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R HANDBOOK

1,0 INTRODITION

Ths seope of rhis handbook includes introduction to NEMP effects
cn lines entering shelter areas and effects on equipments connected to
those lings.

Included {» & brief description of surge protection devices and systems.
Methods of selacting and applying NEMP protection are also included.

Thi{s hendbook is intended for use in assisting contractor A & R personnel
snd others responsible for specifying MEMP pretection of electrical and
eloctronic systems and subsystems in shelter areas subject to NEMP
hagards.

1.1 Wmm: The Nuclear Electromagnetic
Pulse (FZMP) {s one of many transient phemomsna caused by a nuclear
explesion. These phenomena include heat, fonising radiation (such as
x-rays) particle radiation, and {f the explosion {s in the atmosphere or

underground, a shock (or overpressure) wave.

This hendbook will be concerned only with the electremagrezic pulse in

the form of voltage and current transients as they appesar on any condwstor
poenatrating a shelter. It is sssumed that equipment is individually
shislded or installed in a shielded shalter so that the user of this hand-
book need not de concerned with transients induced directly into equipment
and systems., It {s further assumed that all conductors except grounded
leads entering the shelter are equipped with heavy duty lightning arxesters.
The wser is, therefore, not concerned with sslection of these first-stage
protectoxs, although he will need to know their charascteristics in ordex

to select and apply any necessary sdditional protyction.

1.1.1 e 288 A nuclear explosion geverates a
nassive net flow o c ntttc 83, oguivalent to a very large cerrent
in & long condector. In In.qy respects, this phenomenon is similar to a
sovers lighening discharge. As in the lightning dfscharge, the current
appesars as a sexies of extremoly sharp pulses. These current pulses
genoxate severe masnetic and slectric fields which propagate from the
source as pulsed radic waves. The energy iv thase puleod fields s
containcd {n a relatively brood band of froguenciss.

The changing meanotic f£ield will incdueca a voltza in eny conducting circuit
proportional to the rate ef chenge of the field end to tho nel aves of the
field enclocod by the circwit. The incucad voltece is roduced by sech
procticos es wsing twisted conluctors, metal eonduit, guard wires, and earth
burisl of tho circuits. In spite of thoce practicas, howaver, the indeced
voltege cen be dengerously high in the vietinity of a nucleer explosion whare
shock end temperature effoets could be withastood,

AP
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MNP BANDBOOX (CONTIFUED)

i.1.2 RlackEsesariasily | Surgess The slsstreatatic f£ield pulse
is directly related to the Waic fmw pules. It iméuoes a chsgge on
any condustor immorsed in 42, c=d ¢he cesowitieg cxvrezt {5 prepswtizasl €o
the zate of change of tho fiald for & given agnfuster eapstitanss. T
affacts sre medused by guaxd wires, shigiding, balsoeing, ol aazth dwwisl,
bot remsiu dangereusly high.

1.1.3 D 160 0o Cendusesas: Tho ABP pulse chapes sve desorided
in classified u&cmem haoz polee chepss ooy stretebed and cthozwise
drestically altered as thay pwpma ea vavdery csndwators. Poy cuseple;

on & low=leas transmisaton limo with peoy lopedsves melshing, o sxlsz ean

be intensificd ox can beceme & treir of sovesel pulace bzamss 3¢ pa~
flectiens. On lines with losses, the high Sxeccamy portiens will be

rodueed @' the pulse bacomas 1eee shaxp but 1aede for a lenger time., Alss,

on lev less lines, the straceirsd puice osan be trgnseitted 63 dmpaveno

levels for a distameze of sewaral tons of =iles,

Bince the charastaristics of NEMP pulose ars siuilser in Qualitetive wospeats
to lightning~induced surges, it {e lsgical to ecapest that noessossy lightnirg
arvestevs will incidentally giva scee dagree of MEE protacticn, We shall
sssume thet ''firot stage” or emtzimal iighteing sryvestsss ogs precent.

1.2

spien Armestaras The 6t cenksn puivavy
pmr diurlbuuan uco mruu in r.hs mago 2f 2.4 €0 7.2 KV linpete=
neutral or 4.16 te 12.5 WV line~to~lind ws uwdxinel voltsgos. Besecuve of
efficiency and other considerations, m22t pricayy diotributien 16 wyae
connacted 4-wire greunded meutral. Lightning arzestsys &ve conmactod
fren cach line to ground. To aminimige fnterrwpiiems by lightning curget,
the most common type of avvester on primcry discuibation linge 1o tho valwe-
type. This type imterrwpte the pewer~-feilew mxc at the fizst sevpeveltage
oxessing after the surge. Primery distridution arvesters ave plurod as
near a8 possible to trensformcrs end subotatiens te provide maxtcesn
protection o expansive equipment. Other armssters may de lsootod ot
periedic intervvals en the lire to proteet insululows. The typical primezy
arvostexr will firo at less thon three timae notwil paak voltege withis 6
fow micreseccnds end will discherge 50,000 exparen oy more for a fiow miilie
soconds at 200 - 300 volts or so.

1.2.2 D ‘ ¢ e b ) f t Beeondary distribetien
voltqwenomlyrmetzu vouwao,vithw:am‘rmu
tioas of eingle phooe avd tkm-phaae cervica. 8com cervicos éo not woa
a noutral wive.

In sc» ccoos primaxy dietribution may enter the sholter diroctly, end the
trenoforsary o7 ocbototion ead all cecendexzy distridation ©x7 do {n the
cholter. In this evont thore txy bo no cocondesy lichtainy exratlors.
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P BANDBOOK (CRITTIRED)

Although secondary distribution lightning arresters are available, many
pover dintridution systems do not use tham for lightning protection., It
shosld ngr be assumed, tharafore, without chacking that secondery acresters
aze installed before salecting additionsl ciresit protection againet XEMP

surges.

RBlcetrical charactexistics of secondary valve-type distridution arrusters

axe very similar to those of primery axresters. However, the spark-over
voltage (1200 - 1500 Volts typical) in standard arvesters has a much higher
ratio to normal pesk voltage thaniit does in the primary arvestexs. This
poses no problem for the distribution system, which is designed to withe
stand the swrgos. Hewever, {t does represent a serisus hasard to connected
utilisetion equipment. T protect utiligation equipment, it may be noeessary
to use special srrestexs or kybrid surge suppression networks. These axe
deveridod in anothar seetion of the handbeok,

1.2.3 Antanna Saaxk Gama: It is essential to protect exposed trans-
miteing anéd receiving antennas both against lightning and REMP-induced
surges. Bince the problen of power-follew {s not ususlly present on antemnas,
scme form of spark gep 1s usually adequate as the first stage lightning ex
ENP pretecticn. The first stage spark gap prevents insulator demage and
vestoras normal operation ap soon as the surgs threat has beson reduesd te 2
safe lavel. Additicnal stagee of NEMP protectien will be required to prevent
trangaitter or reeceiver dugnout or breakdown, RFI, and personnel hamard.

1.3 WW%&M&%&&% When Lt can
be avoided, no attempt should be made to provide individual surge protection

for each electrical or clectronic unit er eubsystem. This approach 1s both
costly and unreliable becamse of the difficulty of proper cooxdination. A
mxch more suceessful approach is to provide ome or more stages of surge
proteetion at tha peint of entry of each conductor into the shelter faaility.
Properly selected surge protectors will limit veltage transients to 1.5 times
notvwal peak veltage or less. This 1is sdequate to protect most circuit
components sgainst failure. Sewme sdditional protection may then de roquired
for umeually senpitive units, or to reduce RFI trxansionts in particularly
sensitive or cxritiecal cireuits, but this will be a minimm.

2.0 SUIRGR~FROTECTICN EIVICES ARD NITTNAKS

2.1 Sprxk C~1: The sparkover volicge of a spark gap 1s a function
of dislectric nmstarial, electrodo goomntyy, daroity, and wava shepe of tne
driving voltezse. The minimem practical and repeatable dec sparkovur
voltene 1s botwoen 200 end 300 volts. The sparkover voltaze for a trans-
fant 1o exch highor ad the transient rise tire becomes very emall. The
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KE{P HANDBOOK (CONTINEID)

spark gap requires spproximately the same total emergy to breakover for

any vave shape vhose crest {s well over tha de sparkover veltage and which
rises fast enough to break dewn the gap belere apprecisdle energy ean bde
diseipated. Tota) anexrgy is proportional to the product of veltage

and time. Therefore, the faster the voltage rises, the shertexr the rcsponse
time. If this relatienship is plotted as in Pigurs 1 , the resulting graph
1n a "volt-tims" curve. This constant-enezgy eurwe 18 chaxacteristic of
most {mpulse-actuated devices, including all typos of arresters, circuit
breaksrs, and fuses.

Lov voltage spark gaps must be scaled in a gas atmoaphere such as neon.
Spexk gaps operating in atwosphsric air will not operats reliasbly below
about 1,5 KV, Other techniques used to lewer sparkowsr voltage or to

speed respouse include use of sharp edges er points b electrodes, roductien
of gas or air pressura, use of radiocactive materials te icnise the di-
electric, and usz of an intermediate trigger electrode.

Once the spark gap flashes over, the gap voltaze {s clamped to the voltage
drop of the arc, typically 10 to 20 volts. Xf this {s less than the normsl
voltage, the gap will continue to arc and will be destreyed by heat or will
cause sexvice to be interrupted by a ciremit bresker or fuse.

The apark gap is semswhat more tolazant Ga & c¢ircuits. Since the applied
voltage periodically passes through gero, the arc will bo axtingwished and
will not re-strike if the fonized matarial betweon eloctzedes can clear the
gap before the voltage rises to a sparkover lavel again. On de circuits,
some suxiliary means mast alwsys be used to interrupt the azxc.

Simple ac spark gaps can be made self-axtinguishing up to perhape 250 volts.
Higher voltages require special tochmniques., Theso include confinement of
the arc in 3 tube with internal bafftes, or use of & magnetic ceil., When
the arc 1is confimed, the hoated gases are rapidly expelled from the tube,
This both cools and lengthens the axc, which fncreases the voltage drop

and {nterrupts the power follow current whan the applied ac voltage panses
near or through sero. In the magwetic cofl (er "bloweut'') arrester, the
magnatic field rescts with the arc and fereas it smray from the electrodes,

2.2 Wz The valve arrester, wdich {s in cozmon uee on
primary pewer disty fon linge, 19 a eimxple modification of the sperk
gep. In this type of axvester, a veaiotor {8 connected in cerice with the

spark gep. The rvesistor may o a non-linegr element such a0 siliecen cardida
or a hegvy noneinductive shunt type.
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The uog-linsar resistor hes thae chavactovietic survent reletiemship

1 = XV in which ] and V are the current and veltage drxop, vecpactively, and
ths expsnent n rangas iypically between 2 and &, K is a sharaecteriotic
constant of tha particuilar rasiater.

This relationship shaws tkat & voltage surge will, in effzct, wedusa the
resistance and allow hesvy current te flow te ground. When ths surge has
passed, the resistance rapidiy rises, and the weswlting veltage drep
quanches the pewer follow avrc. fSoxs manufacturers claim that a properly
designed nen-inductive resister is a more stable and repeatadls quenching
elezent, and wse this in their lightning azresters.

2.3 Gea Tillad Caps

2,3.1 @20 filled spark gaps have the advantage that the spariover volite
age may be made quite lew in & controlled manner, Sparkovaer volteges as
low & 100 volte are poseibla en a repetitive basis. In additien, this
type of gap cenbines very fast responss (less than .l u se¢) with bilateral
reoponso charactaristics. {Inly oo required to give bdipelar protectien,)

2.3.2 Gas fiiled geps have the dissdvaniage of & peor velt time tuwn up
characteristic. The tirme respunse te the de flashever veltage may be
eoveral microsscends. Aloe, comg type of gusnch civeunit ie roguired when
these devices ara used in cenjunetisn with pewdr line systems. The power
follew arc is net self quenching.

2,3.3 This type of gap is recosmended prinaciiy for signal ling
applications sheed of a filter ev ether highex cwder protextive devise.

2.4 fawiconductar Glrame aod Cxeahers

2.4.1 Sesicenducter devices such ae BCRs evd vardous typos of diedas eny
be used in cenjunction wigth ceaventisnal gape ard rone-lincar impedonce
devices te form ¢ffoctive low veolteps cl@atns civeuits. An emample of an
ECR cxew>ar ge shown in Pigure 2 . This cirvewit sporates in conjfunetion with
a conventional spark gap made by the Daie Manufastering Compeny.

2.4.2 £CR's (Siliscn Comtrolled Reetificre) cchibdbit the propesty of
oxiibiting & very high impodance in beth poleritias until a gate veltage
i¢ applied in a positive diveetion with vespret te the cathode. T
dovico will thon eoadwst &3 & cenwvontional diode entil forward bias is
zoaowed at vileh tima tha CZR rveturns to its bi-diroctional hleocking orate.

Cn o o e e
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KRP HAMDBOOR (CORYINURD)

2.4.3 Conventiocnal diodes exhibit a low !xpedance path w\wn fovward
biagsed. The volt drop in the forward directien is typically ) wvol:.
Conventieral diodes arxe useful in protecting agsinst xeverss polarity
transients on sisnal and dc lines. “They may also be used in & buck te back
configuration arroes recaiving antenna fgede for biepelazity pretostion,

2.4.4 The Zaner or Avalenche type diode ie similer tu tha conventiwnal
diode ir the forward bissod directficn. In the xaverse directivs, avalanche
diodes will begin conductien at a predictable low dc veltsge. Voltage
ranges axe &vailable frem 3 to over 100 volts in this type of davice.

2.4,5 The gas thyratron is a vacuum tube equivalant te the SCR. The
thyratren {s capable of withstanding very high voltages (saversl kilovelts)
and probably weuld not have advantages as a tyansient suppressor over cene
venti(nal spark gaps.

2.6.6 Tle semiconductor devices mentioned in the preceeding paragraphs

offer the advantage of having very luw resistance during conduction, Repeat-

tbility and reliability will bg emeellent as long as device ratings are not
exceeded., This type of device should be used as a componsnt in a hybrid
type errestor system and never as a primary arxestor.

2.4.7 Samiconduetor devices will have the following disadvantages which
ehould be censidered before employing them as transient suppressors.

2 A07 ] s 5 LR
ampesa devices will be neax the uaxtmun p:aetical oisn with & veasonable
zaopmses timwe,

20"’,0: 2 ~
8100 each 'cpanding on voltage rating.

Yede7.3  Unipolan Pes Jaly: Iwo ésvices must bo employed to
psotess aaaanat bipol&x transionea. (B=ception: "Triec” shewn fn
Pigura ¢ )

2.4.7.4

205 Eg"-;j

eguipmants susa as thoos with narzewband swocoptibility characteristacs,
and those which are unugwally ssnsitive to very low enexgy pulses,
(Computars, radio yeonivevs, inmstrumanietion, etc.). Whare a filter is to
be unod solaly or pzimapily for such XIMP cuppsession, it ohould have enc

i
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oz wore additional stagec of protectien, The purpose of the additiensl
stages (s to protect the £4ilter elements and to reduce the transiant to &
lavel wvhich the £ilter is then capable of fully suppressing without spuricus
reuponses .

2,6 B?“}' and Q;gm Bregkerat Electremechanical devices sheuld
ERX be relfed upon for protectien. Becsuse of the mass of moving
parts, raspense is far too slow for [EMP transient. Cireuit dreekers sge

net suitable bocause there {2 not ensugh sssurance that the series gap will
not arc and veclose the circwit on the transiewt, also, servies is interrupted
unnacesserily and the breaker will net respond fast enough L{f it is clectre-
mechanical.

2.7 Wx DC circuits are very likely
to employ sewmie tor vegs 8 or other proteetive circuits which are
very susceptible to line transfents. The presence cf polarized capacitors

such as tantalums, fnvites disaster if any significant reverse transients
sceunr,

This type of susceptibility suggsests the use of hybrid cireuits discucsed
eariier. Bpecial pewer intervept or quemching cireuits will be necessary
to raleass SZR's from pewaxr follew currents.

3.0 RINIFIE &7 IIETWATION CORDINATION

341 MWNMS Basic roquirements of insulation
coordination fexr lightuirng, , ox othexr types of sxyge pretectisn arves

l.1.1 Quickly isolate any fault to affect the minfimm fraction of the
pewer cr commmications system,

3.1.2 Clear the fsult as quiskly as pessible and restore tha system to
noroal operation.,

Surge suppressors as rveQuired for IIMP can be thought of a3 intentionai weak
inswlatfon peints fu tho system, When a surge stresses the system insulation,
a foult (short circuit or over current) develeps at one or mure of thece

wasl pofnts. COviessly, the foult will Do lees heymful {f {t diocharzos at

a spork gep which 16 loft undemeged then it 1is if it breaks & !ine insulator
and cenoes the line to burn down.,
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Perhaps less obvious, but vitally impertent, is the nccessity of colocting
the "weak points' (arrosters) e that even the wmomentary discharge foult s
confinad to the smallest possible part of the system. This zequires tbat
successive surge arresters and circuit interxupters aifocting lsrger portiomo
of & aystes respond move slewly than theso affecting smaller porticas,

This requirement hias 'to balance (or "trade off") cgainst the possibility thet
a severc surge near a major distribution point may be too attenusted to
operate the remote arresters ur interrupters snd could ceuse a major

syetem interxuption becguse the lucal protectiocn is set too near the insslae
tion faflure voltage.

4.0 APPLICATIONS OF SURGE PROTECTION

4ol Classificanion of Circull FPretestion Jimisg: Before any plan of
protecti~n can be instigated, it is first necossary to ascertain the charectore
1stics of the most wsuscaeptiblec plece of equipment in a given area. Fox theo
prupnges af this hamndbook, the assumption is made that the areas to he
protectod consist of con.plex shiglded encloamo cach ccntdnha a8 greup of
electxonic equipmnt of some typo. s : aglion ¢ :
) YO Thonouocnoittvepimo cqupmnt. inn;m
: e clase of pretection for the antirs shislded reom,
ﬁx.anmle‘ 1f a single room contaius a motor genorstor set, &
calrod reating system and en electronic couputex, the protectien schemes
will obviowsly Le designed to ascemodate the computex. For this resson,
it 18 wise to group cquipments with similar protection roguirements in the
same enclosure when peossible to reduce the munber of sdvanced protectien
systems required.,

i.r the purposes of ihe handbook, the leads penatxating a given enclooure
shall be divided intov three classes: AC powmx, DS pornx, Signal leods.
For each ene of these classifications, thres possibla lovels of protcetion
aro possible below first stage which is alreody assumad to exist. These
vill be known simply as second, third and foarth.

In each case, the amount of protestion ie indicated by the level, with
fourth being the most claborate possibie for a given situation. Figures
6 through 11 arc uscd to illustraete typical examples of eech level of
protection foy esch of the three classes of lines mentioned caxliex.

4.2 %mggggggion of Cizcuit Protection Limits: The tablc shown
in Pigure is an attempt tv classily; various types of equipments hased
cn the type of protection requixed for esch equipment. The infoermatlon
yresonted here 43 of a genoval natuve and, tharefozs, it is emphasismed

thet all gvailchble information for a spocific pieco of cquipmant chould
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4.3

d.3.1 The most impertant cemsiderstiom fex & given piece of equipcent
attashed e the pover ling is the charectoristiss of its peser sepply.
With regand o YR trangient swseaptibility, & Zew ebservatioms cenverning

pRoaz oxpolies mgy be made.

4.3.1.1  Powsr supplies of the 50 - 1000 N3 iine frequency shewld be
gvoidad. Thast wide vange pewsr supplies congair transformsrs with mwech
lomey loakage inductance than these of the 50 - 60 Na variety., The laakage
indectancs in ‘s powor transforwer will be instrumeatal in swppression

of Jreesisonts 33 this indwstsnes appeard in ssriss with the primsvy in

ths equivalent civeuit.

£.3.1.2 Power swpply susecptibility may be improved by adding a 1 uf
sopaeiter (non-polavised ssross cach of the sesendary windings of ths pewer
txenaforanr.) This cepusiter ferms an "L" type low pass filter with the
loakage irndvatance €ad further zedussez susseptibiiity to inceming trans-
ienta,

4,3.1.3 DPemmar suenlics capleying bridge or full wave rectifier ssseablies
ehiculd wss contrelied avalanche type disdes or vaswm tube dicdes. This
type of rectilication system ie much lese likely te suffer damege ss s
resalt of an ewvur voltego eonditicn then {e & esmweatiensl dicde assembly.

§£.,3.1.4 Ths terse "nolid state” wden applied te & power swpply wsually
roane that en eleetromic regulation schowe 1s azpleyed utilising transisters
end/ or integrated civewits. Becouse of the imherant sensitivity of selid
stetn devices to over-~veltage damags, it is immaerative frem a MEMP
traneiont otendpeint that the cenditions as stated {m 4.5.1.1 -~ 4,.3.1.3

be cdzerved vhanaver colid state reguletion is employed. Investigatisn of
thy type of pretaction employsd by menufesturers of solid state aquipeant
will voveal sema vory sdoQuate eyotems.

Poxr ancenlet VFairehild - Blostzo-Metrice Diviaien pexore their
R¥. sossivers on batteries continweusly, and tho AC pewar serply sorves
oniy to charge the batteries when porer is availedle. Sueh a ochema affords
excellent K2 protecticn; es tho entire AC powor supply could be demased by
@ temsiont end the oquipmont would contimse to cparate on battery pesar.
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b£,3,1.5 DC to DC converter protection

4,3.1,5.1 DC to DC convesrtexs eve susceptible te damage of ths "off"
stats transistor reselting from {nceming line transients. Such trensients
oppear in sddition to the "off" state V C2 which is nominally twice the

power supply line voltage. BSee Pigura 5 .,

4,3,1.5.2 The tramsient bwcking transformer described in Pigure 4

and Paragraph 4.4.3.2 in cembination with the capseiter across the {input
leads of the convarter should s a very effective transient suppressien
scheme. It is important, hewever, that tho low aide of the inverter input
not be greundad te the shiald or arrestar grewnd or the bucking winding of
the transfermsr will be shorted.

444 Yea of Raseive Iiicaxe for IR Rxetasiien:

4.4.1 Passive £fiters may be used ecffeectively against NEMP tranaziencs
on pewer line whan precceded by sems type of conventional arrestor. The
passive filter will essentially dand limit the cpectrum of the transient
and from this standpoint the requirements for the filter as stated in the
follewing paragraphs sheuld be considered.

4.4.2 Pilters for protection of equipments connected to 80 Ux, 115 VAL
commexcial lives.

4,4,2.1 HWhen moesured at full rated loed per MIL-STD-220A, filtexs
should have a £3 DB response to not greater than 1 Kis. Filtars mmst
excaed 100 DB frow 14 Kisx to 1 GHz for extreme rvating, 60 DB for severe,
40 I8 for moderste. Filters should empley gasheting on mounting surface
to fot{litate low impedance ground paths,

§.4.2.2 Filtoxs gat ewpley inductive inputs and capecitive outputs.
46,4,2.3 The input inductor in these filters should:

4,4.2.3.1 Dbe single sweep wound and employ cdeguate spreing botween
start and finish leads to withstand a 5000 ¥ trensient breakdowm test.

6,4.,2.3.2 have ites core tepad with suitedle {nswlating maoterial (pre-
ferably teflon tepe) to withstand 5000 VBC from the winding to tho core.
Cores should be pewdered iron or molybdemn pormalloy material.
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4,4,2,3.3 enpley haavy Forwsar ox heavy Bolderems wire caly, Lits wire
sheuld net te uwsad,

4.4.2.4 The eapeciters in these filtews sheuld be of the self hesling
wlax exr metalined wylsy eonstrustion aad sheuld have a Dreskdewn voltage
of not less than 630 ¥R,

4oh2,5 Potting matarisl shewld de high teupexsture (125°C) wax or heat
condustive epoxy. (Cils, emcept flame retardemt silicon oils, er feam type
materials should not be wsed.

4,h,3 Use of filtexs for pretection of equipmants attached te 28 VDC
powar lines.

4.4.3,1 Wz Filters shomld have chavecteristics
es stated in 4.4.2 emcept capatitecs meed enly be zated at 200 VDC.
BC filtezs should be procesded by spark ov gas discharge arrestord.

4,4,).2 DC lines alse be protested by transient busking tyamsfermmszs
connectad as in Pigure & ., This scheme is eopecislly effeetive in the
protection of BC to PC convexters frem burm out dws to V CE ever-wvolcage
resulting frem line tramsisnta, Adegmats lins to gresnd protesticn ohswld
be provided sheed of the transient busking tramsfermer.

5.0 RECOMENGED INMSTALIATION FPRAGTICRS
5.1 asiwn Rloasmaat of forss Pratastars:
Se.l.1 Swrge protestors shewld be (nstalled en the high voltage or

primaxy stde of poway distributien trencfermors vhenevor possidle. Wuen
this 15 dene the surge pretoster owtpet asplitués will be rodwced by the
tuyns ratio of tho trensformor.

50142 Use of eonotant voltege trenaformows after cescnd stese type
protection is xeccemmnded for recocens given {o 4,3.1.1,
/

5.2

50201 As ot ocoond end third eteoo typa puotdeotors ave of @ ling to
groead nature, Adoguate greeading of tha protaator {8 a euot,

5.2.1.) ~Protestors with tesminal zecncoticn groemds chewld ba groendod
with a uini— lon3th ccopox dradd euch oo etemodile bottory groemd esdls.
Groendieg thonid bo to tho chteld of tho chiollod exslocizo. Tho protector
ghould bo losatod evch thet tha groend lood lexgth doos mot eruoed 2 foot.

5.2.2 Grocnd locls oot bo of minicmm woolstonco od irpodomes. Coppor
or brass styep ox braid ciould Lo woed,
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MR RANOB0UK (CHNTIINED)

5.2,3 Crewnding of protecters sheuld not be to neuttals or ground
roturns. Greounded shisld walls or extecnal grewnd red systeso sheuld onliy
be used fer protestsr grewnts.

5,9 Exetastisa of Bamizals asd/ ox Cyvind Raskxag'

5.4 %x Pretesters should be located a8 elese teo
the psnetratien © in quettion threxwgh the shicld an pessidlo,
Scdo1 Protestors shauld be located e the {nside of the shielded
enclosure.

5.4.2 Proteetece should be eesily ececosible te pezsemnsl te engble
replasenmgut 1if necsssery.
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1.
2.
3.

4o
s.
6.
7.

1.

3.
4.
5.
6.

8.
9.

1.
2.
3.
b,
S.
6.
7.
8.

10.

CLASS 2 EQUIMENIS

EQUIFMENT DESCRIPTION

Motors - AC induction

lLamps ~ filsment snd fluorescent

Heaters, i.e. coffee pots, sireconditioning
equipment

Motors - sexies and shuntwound

Meters, Line voltage, Line frequenay
Isolating Motor Generator Sets

60 - 400 Hz convertars

CLASS 3 IQUIRENTS
EQUIRNENT DESCRIPTION

Vacwun Twba AC power supplies in generxal
Teletype equipment powor supplico

Yok LIIR

EEE88 BB
a [}
5 &

Transmittexr - High pewexr RF (over 50 watts) power supplies

Vecwum tube receivers « sll typss (power input)
Vacwom tube differential input circwite (signal)

S0lid state receivars with isolatien schemes swch as 4.3.1.4

Alagw systom power
Intercom power - vacuum tube
Telephone signal lines

CLASS 4 BQUIMENTS

Computer power - all types

Solid state power supplies in gemeral

Single ended or unbalanced coaxial system inputs
Computer~lino {nputs all types

AlsTm system control leads

Iatersite intercom signal loade

Antauna trecking systex power

Antanng tracking control leads

Rodar systewm power (and contrcl {f epplicedle)
Intarcom pover - solid state

F1GURE
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AFREDIX (CCITIINED)

ROIR: The foregoing classifications are based upon the "Severe"

thrsat level. 'Moderate" threat claseifficsation will gllow one etags

laes protection, i.e. oequipmants in Clase 3 mey be pretected with Class 2
protaction systems,

Bvaluation of specific equipments for classification should be done
vhgnever possible,

T AP
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1,

2.

3.

be

5.

6.

8.

9.

SUGGESTED SOURCES FOR NP
MOTECTION DEVICES

Joslyn Rlectronic Systess
Goslta, California

Rlectrons Company
127 Swssex Averne
Newvark, New Jersey 07103

Dale Klectromics, Inc.
Yankton, South Dakota

Motorola Semiconductars
Phoenix, Arisona

Genisco Technelogy Corporation
18435 Susana Road
Compton, California 90221

Spraugue Xlectric Company
North Adams, Massachusetts

Burnell and Co., lucorporated
Pelham Manor, New York

Cornell-Dubilierx
KNewark, Rew Jersey

Sangame Electric -
Blectronic Products
Springfield, Illinois

SXIE_OL REVACK AVALIABIE

Rybrids - AC and DC power
Rybrids - Signal line -
balanced and coaxial

Cas tilled gaps for
110 - 220 VAC

Spark gaps; magnetic blowout
Types - AC and DC pewer signal
and antenna lines

Solid state devices; SCRs
Zensx Diodes, Zenar Protectow
Assanblies for AC and DC
power lines

Filtexs: AC and DC power line
signal ling: ecoaxial
and dalamced

Pilters: AC and DC power lines
signel line: ceaxial
and balancegé

Filtexa: AC and DC power etignal
line < all types

Filters: All types

Pilters: AC and DC power

n3AP
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