bicchemistry believe that lightning was partially
responsible for formation of basic amire acids, and therefore
ourselves, frow the primordial soup which existed on our young earth.
Today, lightrning is viewed as a threst to both life and property. In
this work we will examive the very nature c¢f this phenomenon and take
a clese leok at modern measures to protect ourselves and our
equipment from its effect. We will address a nuwber of frequently
asked questions such as: Where does lightning come Frow? How
strong is a lightning bolt? And How frequently does it occur?

There are many factors which influence our global weather svstem
including density of solar radiation, rotation of the ecarth and
topography of the land. These factors combine to produce circulating
air currents and differences in air temperature, barometric pressure
and bumidity within our troposphere. Basic laws of physics come into
play &s these air masses Iintersct with one another causing cleud

formation and cyclic westher  systems such as hurricanes and
thunderstorm cells, Since lightning is our major concern, this

discussion will focus on the wmechanisms which form thunderstorm celle
and resultent lightoing.

PART 2 - THUNDERSTORM FORMATION

4 thunderstorm cell is a defined system of circulating air
currents caused by o fromntel westher systemw or as the resulr of
convective air movement within g localized area. A thunderstorm may
consist of many such cells which ferm, become zctive and die during
the course of a storm. This birth and dezth is & continuous process
during the 1life of a storm with each individual cell lasting an
averzge of twenty minutes.

Cell formation during & frontsgl storm occurs as a cocl high
pressure alr mass encounters a warmer sir mass of lower pressure. 8
this cooler, denser air mase encounters the wsrmer air, it slips
beneath, forcimg the warmer moisture lsden air upward tc higher ond
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higher altitudes. Cleoud formation occurs aleng the frontal line as
the temperature oif the wupwardly moving air reaches the dew puint,
providing a distinct irontal squall line. Vertically circulating
currents in this type of system set the stage for lightning.

Convective storm systems are caused by an vpwelling of warm meist
air as the result of solar radiation. These systems are ofifen more
random and less defined than frontal storms, gepersally occurring in
the afternoon and early evening hours. Storms of this mnature occur
more frequently at lower latitudes where summertime solar radiation
angles and relative humidity are high. Like {rontel storms, the
rising columns of warm moist air are replaced by cooler pockets of
air and circulating currents are established.

S0000FT e — - = 2 Figure 1 depicts the activity
which oceurs within a
. thunderstorm  cell, Rising
£ e g columns of  warn molsture lzden
y { zir coel zs they migrate higher
and higher in altitude. Liquid
water droplets are formed which
eventually freeze to form ice
crystals. As the process
continues, dowuwzrd currents,
usually nesr the perimeter of
the cell carry these high
N T U : ‘ ' sltitude particles towerd the
; earth where once agzin, they
begin moving upward. While the
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exact  mechanism  of  charge

separation within the cell is

Figure 1 cell is net {ully understood,

The Thupderstorm Cell it is believed that the freez
ing  and thawing of water

moelecules during this process creates an abundance cf Iree electroms
in lower regions of the cell. The upper arez oi the cell, with a
deficiency o©f electrons assvmes a net positive charge. As the
process continues, the strong negative ciiarge center at the base of
the cell caures free electrons in the earth beneath the cell to be
repelled resulting in a net positive charge on the earth, Charge
separation continues with ever increasing potential differences
between elements of the cell, with elements of adjacent cells and the
esrth below. Other «cells 1nvolved in the storm are also executing
this process at different states of charge.

When a sufficieni state of charge is reached, oxygen between these
charged bodies begins to ionize as & result of the strong electric
tield, forming pockets of higher than normal conductivity in the zir.
Point discharge currents or corona may be observed from the tipe cf
tall objects as the process continues. Seamen often reported the
crackling socund and bluish glow of this phenomenon as 8t. Elwo s
Fire. Hair will often stend on end during these conditions as a
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warning of Jmminent danger, Une story told in lightning circles
involved a group of teen-agers found dead atop 2 knoll in one of our
national parks. Une youth was found with a camers which contained
film of the others posing with their hoir  stending on  end. This
tatal warning had not been iweeded.

Once sufficient breakdown potential is achieved, & feintly visible
current known as a step leader leaves the cleoud on its journey toward
earth. Forking and branching occurs as the leader follows the
pockets of ionized air zlong a tortuous path.  This ig a relatively
slow process involviug a number of milliseconds.

Upcn nesring the earth, on upward streamer rises at a point near
ore or more of the approaching leaders. Tall cbjects within range of
the leader are usually the first to generate a streawmer, explaining
why lightning rods work and why towers and cother tall structures
receive a great deal of lightning. Once the step lesder and upward
streamer join, e highly conductive path 1is established, setrting the
stage for the final scene.

Acting as a geood electrical path between the highly charged cell
and earth, the lightning channel carries extreme amounts of current
in an attempt to neutralize these charge difference. This current,
kitown as the return  stroke changes from near =zere to values up to
several bundred thousand amperes over a pericd lasting only
micreseconds.  The {lash is bright and highly visible {cr milea. Air
surrounding the channel is heated and expands a2t supersonic specde,
resulting in a leud clap of thunder. Heard clese by, the reporrt
sounds like & sharp crack. At greater distances, a rumble is bheard
due to the varying times of zrrival of sound from dirierent parts oi
the channel &nd acoustic attenuation of higher frequencies by the
atmesphere.

After the imitial discharge, areas of the cleoud and earth depleted
of charge by the strike are quickly filled by rvemsining charge ip the

surrounding areas. With the lightning channel sti1ll well
established, the process repeats itself until sufficient charge has
been equalized to inhibit the process. These subsequent return

strokes cceour im rapid succession with up te ferty four recorded in a
sivgle strike. Our natursl persistance of vision, rrestricts us to
viewing the first and subsequent returu strikes as cne event.

Thus far we have discussed only cleuwd to-ground strikes and have
paid little attention toe inter cleud and intra cloud discharges.
These events occur in the same manner as described, but between
charge centers of the same cell or between neocrby charge cenlers of
adjzcent cells. This activity occurs more f[requently chan ground
strikeg, however, the only threat posed by this cloud to-cloud
gctivity is from radiated electromesgneric fields.



We sre occasicnally asked if lightming ever strikes irom the earth
upward, & process just the reverse of normal. This type of strike
dees cccur, however rarely, wusuully triggered {from a tell stack or
tower to a charge ceunter mnesr the tep ol & thunderstorm eell.
Currents associated with this phencmenon are nernally larger tham
those found in a comwmeon strike.

Figure 2 1is a compllation

1000 ¢ T e of recorded dats produced by
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Figure 2 - Lightuing Intensity however, Chey do cccur and
(Courtesy SRl Internsticnal) must be dealt with.
(Menle Park, Ca)

The second lightoing  mechanism  of concern  involves the

electromagnetic erergy radiared frow the lighining channel during the
iirst and  subsequent return strokes. Qur physics instructors taught
us that changing the {low ¢f current im a cenductor would couse o
proportienal change in the magnetic field arcund the conductor. We
s#lso learned that any wire plsced in  this changivg field weuld
produce & vwvoltage acreoss its  length proportional to the rate of
change. And sc it 1s with lightning.

Figure 3 describes the electromagnetic Ireguency spectrum radisted
from a typical lightping chapnel. Much like san a powerful AM radic
transmitter, this energy is radiated through space and iinds the pany
antennas which are our wiring systems. While driving between cities
at night and listening to a weak AM radic statien, 1t is common Lo
hear crashirg scunds from lightning great distences away.

Reviewing the figure, we find the erergy contsined in this field
to be inversely related to frequency. This explairs why lightring
interference {(and wost powerline arcing interierence) has «
propounced effect on communications at lower frequencies while higher
trequencies are virtually inmuwe.
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Figure 3 - Electromagnetic Radiation normalized to a distance
{Courtesy ERI1 International) of ten kilometers. The
(Menrnlc Park, CA) strength of the electromagnetic

field radisted from a lightning
channel bebaves according to inverse square law., Conseguently, it is
quite easy to see thal extreme f{ield intensities will be present in
locations clese to a strike.

As « fipal wote, 1t is important to understand the behavier of
cormcnly used cable shielding materials exposed to this energy in the
very low freguency spectrum. Perweability and thickmess of the
shield material die¢ ol idncreasing importance at lower frequencies,
Aluminur foil and copper braid shields, familiar to us oll, periorm
guile poorly. Earth cover at normal depths is also inefiective in
preventing these fields frowm entering our wiring sysiems.

EXE‘{“I'} ence hius shown that

interest in Jightuning and
praotecticon of eguipment  and
syetems from dumege varies in
proporiicn Lo the level cof
Lightning exposure. Gther
facteors such a5 sveten
importance and cost alsc come
irte ploy. The fcollowing
figures reriect clear
dif{erences in thunderstorm
activity im various parbe of
the world.

Figure & Averzpe Thunderstore Fipure 4 i¢ commnly relerred
Davs in the U.S. Lo ag ap 1goCerraunic map,
{Courtesy N.O.A. A} depicting the aversge nunbes
of thundevstorm deyse ifor
variocus lecaticons  throughout the U.S. Technically, & thundersiorm
day is "a day on which thunder is  hesnrd™. This semewhat primitive

nethod of quantiiying lightning risk does not sccount for multiple
thunderstorms occurring during the same day or for the nusber of
lightning earth discharges which cccur. It is important to note that
values reilected in this type of chart are regicnal averages. in



many areas, local pockets which range zbove and below the mean values
may be fTound as the result of features in local terrsin and the
micro-climates they create. It is interesting to note that this nap
is used in risk assessment for structures and also tends to reflect

the level of interest of the general population in lightning and
surge suppression.
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Figure 5 - Thunderstorm Activity in the World
{Courtesy World Meteorolegical CGrganization)
(Ceneva, Switzeriand)

Figure 5 provides thunderstorm dsta op a glebal scale.  While
central Flerida, with over 100 thunderstorm deys per vear, leads the
United States in lightning, it is easily outranked by countries in
the tropics, especially where mountainous terrain ie invelved.
Lightning in regions of high thunderstorm activity is not necessarily
any more intense than im otbher areass, there is simply more of it.
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Yage" this display date causing

strike indications

to shift in

coloer with the passaze ol time.
ixamination of this colervized
data provides not only an in-
dication of where the storm ig,

{znd Los Alemos Nat 1. Labs) but wlsc the direction in
which 1t 1is wmoeving. Most of
the United States is served by sueh sgystems for such purposes as

otection of hazardous

eurly detection of forest fires and to aid in pr

ordinance facilities. Much of this information is available to the
peneral public, in fzct, wany television stslions vse this data as
part of their weather forcasts. Acrivity indicated in [ligure 6
represents coverage ol the state of New Merico during o pericd of
approximately two hours. The many wmwerks are ground strikes,
distinguished by the system from cleud to-cleud asctivity using

signature recognition techniques.

PARYF 2 FUNDAMENTALS OF PROYECTION
Liphtning &nd protection of our equipment from its eliects is a
matter of increasing importance in today ¢ world of electronic
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systerm of grounding, bonding

znd surge suppression is utilized. For example,
protact & cormon  television receiver which
120VAG line znd served by cable television.
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is cperated Irom the
were to cut the



power cord in half, cut the antenna cable in half, tie all the
resulting metallic ends together under a single connector and wake
sure the set chassis was well i1solated from ground, the set would not
work, however, protection weuld be assured. In this case, if a large
surge potential  was seen on the power cord, the same polential weuld
be seen on the antenna ipput. Likewise, @ surge on the cable input
would wlso be seen atl the power terminals. Much like the bird at
rest on the high voltage power line with no petential difference
across his body, the set sees no potential difference hetfween its
external circuits, no current flows through the set and no dancpge
OCCUYS. It is obvicusly impractical to bond different types of
sctive circuits permanently together to achieve protection. What is
required is a method of providing a temporary bond between services
during a surge and allowing the circuitry Lo return to  its normal
state aifterward. This temporary bondirg is the principle behind
surge suppression.

Ideally, 2 properly protected system would censist of & network ol
equipment, interconnected by signal carrying csbles, and connected to
power and esrth ground at only one point. In the reuzl world,
however, our electronic systems typically cover medium to large
geographic areas of a building or site, coften with many connection
points te the electrical system and t¢ lecal grounds. To achieve
cleser to an ideal situation, 1t is necessatry to break the system
into groups or "clusters" ol equipment for the purpose ¢f protection.
Each cluster is then trested as a small sub-system with locolized

grounding and protection. A cluster may be comprisec ot & lerge
group ¢f related equipwent dtems within o =single room or small
bujilding. It may slso be as

small as an individual iten of

B = IR + Lidi/dy eQUipgent. ?he reusen for
bresking o system into smell,

Where: clesely  located groups  of

I = cwrrent in amperes equipment 1is relsted to the

R = conductor dc resistance in ohms

h A ) evformanc i conductors uue
L = conductor inductance in henries pes ree  ©f concuctors used

di = change of current in amperes f(‘l" b(*n(ijllzg eqll.."},‘faieﬂt snd Slllflg',e
di = change of time in seconds {risetime} suppressor groundes  togeiher.
. Remenber, we are Lrying to
Assuming: 1 ¢ . e .
conductor length = 16 meters egqualize the potential seen
conductor material: copper acress external Wiring
conductor size = #6 AWG terminals for the system and
total DC resistance = 013 ohms pcor  performance  of  bonding
total inductance = 10 microhenries ; -
current = [,000 amperes concuclors will atiect our
risetime = | microsecond abhility te do this.
= (1000, %.013} + .000010 (1000/.000003 - - .
E'wﬁ3 N IGG&J ( ) Figure 7 describes  the
- \ . .
£ = 10013 volis method ol calculating bonding
conductor performance uncer
typlgal lightning surge
conditions. In deeling with
Figure 7 Bonding Conductor lighteing transients, &nd
Performance diiferences in ground



potential betweew varicus parts of & site, structure, or building, we
find curremts with magnitudes of many thousands  of awperes und
risetimes which may be as short as  one microsecord. thider these
conditions, dnductonce  of  bonding  conductors becomes the criticad
factor 1o determining voltage diflercuces  in our  bonding svetoen
These  conducters, in combipation with  surge suppression doevices,
equalize potentials seen betweer various wiring terminals ol our

syctem. Making the conductors larger will reduce the resistance of
the circuit, however, the effect on conductor inductance will be
wipimal. In our example, the thirteen volts produced due te the

circuit resistance might be reduced te only a few velts, but the
1¢,00U0 wvolts produced by the inductance will remzin wvirtuslly
unchanged .

One coumod wistake fcund in grounding and bonding systems involves
placement of insulated grounding and bonding conductors in metallic
conduit. In our example, we used an inductance walue of one
microhenry per meter for our bonding conducteor. When placed in
conduit, this value rises to approximately 71 microhenries per meter,
making the situation much worse than before. Reczlculating the same
example based on this new inductonce vealuve of 715 microhenvies yields
an overzll voltage drop el over 700,000 volts! In other words, long
bonding conductors, or those installed in metellic conduit  might as
well  be non-existent  for purposes of surge suppressor bonding ond
Lightning grounding.

In wview c¢f the preceding discussion on  bonding  conductor
performance, 1t becomes apparent why syetem equipment must be dealt
with ir small clusters rather than trying to yun extremely long

grounding and bonding conductors. Another frequent gource oL
lightning damage {urther reimforces this point. Suppose ler &
mirnute, we are atlempting to protect a system with eguipwent divided
between equipment rooms in two buildings. These buildings are

geparated by some distance with only system wiring in between. Power
for each building is referencing the lecal building ground system at
each end wwhitch provides a mel grounding resistance ¢! iive ohms.

One rainy afternoon, one of the two buildings (or the building
ligntoning protection system) receives aun average lightning strike
current of 20,000 amperes. This current f{lcws inte the lccal five
ohm building grounding system, causing a net rise in this ground
system and everything connected to it of approximately TUG,UUU velts.
Everything excvept the signal lines leaving the building and
referencing the remote ground of the other building. Under this
cunaition, & lsrge currenmit mey be expected to exit the lecal
equipment on its way to the remote building ground and damage to
equipment &b both ends of the site cable mcy be expected. Thie
scenaric 1S  rather ¢implistic, bowever, we see this type of damage
frequently 1im the data eoviromment where & variety of remcte
peripherzl equipment 1ie connected to a central computer via large
expanses of cable.



PART 2 . PROTECTING THE CLUSTER

Specific wessures for protection of equipnent will invelve the
fellowing steps:

A Tdentity equipment te be diucluded within eoch protected
cluster. Equipnent tor a cluster is wsually locoted within
the same room. In some cases, equipment such as o remcte

terminal and printer must be dealt with as a separate cluster
due to physicsl distance from the main cluster and reference
te locel ground.

B. Establish a "window” &t the cluster s & point of entry and
exit for 8!l power &nd signal wiring. This window should be
no wore than a few feet in any dimensiocn.

C. Create a single point ground reference at the window location
for ell equipment within the cluster. Care should be
exercised te ground equipment within the cluster ONLY to the
single poirt ground st  the window. All other stray ground
conuections should be eliminated.

L. Provide ground connections from  the single peoint "window"
ground to the building structure, exrth ground, the
electrical eystem ground and  other points oulbside of the
cluster as desired.

E. Install surge suppressors on all power and signsl circuits as
they paseg through the cluster window.

The steps outlined above make use oI ¢ number of important
principles. First, by keeping the equipment clusters small and
providipg power and signal line suppressicn  at  one  point, the
inductance of surge suppressor bonding conductors ig minimized
affording better control eof potenticle. Alse, since a single point
grounding system is used within the cluster, the risk ¢! lightning
currents flowing through the cluster and betweenr equipment are
minimized, égain leading to better control of potentials. Lightning
surges attemptiug to enter the cluster on power or sigpal lines will
be diverted inte the sipgle point ground and {low only through
conductors leading to structursl and eorth ground. Since & path to
ground dees not exist through bonding conductors serving equipment
within the cluster, protected equipment items will remain at the same
relative potential as their suppressors and the ringle point ground
and vo damage should be sustained. The 'ground window' concept
described herein has been used with a bigh degree o! success for many
vears in telephone central coffice practice.



PART 4 - SUPPRESSION DEVICES

Most  Surge  suppressors  1n

technologies. First among these

comon use today vtilize three basic
are  the sparlk-gap devices which

break down as  the applied voltage potential exceeds the breakdown

rating of the device. These devices
ynits with one element connected to

are packaged as two element
the protected «circuit and the

other to ground, or as three-element units which protect a conductor

pair. In the fhree-element
conductors of the pair with
pround.

GAP
GAROUND ELECTRODE

WSLLATOR

£NO SIDE
SCHEMATIC
TYPICAL 3-ELEMENT GAS TUBE
END SiDE SCHEMATIC
YYPICAL 2-ELEMENT GAS TUBE
T T T
— GAS TUBE FIRES
i AN - GAS TUBE
w N EXTINGUISHES
P R
= .
-d
el
>/ \

TIME

TYPICAL GAS TUBE CLAMPING CHARACTERISTIC

Figure & - Gas Tube
Suppressor

extinguishes at a lewer wvoltage than

two elements are connected to

remaining element connected to

The three element device
offers the advantage of
clamping all three elements
together during either 8
differential {acress the pzair)
or common moce (egqual  surge
poetential on both sides of the

pair) surge at the 8 ame
instant. Gas lLubes are capable
of conducting Very high

currents and provide reasonably
pood life. Gas  tubes operate
by egtriking aun arc within their
envelope. Ionization of the
gas  within the envelope nust
oceur before this arc can be
established, in mwuch the same
way that ionization precedes &
cleud to-ground dischurge
during a storm. Consequently,
much of  the energy 1in a fast-
risetime surge wavelorm can be
"let through” by the gas tube
before 1t operates, Once
cperated, ¢ gas tube comes
wvithin a lew volts of providing
@ dead shori across its
terminals. It zlero
the peint at which 1t bresks

down. When used in a power application, these factors may cauce the
tube to continue conducting after the surge has passed, s the result

of normal line voltage oun the circuit.

Usually some lorm of limiting

resistance (valve element) eor circuit interrupting device is provided
te permit the tube to extinguish once it has performed it's task.

Figure 9 indicales the internal constructicn and packaging ter 2

typical metal coxide varistoer or MOV.

These units are comprised of

cne cr more walers of sintered zine oxide particlee which, in their
P s

fipal configursticn, provide a

[

nen- linear resistence characteristic
which wvaries with applied wveltage.

During processing, boundary



lavers are created Dbetween

SILVER ELECTROPLATE partjciesg providi{:g a

relatively high resistance

a@q*“%&?@f?é@??““E under conditions below  Fhe

| vated breakdown vwveoltage of the
device. As  applied voltage

MOV INTERMAL CONSTRUCTION ingreases zbove the device
breakdown rating, these

e — boundary lavers begin to break

: | down & a rapid rate causing
§ E more  and  more current to flow
§ i through the device. Once the

event has passed, the varistor
returns  to normal condition
TYPICAL MOV BACKAGING : provided its pulse/lifetime
rating has not been exceeded.

SCHEMATIC
AT GENERAL ELECTRIC VIZOLAIGA Since turn-on  1s a rather
[ ] r—vOLTAGE gradusl process, these devices
(N are considered to be vwvery fast
N k- CURREN T 160V/ DIV VERT. . -

1QA/DiV VERT. acting in response Lo & surge.

10us OtV HORIZ. :

Varistors, however, do  not

8 L :

X 20us TEST WAVEFORM provide a  high degree of
TYPICAL MOV CLAMPING CHARACTERISTIC control over surge voltage. As

the amount of surge current
incresses, the clamping voltage

“igure Y - Metal Oxide Varistor  also incresses, making use of
Suppressors the device questicnable for
cituations where dbsolute
clamping levels are desired, Varistor suppressors used in power

applications must  also be fused since they tend Lo fs1l partially
shorted and may beat to high levels.

The last element in widespread usage for surge suppiession is a
specialized foram of the silicon avaelanche or zeper dicde. Like the
zener diode, these uwnits when installed between the protected circuil
and ground, begln conducting vigorously when their breakdown rating
is achieved. Une common series of devices, ¥nown as Transzorbs {an
acronyn: for trensient absorber) wutilize the same technology as
conventicnal zener diodes but on a wuch larger scale.

The Transzorb dicde provides & very hard clamping characteristic
and reccts at speeds on the order of 2 few mpanoseconds. Internaily,
the dicde jJunction area of these wunits 1s mnuch larger than a
conventional diede and heavy gilver plating is applied o both sides
¢f the Jjunction. The silver serves to provide uniform distributien
of current acress the junction and to act as & means fcor conducting
heat away from the semiconductor materizl. Large external heat sivks
will not be found on these dicdes as you might expect for devices
rated at several thousand anperes. The reason for this is the
extremely short duration of most surpes and the relatively long time
required for surge generated heat to migrate through the packaging.
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{9399 % SILVER SILICON JUNCTION At first 1t would seem

BARRIER AND METALLURGICAL that =ilicon avalanche dicdes
B N
e : are the maglc bullet for surge
suppressioe croviding {as
seanszoRa ™ CELL CONSTRUCTION Uppression, provicaing fast

response ond an almost absolute

clamping  level independent of

(o MiNBAUM DIAMETER R

e TENeR current. This would be so 1
POLARIZED .
JUNC TION these unils WeTe not 50
036" 5 sensitive Lo damage from
= u
B1PQLAR

cverexposure to large currents.
One manutfacturer has addressed
thiig issue by  connecting
sometimes hundreds of devices
rated at 1500 amperesg each in &«

[l s7ANDARD 2ENER Citte -
T D013 PACKAGE
SCHEMATIG

STANDARD TRANSTORE'™ Cuip-
BO-13 SALKAGE

JUNCTION SIZE_COMPARISON. ' series/parallel arrangement for

— power sapplications, At am

RATED BREAKGOWH VOLTAGE aversge cost of §3.00 each 1m

T " quantities of 1000, this can

/ N A} ) TRANSZORS IS A iead to guite an expensive
iy AEGISTERED TRADEMARK .

F - 2&§mmAaxmmwmmwa SUpPpressor. bthgr manufac?ur»

3 — : ers have successiully combined

g these diodes with metsal oxide

TIME —rreme

- varistors for power applicaticn
TreicAL TRANSTORB™Y LUAKFING CHARACTERISTIC

spd with either MOV's or gas

tubes for sgignal line

Figure 1 Silicon Avalenche applications, The component
SUpPPrESSOrs combinations uwtilized in these

"hybrid" suppressors use a high
energy element 1n the {irst stapge to deal with mojer components of
surge eneryy, and a solid state second stage to provide the {fast

response and  sbsolute clamping required for protection of many
circuils.

PART 5 -~ POWER SURGE SUPPRESSICN ASSEMBLIES

Protection of the electrical system serving a delicate apparatus
or system 1s best approached using a multi-stage appreach, toking
sdvantage of the natural inductance found in our building wiriag
systems, During cur discussion on boending conductors we found that
long lengths of wiring, especially when wmetellic conduits are
invelved, effectively resist the passage of lightning surge currents.
When providing surge suppression, this can werk to our advantage,

Typically it is wise te provide surge supprescion at  the
electriczl service to a buildierg which will limit surge petentials to
a value below the impulse breskdown rating of the interior wiring
system. This breakdown vslue has been found to be approximately 6UUG
volts on systems with nominal line to ground voltages below 60U
veolts. This protective level will also afford protection for most
motore, lighting lixtures and other durable equipment. Most

13



suppressors of this type connect with relatively small conductors
between each phase cof the electrical service and the system neutral.
A smaller suppression element is provided between neutral and ground
for those applications where neutral and ground bonding 1s not
provided &t the service location. Since these devices bridge across
the electrical service mains, 3L 1s extremely important to keep the

suppressor leads short, and in

nc  case should they be run
i through metal conduit. Since

T o PHASE . :
these devices are intended to
clam ine to neutrral surge
{ © PrASE B 3 Pl ; 23
potentials, any inductive
veltage drop in the ds
; ST : tdge arzp o '1ea 8 X
1 KEEP LEADS SHORT 18 irect y a 1tive te the
R ekt e - ;_1/‘;35;; rated clamping voltage of the
: ) b unit. Figure i i
LAMP Kz LMEY representative of 2 typical
[ 1 .
: } SETVICe SUPRressor.
: e SERVICE
! Ld 1 SUPPRESSOR
Do st H The suppressor ghown in
G KEEP LEAD SHORT figure 11 utilizes one or nore
g REUTRALS large  metal oxide varistors
between easch active phase and
ELECTRICAL SERVICE . . s e,
L EnounD the sybtew neutral CondgLLOI.
: These wvaristors are typically
rated to withstend a single
impulse current up to 25,000
Figure 11 - Typical Service or 65,004 amperes depending
Suppressor on the specific noedel selected,

however, they will tolerate
hundreds or even thousands of smaller impulses, depending on the size
of such pulses. Fusing is provided to remove a fziled varistor from
rhie circult and light the indicater. It js pot uncommon Lo see &
varistor with a 25,000 ampere impulse rating protected by a rthirty
aupere fuse. Fuses melt according to a time/current curve and the
brief duration of the surge does not permit the fuse sufficient time
to open. Steady current irom & falled varistor will, however, cpen
the fuse. One word about indicator lampe and surge suppressors.
Some manufacturers preler Lo see g lamp placed across the protective
suppressor element so it will 1lluminale as long as Lhe suppressor is
healthy. Others choose to place the lamp &scross  the fuse to
illumirate only when there is a problem. The wersl te this story is
that if vou see & three phase suppresscr with all lamps lit it js
either 2zl good or &1l bad.

Secondary suppressors, normally lecated at the "window" to each
equipment cluster provide wuch tighter clamping acticn, but with a
reduced tolerance Lo surge energy. The natural limiting action ot
indoctance within the building wiring system effectively limits the
surge exposure these devices see, lengthening their lifespan. Figuve
12 1= & typical example of z hybrid power suppressor.

14



GROUND .‘ R, . .
"LINE Ihe h}b};g éta{wnnlry POWeT
e -(T ~~~~~ 4 suppressor  uttilizes s larpe
E “ . varistor tirst stuge elewment
! g ; H oyrd s ; .
; twee ne and neutral wa <
J E ) between 1ine EI(_H{UtI?} with a
T . secondary varistor element
: | RECEPT. between neutral and ground.
% : The mneutral to-ground clamp is
1
! necessary to control neutral
¥ - B
I to-ground petentials during a
—————————————————————————— o+ . N ) -, .
? NEUTRAL building ground potential rise

TyPICAL 120 VAC HYBRID EQUIPMENT SUPPRESSOR ~ OF due to veltage drop in the
nevtral caused by zctuaticn of

the suppressor itself. The
figure 12 - Typical Hybrid Power  second stage consists of &

Suppressor stack of bipolar silicon
avalanche devices between line
and neutral. If the first and second stages werve connected directly

in parallel, the dicdes would attempt to de all the work until they
were destroyed, leaving the wvaristor with virtwally nothing to do.
The inductor between the stages is an air core device weund with #12
or #14AWG  copper wire to a value of approximately 10U microhenries.
The veltage drop across this device Jimits secend stuge exposure by
virtue of il's inductive wvoltage drop  and preperly coordinates Lhe
two stages.

PART €& . SIGNAL LINE SURGE SUPPRESSTION

The methods used for signal  line surge suppression  are quiie
similer to those used for power application, beowever, fectors such as

inserticon leosg, capacitance, and leakage resistance  wmust  be
censidered., Also, since wmany cignal lines connect directly to rather
sensitive circuitry, operating speed is o1 major concern. Hybrid

suppressors are normally used in this applicetion, with either gas
tube or metal oxide wvaristor {first stages and silicon avealaunche
second stages. Separation between stages is accomplished using small
values of resistence or inductance.

Packaging for =signal line suppressors ie¢ varied and depends
lergely on  the type o0i circuit requiring protection. Telephoune
suppressors cften take the {crm ol their elcer carbon spark gap
predecessors to  permit direct plug in replacement with a mere modern
technology. Suppressors for date line applicaticen will clten bLe
equipped with stendard cennectors whicn permit simple inmsertion inte
the dats circuit. Units designed for protecticn of cowxial radic or
date cirvcuils are zlsc available.

Quite often, signal line suppressors will be used in combinaticn
with a power suppressor for protection ol rewmcte equipment such as &

personal computer cor dats terminal. When using sultiple suppressore

15



for this  application, it 3=

mey result due fo laillure of
Lhe suppressors to Lrack each
cther during @ surge on either
the power  or doto circuit. To
OVE Y COome this probiem and

HO0T™
POLARIZED

@

extremely Tmportont L

inferconnect the groeund

terminal  of  both  suppressorvs

o7 i ® with a short lead. 14 such

e 9? BIFOLAR _% a intervcoennection is not

b T : Ty accomplished, or it the length

E & {% me f @ % of the . intercommecting

& L L o conductor 1is  teo leng, damape
o B - :

A,i}“@___

control the lengih ot the
pewer to-daota bending

:

conductor, geveral
aagnulccturere are packaging
hoth  power and data (or power
snd  telephome) suppressore in
tbe same housing., One word of
wisdow concernipg signal line
Figure 12 Typical Signal Lipe SUPPTESSOTE 18 approepriate.
Fybrid Suppressors No matter how corvelully you
anplyze veur clrcuits there
will alwavs he cne which exiibits a total resentnent of convenltienal
surpe supprescicn  devices. it is good practice te procure g sample

BFROTECTED

;

UNPROTECTED

suppresser for such special civeuils befove ovdering i bulk.

PART 7 SUMMARY

The surge suppressicn tundementals discussed bereir  are universal
in vature  and spply  ecually to a varilety ol sye The cbjective
It &nv sUrge suppreseicn  system is be provide contvol of potential
difiervences which may appear between vericus circurts leaving en itewm
ol equirpwent or cluster ol such iftems. As we heve learped Tryow our
discugsicn GO ground potential rise and wiring systewm irvductance, I¢
i¢ quite jmpossible to control the rise of such potenticle through
grounding alene.

In  the gpages which icllew yeu will tind & senple generic
specificaticn covering a veriety of sgurge suppressicn applications.
The practices cutlined ic this specification arve consistent with
those discussed in this work and may prove wuseful In your surge
suppression  endeavors. Prezetices are ale¢ discursed fcor special
bonding using copper €trip o @ bonding material in those existing
lecations where power end cignal circuitry camnot be brought clesely
together for the purpose ol epplying surge suppression  as these
wiring systemg epifer the cluster.

16



A tist ol relevant surge suppressicn  standards practices and
publications is also provided fer the berelit of those who wish Lo
delve inte  this subject in greater depth.  Sources ol cataleg daty
from most ol the pijor domertic surpe suppressien nooulacturers bave
beep provided,

Lightning is a powerful snd scmefimes sisunderstood phenomencr and
there is still much to be learned ol  its nature, Once  this energy
enbers our wiring systems, however, 1t manifests iifself &ae &
pradicteble electrical sigpal. And Jlike cther cignale wihich we dezal
with on a doily basis, it too ez be controlled.
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IEEE & ANST Standards

TEER  Standard  TPest  Specitications  for Varister BSurge- Protective
Dovices, ANST/TEEE Std. €62.33-1987

TEEE Standard for Surge Arrestevs for AC Powel (ircoaits
ANSI/IEEE Std. C6Z.1-1984

IEEE Guide for the Protection of Wire-Line Communication Facilities
Serving Electric Power Stations, IEEE Std. 487-1980

IEEE Guide for Messuring Earth Resistivity, Ground Impedance, and
Eurth Surfsce Potentials oi a2 Ground System, ANST/IEEE std. &1-1983

1EEE  Standard  Test Specifications for Low Voltage Air-Gap Surpe
Protective Devices, ANSI/IEEE (62,47 1981

IEEE Guide for Surge Voltages in Low-Voltage AC Power Circuits
ANSI/IEEE C62.41- 1980 (IEEE 587)

JEEE Guide on Surpe Testing for Equipment Copnected to Low Voltape AC
Power Circuits, ANST/IEEE €62.45% (May =till be in approval cycle and
unreleased)



Other Publications

Cuideline on Klectrical Power For ADP Installaticns
Federal Information Processing Standard 94

Naticnal Technical Information Service

Ug Dept of Commerce Springfield, Virginia 22161

Surge Protecticn Test Handbook
Keytek Instrument Corporation
12 Cambridge St., Burlington, MA {1803

Lightning Protection Guide for Radioc Communications
PolyPhaser Corp.
P.G. Box 1237 Gardnerville, Bevada 89410

Lightning & 60HZ Disturbances at the Bell Operating Co. Interface
Technical Reference TR-EOP-C00G01, June 1984

Bell Communications Research

435 South Street Morristown, NJ 07960

How to Identiiy Powerline Disturbances
Drevetz Technologies, Inc.
P.0, Box 4019 Edison, NJ 088184019

Handbook of Design Requiremnents and Practices for Protection From
Lightning Induced Effects, TM-667

John F. Kennedy Spece Center, NASA

Kermedy Space Center, Flerida 32899

A Discussicn of Lightning Protection for Electronic Process
Instrumentation, Bulletin 3H3E900G7
Fischer & Porter Co. Warminster, PA

Rural Electrificaticn Administration
Telephone Engineering & Construction Manual

Section Title

801 Electrical Protection Fundamentals

805 Subscriber Station Protection

816 Elect. Protection of Central Cffice Equip.

815 Electrical Protection of Aerisl Cable

216 Electrical Frotection of Buried Plant

520 Open Wire Protecticn

£21 Multi-Pair Wire Protectionm

822 Electrical Protecticon of Carrier Equipment
822 Electrical Protection by use of Gas Tube Prot.

For REA  Practices contact John Arnesen, Asct. Administrator,
Telephone, USDA/REA, l4th & lndependence, SW , Washington, DC 20250
(202) 382-9554
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PART

1

SAMPLE SPECIFICATION

SURGE SUPPRESS1ICN, BONDING & GROUNDING

- GENERAL

1.01

A,

B,

APPLICABILITY

Surge suppression, grounding and bonding requirements
outlined herein shall be fully applicable to all electronic
systems which are provided as part of this contract under
this division. It is intended that surge suppressors,
grounding and bending provisions as described herein be
provided for easch system or device by the contractor
installing  the  system or device. Under certain
circumstances, Surge suppressicn devices, bording and
special grounding wnay be required as provision feor owner
provided systems or equipment. Specific requiremente for
such additional surge suppression, bonding, and grounding
will be indicuted on the contract drewings or described
elesewhere in this specification.

Surge suppression  for each building service and tor ponels
and switchboards which suppert electrical clircuits which
leave the protected confines o: @ building shall zleo be
required. Technical reguirements and imstellation criteria
for these devices 1s included in this secticon to insure
ceordinatien of varicus levels of  surpe Ssuppressicn,
however, i1t is intended that thege devices be furnished and
installed by the electrical contractor.

Surge suppression, bonding and grounding shall be reqguired
on electrical and electronic systems apparstus residing
outeide the cenfines of z protected building. Pole mcunted
lighting, lcudspegkers, devices meunted cn fences, and fire
alarm circults conmecting to ackflow preventers are
examples ol these types of devices. Devices meunted on the
exterior wall ol g protected building belcw the rootf line
shall be considered as being within the protected building.

Requirements ¢t  thie section shall be fully spplicable to
systeme turnished under other divisicns when 7reference is
made to  thig  sectien, Reterences chall be by cecticon
number, nome, or botn.



.02 REFERENCE STANDARDS AND PUBLICATIUNS

AL

1.03

16

A,

T

The {cllowing standards and publications are reterenced in
various parts cf this sectien and shall apply to this work:

1. ANSI/IEEE C6..41-1986 (IEEE 567) Guide for Surge

Voltages in Low-Voltage AC Power Circuits. For
purpoeses of this specificaticen, category A and 3
exposures shall be ae described. Category C enposure

shall be assumed to be similar to category B in terms
of surge waveforms, however, maximum voltage amplitude
shall be assumed to be ten kilovelts and maxioum
current amplitude shall be asgumed te be rCen
kiloamperes.

2. ANSI/IEEE €62 31-1977 (IEEE 465.1 1977) Standard Test
Specifications for Gas Tube Surge Preotective Devices.

3. ANBI/IEEE C6Z.1 1984 Standard for Surge Arresters {95
AC Power Cilrcuits.

4. ANSI/IEEE C62.32- 1981 Standard Test Specifications for
Low-Voltage Air Gap Surge-Protective Devices.

5. ANSI/IEEE €62.33-1982 Standard Test Specifications lor
Varistor Surge Protection j}ev1ceq

6. ANSI/IEEE Stendard 81-1983 Guide for Measuring Barth
Resistivity, Ground Impedance, and Earth Suriace
Potentials of a Ground System.

7. Lightning and 60 Hz Disturbances at the Bell Uperating

Company Netwur&_lntnridce Bell Communications Research

Technical Reference TR-FEOP OGLuUT, Tesue 1, June (684

ANST/IEEE stenderds may be obtained frow the Insvituie of
lectrical znd Electronics Engineers,Inc. 24b East 47th
Street, New York, NY, 1¢017.

Gualified surge suppressicn and equipment wanufacturers may
cbhtair & copy of the Bell Communications Research Standard

through o Bell Opervszting Company representative. This
document iz zlso on ifile at the Engineer s otiice for
review by interested parties. Permicsion o copy this

document has net been greonted

SYSTEM PERFORMANCE CRITERIA

Surge suppressicn, grounding and bending veguired by this
specifiication for protection of electronic systems cehall
eifectively protect the esyvtems to which it is wspplied

egainst lightring and cther surge transients throughouts the

i3
IS



3.

16718

useful life of the system. Surge suppressicn  devices and
related grounding and bonding systems chall be desipned and
installed in such & manwer  that vormal  operstion ol the
system is nol dmpaired dae to dnstallation of cueh devices,

Caleulations  for suppressor pulse lifetine ralings shall
ssaume the devices are installed 1in areas ol medium
exposure when such devices are instslled in ANSI/IEEE
62.41-1980 categeory A or B locatiems. Devices in category
¢ locations shall be considered to be in an ares of high
exposure. Frequency of  surge occurrence  and surge
amplitudes shall be as outlined in this standsrd with a
required mipinun suppressor lifetime of filteen years.

Electronic system equipment shall be protected by dealing
with esch group of related devices as 2 "cluster"” of
equipment snd protecting &ll metallic circuits which enter

end leave the cluster. The cluster may be as large &g a
computer room, control room ¢r equipment room or  as small
as an  individual ecuipmert cobinet. For vpurposes of

catablishing maximum size, #11 equipwent within a protected
cluster shall  1all within a circular area of rot greater
than twenty-five feet in radius around @ commen point.  All
metellic circuits entering and lewving the equipment
cluster shall be prouped tegether st a common  point not
larger than four by eight feet in dimension znd protected
with one exception. Circuitry which 1s  supported by
equipment within the cluster end extending beycend the
cluster to serve devices wiihin the building shall not
require protection provided &ll cof the fclleowing conditions
are met:

T. Circuitry i enclesed within fervous metal conduiti.

2., MNo wiripg wilhin the rzceways containing such circuits
extends beyvond the contines of the buzlding.

3. No connecticen 1s made between this wiring 2nd conduit
groupd ocutside of the protected perimeter estublished
fer the eguipment cluster.

4. All devices connecting to  such circuits shall Lhove ne
connections to conduit or other grounds cor uther power
sources outside the perimefer establisned for the
equipment ¢luster.

5. All wiring te devices (and circuitry withic devices)
must be insulated from conduit and other grounds to a
minimun impulse breskdown level cof SGOL (five thousend)
volts or greater.



All eguipment chassis within a protected equipment cluster
sholl be effectively isolated lrom stray grounds and bonpded
only to a ground bar at the suppresscor  lecatioen Jer the

cluster. The ground terminals of the suppressors
protecting the equipment cluster shall also connect to this
bar using & short direct route. The ground bar for each

equipment cluster shall intercomnect with easch ¢f the
fellowing external grounding systems:

1. Electrical "Oreen-Wire"  grounds  serving equipment
within the cluster.

2. The building metallic structure at the closest point.

3. The nearest point of attschment to the building cold
water piping system (it metallic).

1.04 SPECIAL REQUIREMENTS FOR COUNTERPOISE CONDUCTORS

A,

Where mon- ferrous metallic cenduits or direct burial cables
are used for electronic systems circuitry extending between
buildings, or {rom buildings to various points on the site,
counterpoise conductors shall be installed. This
requirement shall be met on all such circuits including
those instelled in non- ferrous metzllic ducts which are &
part of a designated duvct bank.

Counterpoise conducters shall be #4  AWG solt  drewn bere
copper installed a minimum of ten 1irches above single
conduits or duct banks of less than thirty six  ipches in
width.  Wider duct banks shall be equipped with fwe such
conductors spaced a minimum of ten inches ebove the duct
bank ard ten inches in frowm the upper ocutside corners.

Counterpoise conductors shall be bonded together (where twe
conductore are used) and to a 20 0" driven ground at each
of the following leocations:

1. At 100 foot intervals along the duct bank or cenduit.

At changes in direction greater than 47 degrees,

o

3. At esch manhole, pedestzl cr pull box.

4. At each building termination.
&
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.05

A

HET700

Secondary bonding of counterpoise ceonducteovs shall  be
provided at each of the fcllowing locationss

1. To belecw grade perimeter bondirg conductore installed
around buildings a2z part of the building lightning
protecticn system,

2. To fencing or other sbove grade metellic structures,
where counterpoigse conductors pass beleow or withino
three feet of the fence line cr structure.
Counterpoise  conductors  routed in parcllel with
metazliic fence limes which fall within three feet of
the fencing shall be bonded fe the fenmce at 211 ground
red lecaticns (100 foot intervals).

3. When counterpoise conductors terminate at ¢ building,
conductors shall be bonded to the pecrest major steel
structural element (steel structural systews } or to ap
exothermically  welded pigtaill  extending {rom main
reinfercing bars in the building feoundaticon (reinicrced
concrete systems).

SPECIAL CABLING REQUIREMENTS

Cabling  extended beyend tne protected condines of  oa
building, either direct burial or enclesed iIn non ferrous
conduit shall be designed tor direct burizl in ¢ high
Lightning envirooment.

Cables shall be expected to carry signilicant potentials
sssociated with the direct or induced effects of lightning
and pretection from pinhele  shesth demape  and subeeguent
elecrrolytic actien shxll be provided.

Cable design shall include ¢ met:zllic shield and bigh
density polyethylene cuter Jackei. Fleoding cowmpound shall
be provided between Lhe  Jackel and shield to heal pinhole
jacket penetraticneg resulting from lightning, Stendard
direct bhuriasl telephome czbles and CATV cables are
accepteble fov thie applicatieon,

SPECIAL REQUIREMENTS FOR EXTERIGR PCLE MOUNTED LIGHTING

Exterior pole mounted lighting iixtures enull be equipped
with & surge suppressol desigped for such applicaticns.
One suppresscr shall be instaltled in  the bandhole of erch
pele base for each lighting civcuir serving fixtures on the
pcle.

Metzllic poles shall be provided with a 2 - 0" driven
grounding electrode installed &t the base of the pole.

5



This electrode =zhall be bonded to the pole, the Ygreen
Wire" electricel ground, and to the surge suppressor ground
lead with a #6 AWG bare copper conductor.

¢. Concrete poleg shall be equipped with surge suppression and
grounding as gescribed for metallic poles. In lieu ot
bonding to the pole, the #6 AWG copper conducter shall be
extended internally up the pole and shall be bended to euch
fixture. If the pole extends higher thun the lighting
fixture, the #& AWG greounding conductor shall be extended
in a strzight, vniform wanner to a height ol twelve ijuches
zbove the top of the pole.

1.07 EAEMPTION FROM EXTERNAL SURGE SUPPRESSION REQUIREMENTS

A. It is recogrnized that equipment snd system wmanufacturers
are beginning to address surge suppression  ag zn inherent
part of their equipment design and it 1s the intent of this
specification to permit the wuse of such equipment without
requiring supplementary external surge suppression.

B. S8pecific exemption will be graunted for such systems and
equpment  upor  yeceipt of documernted tests  from  the
manuiscturer certiiying the ability of the equipment or
syetem Lo withsfand cemmen and ditferential mode surges on
all metaliic circuits using levels and waveterme deccribed
in ANST/IEEE C62.41 1980 and o2 extended in the stendards
paragraph of  this sectioen. Pulse lifetime snd withutand
refings ior equipment  shall  be certiiied buased on the
appropricte  categoery of exposure for & medium eor high
expoesure locuticm as appropriste  to the location in which

the equipment wil] be installed.

. Exposure lor circuits which conpect to telephone company
lines shall be determived {rom the Bell Compmmications
Research Srendard listed hereimn. Frequency of surge
occurrence shall also be determined from this standsrd.

D. Surpe suppressicn fornished as  an  dutegral part of the
equipment or system egnall be designed for ¢ useful lifetine
of iifteen years under conditicns of exposure ar cutlined
in the spproprigte standerd.

ey

Grounding  and  bonding provisicns degcribed herein shall
apply to all equipment which is internally protected by the
equipwent manufaciurer.

F. In sbsence oif & more reletive stundard, ANSI/IEEE C6HZ. 4]
1980 exposure categories and waveelorms shall be uiilized in
determining protective requirements {for  both  power and

6
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signal wiring.  The branch circuit wiring systems providing power (o
various electronic sygtems sre quite similar to signal witing in

terms

ol topography and electrical characteristics which determine

their ability to propagate surge euergy.

1,08

A

MANUFACTURER QUALIF]GAT1ONS

ALl surge suppressivn devices shall be marufactured by a
company wnormally engaged 3in  the design, develcpment, und
menufacture of such devices for electrical and electronic
syctems equipment,.

The surge suppressor manulfacturer shall offer factory repsir
service for 21l non-encepsulated ascemblies and replacement
for all encapsulated unite.

A1l surge suppression devices and supporting components shall
be guaranteed by the installing contractor to be free of
defects in wateriales and workmenship for @ period ol cne year
from the date of substantial completien for the system fo
which theé suppressor is attached.

Any suppressor  which shows  evidence of failure cr incerrect
operation during the worranty period shall be repaired or
replaced at  ne expense {o the Owner. Sirce "Acts ol Nature!
or similar statements include toe lightoing threst to which
these guppression devices will be expused, #nv such clause
Itmiting warranty responsibility in the generol conditions of
thig speciiicaticn shall not epply te this secticn

SUBMITTAL

surge suppression devices shall be submitted as &n integral
part of the equipment submittal for the syetem or equipment

which they protect. Surge suppressors and their wiring,
bonding, end grounding ccmnections shall be indicated om the
wiring disgrams for each systen. Equipment grouped in

clustere for the purpeses ol protection shall be indicated on
the drawings by cluster ond 2all bonding and grounding
conunections for the cluster ghall bBe shown.

The surge suppressicn submitial shall also Include, but shall
not be limited to, the {cllowing additicnal date:

1. Complete schematic date  fer  each suppressor type
indicating compounent values, port nunbers, conductor
sizes, etc,

2. Dimensicns tor each suppressor Lype indicsting mounting
arrangement and required accessory hardware.



PART

Z.

1
i

]

AL

B.

C.

¢
Z

3. Manufacturers certitied test data dodicaving the sbility
¢! the product o wmeet or exceod reguitements ol thrs
speciiication.

4. & non- encapsulsted sample of each suppressor type to be
used for  testing and evaluation. Il requested by the
wanufscturer, sample will be held cont!idential unless
cause 1s found to suspect that actual devices furnished
do not match ssmple. Samples will not be returned.

o, It is recognized that certain manufacturers do not wish
to divulge the contents of their products. Under these
conditicns, and in lieu of the required sowple, the
suppressor manuiacturer may submit  ceriified test datg
from & recognized independent testing laboratery
indicating compliasnce with  each element of this
specification,

~_PRODUCTS

SUPPRESSURS FOR ELECTRICAL SERVICES

Surge supprescors  shall be installed or each normael ond
emergency electrical service entering and leaviang ¢ building.
Incoeming service suppressors shall be instelled ot the {irst
switchbeard, paenelbosrd, truansfer switch, etc. the service
encounters a6 it enters the buillding. Suppressors shall clso
be required on  esch switchboard, metor control center, or
panelboard which provides power te other buildings or exposed
equipment on the site. Exposed equipment chall include pole
mounted lighting, liit stations, gate operators fov fences,
and other similar devices which are exposed to the direct
eftects of lighining. Rooi top ventilating equipment which
i properly bonded to the building lightning protection
systen or to a cleose meicr member of a steel structural
system ig exempt from this regquirement.

Suppressors  shall be clese nippled to  the device being
protected in a pesitien which will wmwinimize lead lemgth
between suppressor and the buses or circuit brecker to which
the suppresscr connects. Suppresscr  leads  shall not be
extended beyond the suppressor manufacturers recomuended
maximunn length without epecifiic approval ¢f the Enginecr.

In 3 phase, 4-wire or 2 phosey, 3 wire wye configuraticns,
suppressors shall provide clamping action between each phase
copducter &nd the system neutral. Irn such lecations cther
than the building nain electrical service (where neutral and
ground ore bonded), additicnal clamping acticn  shall be
provided between mneuiral and greound. Suppressors in delta
wired locations shall provide clamping {irom  each phas

&



2.02

conductor to ground.

Suppressors  shall meet or exceed the Jellowing minimum
criteria:

i. Single impulse withstand vationg: 65,000 Amperes (8 x Zu
ug waveform)

2. Pulse lifetime vrating (16,0060 Apperes & x 20 us):
U0 occurrences.

3. Maximum Clamping voltage and energy rating (voltage with
input current of 10,000 Amperes & x 20 us):

Normal Applied Max. Cleamp Energy

Circuit Voltuge Veltage Rating

120 Volts 566 Volrs 660 Joules

248 Volts G40 Velts 1080 Joules
277 Volts 1000 Velts 170 Joules

480 Volts 2000 Volts 165G Joules

(Energy rating @ 10 = 1000 us waveform)
4, Suppressors shall be listed and Jebeled by a recognized
nableonal  testing leberatory  and approved for the

lecation im which they are installed.

5. Visitle indication o  suppressor faitlure shall  be
provided.

SUPFRESSORS FOUR EXTERIUR POLE MOUNTED LIGHTING

Each pole ncunted lighting fixture shall be equipped with a
surge suppressor designed for such applicetions. BSuppressors
gshall be installed with externsl in lire fusing tc rewmcve the
suppressor and its associated lighting fixture(s) from the
circuit upon failure of either the suppressor or fixture.

Suppressors shall be provided to mutch the cpercting veltage
of each c¢ircuit end shall meet or exceed the following
criteria:l

. Single impulse withstend yating: 23,000 Amperes (& » 2¢
us wavelorm)

2. Pulse lifetime raoting (10,000 Amperes 8 » FU ue):?
Z ocourrences.

3. Maximum Clamping voltage snd energy rating (voltzge with
input current ot 14,000 Awperes & x [0 us)e



B.

Normal Applied Max. Clamp Energy

Circuit Volrage Voltage Rating
120 Velts 700 Volts 220 Joules
240 Volts 1250 Volts 366 Joules
277 Volts 1400 Volts 390 Joules
480 Volts 260¢ Volts 550 Joules
(Bnergy rating € 10 x 1600 us wavetorm)
4. Suppressors shall be listed and lsbeled by o recognized
national testing laborstery and  approved fer  the

locaticn in which they are installed.

POWER SUPPRESSORS FOR ELECTRONIC EQUIPMENT

Each item of equipment provided under this contract and
connected by line cord or direct wired t¢ the building
electrical system ghall be provided with a three stage single
or multi phase hybrid suppressor. Fusing chall be provided
which removes the protective elements from the circuit upen
failure. Visual indication or leoss of cutput power shall be
used to notify the user of device failure.

Quppressors shall be rated for & wmirioum of  125% ¢f their
continucus electrical lead. Suppresscrs for cord connected
equipment shall be equipped with standerd NEMA cordsets one
of which 1includes a welded grounding receptacle and the

other, o melded prounding  plug. Suppressor  shall  be
irstolled in sevies with Lhe power cerd  for  the protected
equipment . Where severul items ol equipment azre grouped

within the same cluster ol equipment, <one suppressor may be
used in conjuncticn with properly sized grounding plugstrip
to serve the equlpment.

Suppressors for direct wired ecuipment shall be identical in
internal design te the unit described fc¢r cord comnected
applications, however, protected screw termitels suitable tor
termination of solid copper wire shall be used fo¢r wiring
rerminationg. Une suppresecr may be used toe  support several
equipment cabinets provided all  cobivets are located withirp
the same equipment cluster and the maximunm connected lcag
shall mnot exceed eighty percent of the reted suppressor
capacity.

Suppresscre  shall be constructed with &« phenclic nen
flammable extericr housing with provisions for mounting to
the intericr of equipment racks, cubloets, or to the exterior
of free standing equipment. Suppressors shall be constructed
as three stuge devices. The tirst stege shall  includge 2
high- energy veristor clemp between line and pneutrsl and from
neutrsl to ground. The secend stage sball consiet of series

ic



7.0

air-core inductor installed ian the lYipe conductor{s) to
properly coordinate the acticn of the first and third stages.
The third, fast zcting, bhard clamping stape chall consist of
z network of silicon avalanche bipelar dicdes between the
peutral and line conductor{s).

Minimum suppressor performance charccteristics shall be as
follows:
1. Maximum  single impulse line- to-neutral current

withstand: 15,000 Amperes (5 2 20 us waveilcrm)

2. Maximum  single impulse  neutral-to-ground  current
withstand: 10,000 Ampeves (8§ x 2U us waveform)

3. Pulse lifetime rating Category B worst case current
waveform (8 x 20 us @ 2000 Amperes): 40 cecurrences

4. Pulse lifetime reting for 200 Ampere (& x 20 wus
wavelorm}: 10,000 occurrences

5. Woret case response time: Five Nanoseconds

6. Worst case (Maximum Single Impulse Current Conditicns)
clamping voltage: 400%  of nominal phase- to-ground RMS
voltage.

7. Initial breakdown voltage: 200% ¢t nominal phase- to-

ground RMS veltage.

SUPPRESS50RS FOR SINGLE CONDUCTOR PRUTECT1ON

Suppression devices for eingle conductor protection shall be
provided dn multi-circuit pluggable peckages suitable for the
circuitry to Dbe protected. Unite for protection oi dats
circuits whichk wtilize stondard connecter condiguratione
shzll  be equipped with connectors which ipstall in series
with the data cable to the protected equipment. Units
intended for use with individual wiring condvcteors shall be
equipped with accessory terminal biccks or strips suitsble
fer the type of wiring being used. Suppressor: installed
outside of termimal or equipnent cabinets {except «t
designated terminal boards) shall be provided with a bousing
approved fer the lccation,

Suppressicn for each circuit shall consist ol & two element
gas tube first stage, 2 serles isolesting element, and &
gilicon avelanche second stage. Resistive limiting elements
may be wused where the wvoeltage drcp acress the series
resistance has no eliect on c¢ircuit operzlion. Inducrive

11
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series elements may be used on other circuits to eflectively
pass DU or low [requency AC currents while limitiug passage
of fast risetime surge waveforms. Silicon avalanche devices
sholl be designed for surge suppressar applications and shall
be polarized or bipolar as appropriate {or each circuit.

Minimum performance criteria {each circuit) shall be as
follows:

1. Maximum single impulse conductor- to-greound  current
withstand: 25,000 Amperes (8 x 20 us waveform)

3. Pulse lifetime rating Category B worst case current
waveform (8 x 20 us @ 3600 Amperes): 10 occurrences

4. Pulse lifetime rating for 1CU Awmpere (10 x  10GDO us
waveform): 1,000 occurrences

5. Worst case response time: Five Nanoseconds
6. Worst case {(Maximum Single Impulse Current) clamping

voltage: 200%4 of pormal coperating voltage smplitude and
polarized or bipvler as appropriate fcr each circuit

type.

7. Initial breakdown voltage: 150 percent of normal
cperating veltage peak amplitude plug or minus five
percent.

8. Capacitance: Capacitance for DU er low f{recuency lines
shall not exceed 2000 picofarads measured line to ground
at the rated dicde breskdewn voltage. Suppressare

intended fer use on high frequency or high baud rare
circuite shall be designed for wuse on such lines.
Capacitance of such uniis shall be equated to egquivalent
cable feet based on the type ot cabling used for the
particular circuit. The sum ot equivalent cable leet
for suppressors and actual cable foolage shall not
exceed menufccturers recommended maxinmun values for the
svetem on which these devices are installed.

9. Circuit compensation: Any gdditienal  circuit
compensation {gain or  equalization) required  to
compensate for the insertion of surge suppression

devices rhall be provided zs part of this contract.

SUPPRESSORS FOR CONDUCTOR PAIR PROTECTION

Suppressicn  devices for conductor poir pratection shall be
provided in multi circuit plugpgable packages rfuitsble leor the
circuitry to be protected. Units for protection of data
circuite which utilize stendard comnecter configurztions



shall be equipped with comectors which install in servies
with the date coble Ebo  the protected equipment. Unite
intended for use with multiple wiving puirs shall be equipped
with an accessory terminal Blecks or strips suitable for the

type of wirving being used. Single pair unite shall be
configured as encepsulated units with wire leads or scrow
terminal wiring termimations. Suppressors ivnstolled cutside

cf  terminzl or equipment cabimets {except ot designated
terminal boards) shall be proevided with o bheousing to aiford
physical protection for the surge suppression modules.

Suppression for each peir shall consist oi @ three-element
gas  tube first stege, oan Isolating element in series with
euch conductor ol the pair, ond o gilicon avalanche secend
stage. Second stage clomping shall  be proevided acress the
pair lor diffeventisl mode protection sud irem exch side of
the pair te ground for commen mode protecticn. Resistive
limiting elements may be used on  low current circuits where
the effect of voltage drop acress the series vesistance has
no effect on circult operaticn. Tnductive series elements
shall be wused on higher current circuits te efiectively pass
DC or low frequency AC currents while limiting passage of

ast  risetime gurge waveforms. Silicon avalanche devices
shall ke designed lor surge suppressor appliceticons and shall
be pelarized or bipolar us approprizte for eoch civeuwit,

Minimuni performance criteria  (ezch circuit) =hall be as
follows:

i. Maximur single impulse conducter to-pround  or conducter
to conducter current withstand: 25,000 Amperes (& 2 20
us waveorm)

2. Pulse lifetime rating Categery B werset  case current
wavefcrm (8 » 20 us (@ 200G Amperes):  1U ocecurrences

3. Pulse 1lifetime rating for 100 Awpere (10 x 106U ue
waveformi: 1,000 occurrences

& Worst case response time: Five Narcseconds
G Worst caese  (Maxinum  Single  Tmpulse Curierit) clemping

veltege:  200% of normal eoperdting voltege amplitude ond
pelerized or bipolar 28  appropricste  for each circuit
type.
6. Initizl breckdown wveltage: P28 percent of opormal
cperating voltage peck amplitude plus or wmipus {ive
percent.

8. Capacitaonce: Capacitance for DU or low ifrequency lines
shall pot exceed TCUL plcolareads messured line to line

1z
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or line to ground ot the roted dicde breakdown velroge.
Suppressors intended fcr wse on high frequency or hagh
buaud rale c¢ircuits shall be designed {or use on such
lines. Capacitance ©f such wnits shall be equuted te
equivalent cable feet besed on the Lype of cuabling used
for the particular circuit. The sun of equivalent cable
feet for suppresscrs and sctual cable fcotage shall rot
exceed manufacturers recomnended maximuw  velues for the
system on which these devices are installed.

2. Circult compensation: sny  additicnsl circuit
conpengation {(gain or equalization) raguired to
compensate  for the imserticn o©f surge suppressicon

devices shall be provided as pert of this continct.

COAXJAL SURGE_SUPPRESSION DEVICES

Coaxial surge suppressors shall be configured fer use on
radic and television antenna, video, data and other services
utilizing o ceaxial format. Attenustion and  return loss
asscciated with esch suppression device shall be included in
all system performance celculaticons aud compencated for
secordingly.

Suppressors  shall meet or exceed the [fcllowing ndninun
requirements:

1. Mounting: ALl devices shall be tlange sounted. Where
multiple suppressore are used In g commen location,
flanges rhall be =secured to¢ & commen ground redl.
Devices installed in through wall jostallaticne sholl be
{lange wmounted to a  1/6" alundrvus hulkhesd panel which
serves Lo clese  the wall openiep  ond  provide  an
etiective ground for 1l suppressors,

2. ITmpedance: Suppressger impedance shall be 56, 75, or 93
ohms e appropriaste for the systen being protected.

3. Cormector type: Conrtectorg on  suppresscr input and
output shall be type ¥, BNC, UHF, or N tc mateh
cennector type on protected equipnent.

4 Return lcss: Supprecsers  shall exh:bit retvrn loss
charscterisiice of 2648 mirimum (VSWR 1 1 to 1).

5. Inserticen Less: 4.2 dB moximunm

£. Bandpass: Video suppressore shall provide @ bandpars ¢f
PC te 15 MHZA Suppresscre for other civeuits shall be
selected with  3dB points on fregquency vesponse at least
2 MHZ  above and below frequency limits tor tally
modulated carrier(sl. D snd lew frequency AC

14



conlinuity shall be provided as  reauired Lo support
cable puwered preomplifiers or other equipment.

7. Maxinure clamping voltape: 200Z o! messured maxipum
circuit peak to peak weltsge, bipoler during maxipun
reted current impulse conditions (8 x 20 us wavelerm).

8. impulse withstand rating, single impulse: 20,000 Amperes
(6 % 20 us waveform).

o
2
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G. Response time: 50 nancseconds or 1

10, Wectherproofing: Trest connector with Dow Corning
conpound #5 and enclese with sunlight resistant hest
shrink tubing when devicer are installed ip exterior
iccations.

1. CGreound isclation: Suppressors used ifcr video or other
ground leop  sensitive applications  shall be conlipured
ivn such & warner that  the shell  of the coaxial
connectors is  isolated from ground except during surge
conditions.  Internal cor external gas tubes may be used
ler this purpose.

BONDING AND GRCUNDING CONDUCIORS AND MATERIALS
Conductors utilized for surge supprescor bonding shall be g
mipimur: of #0 AWGE  sclid uninsulated copper unless ctherwise
specified.

Crcound bus or strip wmaterial shell be copper, & mivinum of 26
gauge 1n thickness and three inches wice unless otherwise
specitied. Bus materials mav be secured to surfaces with ap
appropriate mastic nmateriol cor wechenical lasteners. Bus
connecticns  shall be belted o1 Dbrezed and reinforcec s
necessary en thin bus material  to provide a8 permanest and
sgcure connectien,

Unless otherwisc specified, gl1 surpe suppression grounding
electrodes shall be 5/8" diameter copperweld rode, twenty
feet in length.

Connectors, gplices, and ciher fittings used to intercemnect
grounding conductors, bond to¢ equipment cr ground bors, shall
comply with requirements ol the Naticnmel Rlectric Code ond be
approved by Unuerwriters Laberateries ior the purpose.

Uonnectors znd fictings ior grounding ¢nd bonding conductors
shall be of the compressicn or seb screw btype in above grade
locetions. Connectione belew grade chall be excibermically
welded or brazed.



F. Bonding connections between electrically dissimilar metals
shall be made using exothermic welds or wusing bi metal
conunectors designed to prevent galvanic corrosien.

PARD 3 - EXECUTION

3.07 SEGREGATION OF WIRING

A. 411 system wiring shall be classified into protected and non-
protected categories. Wiring on the exposed side ol
suppression devices shall be considered vuprotected. Surge
suppressor grounding and bending conducters shall also fall
inte this category.

B. All wiving between surge cuppressors &nd protected eguipment
chall be considered protected. Isolated circuitry exempted
from surge suppression reguirements in  part one of this
section shall also be censidered protected.

C. A minimum of tbree inches of separation shall be provided
between parallel runs of protected znd unprotected wiring in
control panels, terminal cabinetsz, termival boards and cther
lecatiens. In no case shall protected and unprotected wiring
be bundled tegether or routed through the same condust.
Where bundles of protected and unprotected wiving cross, such
crossings shall be wmade at right ongles.

5,02 INSTALLATION OF SUFPRESSORS
A. Suppressors shall be instslled as clese  as practicul  to the
equipment to be protected consistent with available space.
Where space permits and ne  cede  restrictions  apply,
suppressors may be installed within the same cobinet «& the
protected equipment. SBuppressors installed in this manper

shall uvtilize the equipment chosesils as a medium tor bonding
¢! their ground termipals. Bonding Jumpers not exceeding two
inches in length sball be installed between the chassis and
suppressor ground terminals. Bolted connections with star
washere shsll be used tc insure electricel and mechanicsl
integrity of connections to the equipment chassis,

B. Suppressors shall be instelled in o pest, workmarlike manner.
Lead dressg shall be consistent with recommended industry
practices for the system  on which thece devices are
ipstelled.

C. Bonding between ground terminale ftor power and signual line
suppressors serving ¢ particular item or ¢luster ol equipment
shall  be kept as short as possible. Where practical,

suppressore shall be instezlled in & common location for the
cluster wiih their ground termivuls bonded clesely togerher.
For ipstzllations requiring sepsretion  between the varicus
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suppressor grounds  and equipment chassis within an equipwent
cluster, the following table shall be used to determine
bonding  conductor requitements (distances are measured
between most distant suppressgoer or chassis grounds ) :

BONDING DISTANCE MATERIAL

0 - 10 feet #6 AWG Bure Cepper (Solid)

10~ 25 feet 1-1/2" Copper Strip 26ga. Min,
25- 50 feet 3" Copper Strip 26ga. Min.
Over 50 feet 6" Copper Strip 26ga. Min.

Where terminal cabinets are used to house surge suppressors,
painted steel backboards shall be wused to serve as a low
impedance ground plane for bonding surge suppressor leads
together. Terminul boards used for the same purpose shall be
laminated with a single sheet of 14 ga. galvanized steel to
serve as a ground plape ior suppressore. BSuppressors with
ground terminals not imherently bonded tc the ground plane
through their mounting shall be bonded to thig plane using a
two inch maximum length ot  #12AWG copper wire and suitable
lug. Ground planes znd backboards shall be drilled to accept
self tepping screws, any paint in the ares of the bond shall
be removed @nd ster washers shall be used,

Supplementary grounding ond bendingp connections  required
petween the bonding bus or ground plsne for esch equipment

cluster and other locctions as indicated herein shall be

accomplished using #6 AWG bare copper conductor and approved

connections unless otherwise noted.

END (0F SECTION



