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SW HAWBOM

1.0 IUtRODOTIOM

The scope of 'his hAndbook includes introduction to IM effects
on lines entering shelter areas and effects on equipments conneted Co
those lines.

Includ d is a brief description of surge protection devices and systen.
Iethods of selecting and applying NM protection are also included.

This handbook is intended for use in assisting contractor A & I personnel
and others responsible for specifying A protection of electrical and
electronic system and subsystem in shelter area subject to NIP
haxards.

1.1 Effects on El]€tricAl SysSM: The %clear Blectromagnetic
Pulse (LWAP) is one of many transient phesamna csased by a nuclear
explosion. These phenomena include heat, ionizing radiation (such as
x-rays) particle radiation, and if the exploaion is in the atmoaphere or
undetrground, a shock (or overpressure) wave.

This handbook vill be concerned only ith the electromagnetic pulse in
the form of voltage and current transients as they appear on any condwtor
penetrating a shelter. It is assumed that equipmont is individually
shielded or installed in a shielded shelter so that the user of this hand-
book need not be concerned vith transients induced directly into equipment
sd system. It is further assumd that all conductors except grounded
leads entering the shelter are equipped with heavy duty lightning arresters.
The user ts, therefore, not concerned with selection of these first-tease
protectors, although he will need to know their characteristics in order
to select and apply any necessary additional protiction.

1.1.1 A : A muclear explosion generates a
massive net flor of charged particles, equivalent to a very large current
in a long codceter. In uwx respects, this phenomenon is similar to a
severe lightning discharge. As in the lightning discharge, the current
appears as a series of extre ly sharp pulses. These current pulses
Conevate severe msnetic and electric fields which prop~ate from the
source as pulsed radio wars. The energy in those pulsed fields is
conteinod in a relatively brood band of freoquacies.

The chaning s3netic field will indue a voltce in any conacting circuit
proportional to the rate ef chacne of the field cad to the vat ares of the
field enclocod by the circuit. The induced voltmoo is reduced by such
practicos u using tvisttd conductors, twtel eonfuit, guard ires, and earth
burial of th circuits. In spite of thoese practices, howovrp the inducod
voltc3e can be dangerously high in the vicinity of a nucooar explosion vore
ehock and tooporature efftets cobld bo withstood.
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is directly related to the vawi field pulse. It Laems a ch&urg an
any 6eo4"tow imtd in Lto av the %%W1n3 Q== Me is 1miw to
the rate of athoWg of tba 912nU for a aiwem aa~wtr cantw 2Mh
effects anu medand by padvitaO, shildlno ba1~wains; wd erlk b=is1D
but remint danrwo~ly U0t.

on. 2 MW le* wpo ane Cuaesr,§
In e:Uweified liter~hture. TWO ouii b ba chetwohe an~ staewMthawvia
diratically altered as thbey p~W a a vwfp c£=SW.0tB. f'ov az 1
an a Lw-loe trausaisLion It" witb pa L&ev hkngaglt4
The iuntensfidor can boom a train of w al psi eas w of ft-
flectious. ft lines rith loosest the 1310 ft6VWPACY p=4tiek Will be
routed aktbe puls. beemsoa leo sherp Wt W"~t ftr a 1 WT timas Aa.,
on lew Uwe lines, the stree#W, psle ov~ be u~mmitted at 4aae
levels for a distan" of sevoral tons of atlas.

Since the ehataristics of N"P pule*@ awe GUALS in QiiUtative 19"t
to ligbtntng-iiduced surges, it is 1041,4a1 t~o eqet titat PAOGUY UtIu
ago.stWN will incidentally BIVt Ar 6apke of MWprOtectt" We ow~l

mom that "first Stage" Or .u2val lo~tvii* &Moten ane pyoteft.

1.2

pwr diotribtin tie operate in the watp of 2.4 to 7.2 KV line.-t.-

efficiency MAd other considvatieass Mgt PrTUM7r .itributiam Is WyO-
connected 4-wire grounded woqtral. Ligbtaing auiaseoe awe casumted
fram each line to ground. To u.inise ifterv~ims by ligtstmu =W
the meet cimeri type of grester an prisary dtetiAibston l1ie to the valwsv
type This typ interrepto the power-folbow anc at the first us'-vatup
*reain$ after the m"rg. rismy diatributif a"rstoes are Plumed a
near as possible to transforeers and aboatims to Provide ouai
protiection to eqeneive equipmet. Other amutrs myv be leaead st
periodic intervals en the line to prvttet tnwslatm. The t~rpietpiw
er otr will fire at lass then three tines nowsl peak w.tW withis a
few vicremood and will discharg 50,000 0*070 or nw 11"r an fw RHiL0
secoads at 200 - 300 voelts or so.

1.2.2 kr^-^ Nt- a 8.M% 1 eondary distribatice
voltaZAce norm ly rme to 40votsCo with ==M vertA-
tione of sin~le ph= =0 admre-phaa.. service.* So= servicca do not tsoo
a natral Wi re.

to *= cocos priac~v distributiou =Vy enter tbo shelter dirotlyo ad the
trc~o=o r or .cbotoiion end all oecondcay distribation =: bo in the
abetter. ts tkis emutbore aM be no cooomI UetCrAQ3 wrwovo.
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Although secondoay distribution lightning amstero are available, many
pwer dittibution system do not use thea for lightning protection. It
shouId M be usum=d, tbhrefore, without checking that secondary arresters
ae Installed before selecting additional ciretit protection against ?W

1letrical characteristics of secondary valve-type distribution arresters
we very similar to those of primary xrresters. Vowever, the spark-over
voltage (1200 - 1500 Volts typical) in standard aresters has a much higher
ratio to normal peak voltage tbeniit does in the primary arresters. This
poses no problm for the distribution system, which La designed to with-
stad the surges. Haveer, it does represent a serims hasard to connected
utilLsetion equipment. T. protect utilization equipment, it may be nesessary
to use speial arresters or hybrid surge suppression networks. These =re
doserid in another sectiao of the handbook.

1.2.3 Aa n Smark - : It is essential to protect exposed trans-
mattln4 and receiving antena both against lightning and IW-induced
ourge*. Since the problem of pmer-follow is not usually present on antetwas,

mowe form of spark gap is umally adequate as the first stage lightning or
NW pretectice. The first stae spark gM prevents insulstor dames and
restme normal operation as soon as the surge threat has been re&-ad to a
safe level, AdditiGnal stape of MW protection will be required to prevent
transiltter or receiver burnout or breakdown, PM, and persounel haard.

1.3 S -t ljn Yototie Vs, mubsystm. U ,,t fotegt When it can
be avoideds no attept should he made to provide individual surge protection
for each electrical or electronic unit or subsystem. This approach ts both
costly and unreliable beome of the difficulty of proper coordination. A
uch more suctessful approach is to provide one or more stages of surge
proteation at the point of entry of each conductor into the shelter facility.
Properly selected surg protectors will limit voltage transients t,) 1.5 times
normal peak voltage or less. This is adequate to protect most circuit
compawnts against failure. Some additional protection may then be required
for unusually sensitive units, or to reduce RYI transients in particultrly
sensitive or critical circuits, but this will be a minimna.

2.0 SMn2-IP4O=CTM =MR1CS AI W CWZflK

2.1 k P The sparkover voltae of a spark gap is a function
of dielectric toterial, electrodo toomntirj, &voity, and vave shape of the
driving volteCe. The iinimm practical and repeatable de sparkovfr
voltte- is botween 200 end 300 volto. Tho sparkover voltaae for a trans-
Wat Ls =eh higher so the transient rise tim becoms very mall. The

,1 AP
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spark Sap requires approximately the sa total evergy to breahover for
any wave shape wthose crest is veil amr ths de spekover voltage and which
rises fast enough to break down the gap befere appreciable energy cam be
dissipated. Total energy is proportional to the product of voltage
and t1se. Therefore, the faster the voltage ritss, the shorter the reapoe
time. It this relationship is plotted AS In FiX13rs I , tbe resulting graph
in a "volt-tim" curve. This constant-enerly cee is chaacteristic of
rost iqlse-*ctuated devices, including all typos of arresters, circuit
breakers, and fuses.

Low voltage spark Ma uwt be sealed in a Sas atmosphere such as neon.
Spork gaps operating in atmwspheric air will not operate reliably below
about 1.5 KV. Other techniques used to ltea sparkovor voltage or to
speed response include u"e of sharp edges wr points ma electrodes, roducties
of gSa or air pressure, use of radioactive saterials to lonise the di-
electric, and use of an intermediate triepr electrode.

Once the spark gap flashes over, the gap voltage is clumed to the voltage
drop of the arc, typically 10 to 20 volts. If this is less than the normal
voltage, the gap will continue to arc and will be destroyed by heat or will
case service to be interrupted by a circuit breaker or fuse.

The Ppark gap is seevhat wro tolerant ana circuits. Since the applied
voltage periodically passes through cero, the are will bo exting*,.shed eand
will not re-strike if the ionixed material between slactredes can clear the
Ma before the voltage rises to a sparkover level qgain. On dc 6ircuits,

sow auxiliary means nst always be used to interrupt the arc.

Simple ac spark gape can be mode self-extinguishin8 up to perhape 250 vost@.
Elgher voltages require special teehiiques. These include confineent of
the ar in a tube with Internal baffles, or use of a maguetic coil. When
the arc is conftned, the heated gases ae rapidly expelled from the tube.
This both cools and lengthens the arc, which increases the voltage drop
and interrupts the panr follow current when the applied ac voltage passes
near or through sero. In the mag*atic coil (or "blowout") arrester, the
agnetic fitld reacts with the arc and feees it mW from the electrodes.

2.2 a z The valve arrester, which is in com usee on
prizary peer str Lion lines is a simple modification of the spark
gap. In this type of arrester, a resistoer ts connected in series with the
spark gap. The resistoer my b a non-linear elent suct as silicon cerbideo
or a heavy non-inuctive shent type.

A 0,
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The mm-linear resistor has the charactoristic eurrent relationship
I - KV in hich I and V are the current and voltap drop, r*%spetively, and
the expoenet n ranges typically betveon 2 and 4. K is a sharaectriatic
constant of the particular resister.

This relationship show8 tiht a veltage surge Viii, in effect, reduce the
resistance and allow heavy current to flor to ground. When the surge has
passed, the resistance rapidly rises, and the oeulting voltage dhep
quenches the power follow arc. Itm manufacturers claim that a pirperly
desig ed noeninductive resister is a more stable and repeatmble quenching
eloemnt, and se this in their lightning arresters.

2.3.1 e filled spark gaps have the advantage that the sparlover volt-
age may be made quite low in a controlled manner. Sparkover voltages as
low w 100 volts are possible an a repetitive basis. In additin, this
type of gap caibines very fast response (loss than .1 p ee) with bilateral
rsponseo characteristics. (Only ece required to give bipolaT protectie.)

2.3.2 Gas flWJ gaps have the disadvantage of a poor volt time tewn tsp
c'Aracter'stic. The tine roep n to the de flashover voltage may be
savjral microsse ds. Aloe, son type of queneh ciecuit is rquired when
these devices air used in coujunetion with pr live system. The por
follow are is net self quenching.

2.3.3 This type of Sap is recomded prieftiiy for signal line
applications ahead of S filter or ether highey cmder protective device

2.4 9MNi"o dut C1_-a a Cv~d'a

2.4.1 Seiceuiduetor devices sub as a end varis types of dios amy
be used in en junction with cee ntioemil aoe md soaclinear ivpedance
devices to fom effective low voltage 4fring oiteuitt. An e*vule of an
W.1 eroewwf4s shown i Figure 2 . This ciruit speate@ in conjunction vith
a cetwenialmal spark gap mode by the Dale M fostarinS Comay.

3.4.2 SM's (Silicon Coatrollod Rectifiers) schibit the proporty of
eobibiting a very high iupodenco in both polarittae until a gate vottap
ie applied in a positive direction with gopeet to the cathode. S
device vill tho som.mot 0 a coveuntional diode until forward bias is
recwod at whieb timo the CMi returns to its bi-directional blockinr state.

A FlmI
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2.4.3 Conventional diodes exhibit a low !xpedaznce path %\On fesTwrd
bised. The volt drop in the forward direction is typically \S volU,
Conventievil diodes are useful in protecting against reverse polarity
transients on sinal and de lines. 'XTy my also be used in a bcc to back
configuration ac ross receivin$ antenna foods for bi-polarity pcteetion.

2.4.4 Th Zousr or Avalanehe type diode is similar t4 the convantional
diode in the forward biased directifn. In the revers* directli., a~alwcho
diodes ill begin conduction at a predictable low dc voltage. Voltage
ranges are avaitable from 3 to over 100 volts in this type of device.

2.4.5 The gas thyratroz is a vacuum tube equivalent to the SCR. The
thyratren is capable of withstanding very high voltages (several kilovolts)
and probably vuld not hew advantages as a transient suppressor over een-
ventiLoal @park gaps.

2.4.6 TLe semicouductor devices wntioned in the preceeding paragraphs
offer the advantage of having very lcv resistance during conduction. Repeat-
ibilit and reliability will be emellent as Long as device ratings are not
exceeded. This type of device should be used as a component in a hybrid
type arrester systew and never as a primary arrestor.

2.4.7 Semiconduttor devices will have the following disadvantages which
should be considered before employing them as transient suppre~sors.

2.1,.7.1 LjIgtd x. DissnAtion o1 Ibis- Aolcationt Typically 100
amerst devices will be near the maxtium practical isLe with a reasonable
rasOP'Ne tife

2o,4.7. 4& gI 100 ampere epitacial SCUe typically Cost $50 to
$100 each depending on voltage rating.

1.4.7.3 _ Two devices mst bo employed to
pzteat against bipolar transionts. (Igaeptions "Triac" shown in

p~ua2 )

2.4.7.4 S: 3e ndaters SCs and similar devices
are likely to fail aborted £i Utw" ratinse are excooded.

2.5 : Piltes my be wsful for 1 proteetion ot specific
equipmnts $as tboe with natsvwand SmocoptibLlity chracteristics,
and those vbich ae unusially sensitive to very low energy pulses.
(Coavuters, radio leceivers, Lstruanatton, etc.). Mfeare a filter is to
be uwod solely or pVrimzily for such M supproesio, it should have one

u. m JP
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or wore additional stagee of protectieu. The purPoe of the additital
@taes ts to protect t*w filter eleme ts and to reduce the transient go a
level which the filter is then capable of fully suppressing without spurimus
reiponse.

2.6 RW l  Iletrochanical devices should
M be relied upon for protection. Becatse Of the mass of moving
parts, response is far too sler far 1W transient. Cirtuit breakers ae
not suitable because there is not enough saeurano that the series gap will
not arc and eclose the cirovit on the trssut, also, servte is into rMted
unnacessarily and the brealmr wtll net respond fast enough if it is cleotre-
mchanical.

2.7 S DCM11 cirei aretigal De circuts or* very likely
to 0*l0y ensNr WWS or other Pratetive circutts which ae
very susceptible to line transients. The presence of polarised capacitors
such as tastalsts, invites disaster if any significant reverse transients

This type of susceptibility suggests the use of hybrid circuits discussed
eriir. Speetal poer inteript er qe*Achiu circuits viii be necessary
te release SCEs from pemr fo1eu curreant.

3.0 FRMP OF UATM? COKMION

341 jomlt 1ajitateB roquir ments of insulation
ecordinatin f r lioa U 1, oft types of '48m" Prtt on ares

3.1.1 Quickly isolate any fault to affect the minim= fraction of the
power Or co iceations system.

3.1.2 Clear the fault as quiskiy as peealble and restere the system to
nouaI operation.

Sure suppresors as required tor MW I can be thouht of as intentional weak
insulation points xit the system. Oen a surge stresses the system ineulation,
a fault (short circuit or over cuemnt) develops at one at ore of theoe
woh points. GvLc:*1y, the fmlt will ba lees bcotl if it dichaigoo at
a spark gWP which is left undameed then It is if It breaks a line insulator
and eauses the line to burn down.

pm 30 A P



(}nist Y )flPage 8

NW RANBODC (90OIN;,Dm)

Perhaps less obvious, but vitally imperrant, is the no.cesity of so1octjn4
the "weak points" (arresters) .O that even the momentary discharge fault im
confined to the smallest possible part of the system. This requires that
succesuive surge arresters and circuit Lter"Wters 4,,.atig Larger POMLOm
of a syste respond move slaly tkan thee affeatt saler pertiow.
This requirement baa %T balance (or "trde off") against t4 possibility that
a severe surge near a major distrLbution point may b too attenuated to
operate the rewJte arresters vr interrupters md could came a major
system interruption because the l-cal proteotolsi at too noa the iWsl-
tion failure voltage.

4.0 AMJCXAC1 OF 31G PRTIMT1

4.1 Clasnificain ofe Circuit Plwoettiost Lim its Before any plan of
protecti m can be instigated, it is first necessary to aacertain the heas o nt-
iatics of the most susceptible piece of equipment itt a given area. Fo. tho
prupsos of this handbook, the assumption is made that the areas to be
protected consist of complas shielded enclosures each containing a group of
electronic equipment of son typo. e level rte4 ttl too 1 be on t0

individi~~J. ez~loaUx Asu The most sensitive piece of? .qupmrnt i ~
area will deterline tie cla$s oR protection for the entire ebate&-d rem.

Example: If a sinle room contains A motor generator set, a
calrod Yoating system and an electronic comuter, the protection sobomo
wuill obviouly be deignet to ecmodato the cauteo. For this reacco,
it is wise to group equiprients with similar protection roquirments in the
sarw enclosure whcr possible to reduce the number of advancad protection
systems required.

1 .r tli. pvrpoos of thc handbook, the leads penetrating a given encloomre
shall he divided into three classes: AC pomr DC pmr, Sipal leads.
For each *ne of these clansiZiCations, three possible lovle of potootion
are pssible below first stage which is already asswamd to ist. These
will be known simply as second, third and fourth.

In each case, the smoent of pvotoetion is indicated by the level# vith
fourth being the mst elaborate poesible for a given situation. Fi8ures
6 Lhrouvh 11 arc used to illustrate typical exales of each level of
proteetion for each of the three classes of lines montioned earlier.

4.2 , s$t| ati. on o. C.rcaiL Protection Limits: The table shown
in Figure ] is an attempt to c]si£) various types uf equipents based
Gn the type of protection required for each equipmnt. The information
presented here is of a genegal nature and, therefore, it is emphasised
that all Availc.ble infortatico for a specific piece of equipmst ChouU

II I I
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be Obtained before dotetndning the type of Pretostiso to be Mied.

4.3 2AM i

4.3.1 The mest iff.vuast ceideratism for a gives pie" of equiP*Sut
Stued to the pGM line is the abaretoltetias of its poer eupply.
With Meaid to UW transient sumeptibilityp a fe observations asn~eruing
Pwar sm1ies Ma be made

4.3.1.1 Pmrs *pplies of the 50 - 1000 ft line frequecy should be
e"1odd Tkose wide range power supplies contain trm sfersers with nub
tov lftakes indutwee than the"e of the 50 - Go U. variety, the leakase
Ladetin in ',s pown transfoswmr will t b riimetwtal in muppression
of z1rnuisats as this hndettsce appears im saites with the Pluaw, in
the oqu"wlent circuit.

4.3.1.2 Fewer supply susceptibility of be lupreved by adding a I gaf
eapesitft (UeQ-POleviaed 4810e 011h Of the 8ee0diay wIVAdaSN Of the PMr
troftmi.) This capemtor termsn "L" type Im pass filter with the
IeAkQ, InataMs and futthar roda"., suseptibitity to Incsings trans-
ients.

4.3.1.3 Pefr ezppliac s oqleytr bridge or full wave rectifier assemblies
abould %" controlled avalanche ty" diedes er vanw tabe diodes.* This
type of retification system tos mieb lass likely to suffer d M a a
rOW4lt of an evur voltk~o Condition than to a *eoetional diode asemby.

4.3,,1.4 The term "tsolid state" wbe, applied to a powr supply usually
MjanO that 05 eleCtronic regulation sMM i$ eMplsyed utiluing transistors
C04I or integrated cirmaits. Because of tdo Inherent sensitivity of solid
steRto devices to overaVoltage Adinge- - it is imperative free a M
triait mtadpeit that the cenditiens as stated is 4.3.1.1 - 4.3.1.3
be cabrved vbenaver s"lid state regulaftion is esployed. Investigation of
th- typ of proftetion Mulsyed by Uneufecturers of solid state eqwipmnt
Will tMal sow very adoqucta syatem.

?or saumlet Fairchild - Blost~o-5stries Division peara their
XK :veivers on batteries continveusly, and tho AC pomr sopply sorvee
on2'l to charp the batteries when~ pwftr is availala. Such a ocbmw at forda
excellent BW protection, aM the oettre AC gowns supply could be dcoed by
a Lvrmlat cnd the 09qum Vit md contanse to sporate on battery pmer,
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4.3.1.5 DC to DC converter protection

4.3.1.5.1 DC to DC converters are susceptible to damage of the "off"
state transistor resulting from incoming line transients. Such transients
appear in addition to the "of " state V C which is nominally twice the
pomr spply line voltage . See Figure 5 .

4.3.1.5.2 The trmsieont bucking transformer described in figure 4
and Paragraph 4.4.3.2 in cemination with the capaeiter across the input
leads of the couvrter should bts a very effective transient suppression
eeow. It is importantq hwever, that the low side of the inverter input
not be greunded to the shield or arrester ground or the bucking windina of
the transfer ar will be shorted.

4.4 Mua of P-ssive Flteuts for ?retatiu:

4.4.1 Passive fl!ter* way be used effoetively against WP trasnients
on poer line when proceeded by se type of conventional arrestor. The
passive filter will essentially band limit the spectrum of the transient
sad from this stndpoint the requiryemnts for the filter as stated in the
following paragraphs should be considered.

4.4.2 Filters for protection of equipmants connected to 60 Hs, 115 VAC
commercial lines.

4.4.2.1 When masuwred at full rated load per MIL-STD-220A, filters
should have a ±3 DS response to not greater than I Ms. Filters must
exceed 100 DB frem 14 Us to I GE: for extrew ratings 60 D5 for sevre,
40 D8S for moderate. Filters should euploy gaslating on mounting surfae
to fatilitate low iraedanco ground paths.

4.4.2.2 Filters = employ inductive inputs and capacitive outputs.

4.4.2.3 The input inductor in these filters should:

4.4.2.3.1 be single mmp wouid and employ adequate sprcing between
start and finish leads to withstand a 5000 V transient breakdown test.

4.4.2.3.2 have its core taped with suitable insulating material (pre-
ferably teflon tao) to withstand 5000 VIC from the winding to the core.
Cores should be pomered iron or molybdenm porunalloy material.

A AP
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4.4.2.3.3 employ heavy Vmiza ow heurq toldew wire caly. Lit* wine
oheuld a" g wsed.*

4.462.4 The aiwecoisefe thee" filtes osld be of th, self healing
'v1ar or etalivei qilar esptriwstion mod should bmr a broskdowa voltage
of not loe thi M Me
4.4,2.3 Petting material should be high tooperature (L25?C) waz or heat
conucetive epoxy* 441sp aeopt flams retardent silicon oils, oz feam type
materials should not be used.

4.4.3 Use of filter$ for protection of eipcwats atteehed to 26 VDC
prm linsa.

4,4.3.1 rite kffX&u:Fles old haeve charectoristioa
as stated to 4.4.Zeweptq dkat espesionz used only be rated at 200 YDC.
DC titters should be pvooseded by spark or Se ftocharg arestors.

4.4.3.2 be lizes uq &toe be protested by trauaieiit bushing twanstewomws
ConneWed an Ini Figure "Ibl # hi chows Is especially effective In the
protectioni of OC to PC Converters from bus. out due to V CE ever"'vltase
revultiS free line tramaeseto. Adeq-ate lino to pvc~d proteetion bewld
be provided ahead of the transient husking tressfoxw.

5.0 CC W 3 f IU IU

5.1 2atn tia f SMm ?ypaak S

5.1.1 Surge Protestors Should be fastalled on the high Voltage or
primary side of pOOM ditributdes treow 0ro svb"M possible. * W"i
this is dome the auras prtwter output alitds, will be reduced by the
turns ratio of the treastormr.

5.1.2 Use of soot~t voltc:* trcofemowwo after cond sta~o typo
piTocetiev is rocancov~d for iegoone given io 4.3.1.1.

5.2 k

5.2.1 As =at cocdand third1 otco typ pmotors "0 ofta li06 to
grotud nature,* Adoqzu otc motin of tba procactor io a =wt.

5.2.14k -Protectors with toynal z.cOo=tlw $rCida thmw d o cnead
with a aiic loo~th ccr braid soxa o c =:=btl bettary grc'%d cable.
Grcdtie tbonid bo to tbo citold of tho C:Soldod ewloc~o * The protoctor
should bo loocted 9uch that the rocid lad kLtb tos mot eood 2 fact.

5.2.2 Graom4 load* =t bo of uin= wouietcneaocod Lc~podC2=. Co7por
or brae sMap or braid ciould bo tood.



5.2,3 Crs.W1ug of protection obsU not be to soutcaaso immid
reu OrmIe AUIAd walls or extemal si -- syd stem dssU ouly

be v*9d £orpoWtet~ pTOumi.

5e3 &rtiNam ~~a~ 1u &~

5.4 ;00- Neotest"S should be loWaed of slowe to
the ieutratis. of1 edsi questtes thbew do shtoUd o peasible.

514.1 Protestors uhUI be located an the sis, of the ddoU~d

5.4.2 protecteve shsUl be easily asewsible to pensom to OU&la
replot i f 0saceory.,
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: TIME ASYMPTOTE
NOT ZERO

I

IKI ' ~V =  + V Dc', T-Ts
a

VOLT-TIMlE OR

0,

* VOLTAGE ASYMPTOTE

VOLT-T ItE CURVE FOR SPARK CAPS

FICURE

.30 AP



0--

HOD .VOLT

TR I AC

TYPICAL 2 PLACES EACH SIDE OF LINE

EXAMPLE OF HYBRID AC PROTECTOR

SCHE1~F I CUR



CLASS 2 9QUVW=

3munhU3 DUSCAIPTOV illew

1. Motors -AC induction AC
2. LAps filament and flborescent AC
3. Hetr,, i.e. coffoe pots, air-cooditLoning

equipment AC
4. Motors - series and shuntwownd DC
5. Moters, Line voltage, Line frequemny AC - DC
6. Isolating Motor 08nerator Sets AC or DC
7. 60 - 400 Ks conrters AC

CLASS 3 3UIPO

EQUIH311 DESCRIPTION

1. Vasum Tube AC power supplies in general
2. Teletype equipment powr supplies
3. Transmitter - Hligh poear RF (aver 50 Vatts) power supplies
4. Vecum cube receivers - all type (pour input)
5. Vaeum tube differential input circuits (signal)
6. Solid state receivers with isolatien sobme such as 4.3.1.4
7. Alum systam power
8. Intercom power - vac tube
9. Telephone signal lines

CLASS 4 UqtfnrS

1. Computer power - all types
2. Solid state power supplies in general
3. Single ended or unbalanced coaxial system inputs
4. Computer-lino £uputs all types
5. Alam system control leads
6. Intersite intercom signal leads
7. Antenna tracking system power
8. Antenna tracking control leads
9. Radar system power (and control if applicablo)
10. Intercom power - solid state

FIGURE I
I A II
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A "m (cMMIU)

MInt The forsgeiq classification* ae based upon the "Sevre"
threat level. '"oderate" threat clisifloation will alow oe sta
leas prottetion, I.e. oquim~t in Class 3 my te prtected vith Close 2
protection system,

Ralustion of secifLc eqsimnts for classification should be dome
Aemever possible.

*MAP
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0A

TRANSIENT BUCKING rkNANSFORMER

F IGURE H
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iGAS DISCHARGE
ARRESTOR

I

IISVAC LINE' TO EOUIPiIENT LOAD

,GAS DISCHARGE
' ARRESTOR

SHIELD
WALL

EXAMPLE OF 2ND STAGE PROTECTION
IISVAC LINE

FIGURE b
m W1 AP /
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I
I

I

S SHORTEST
i* DI STANCE40

S'HYBRID
I

SPOTO EQUIPMENT LOADLINE O

II

I
I

I

SHIELD

!JALL

EXAMPLE OF 3RD STAGE PROTECTION
IISVAC LINE

FIGURE 9
U AP.



HYBR I DRFI
PROTECTOR LINE FILTER TOLA

SHIELD
WALL

EXAM1P. OF 4TH STAGE PROTECTION
HS5VAC LINE

FAIU)RE B
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SIGNAL

BRAID

GAS DISCHARGE
ARRESTOR

SHIELD
WALL

EXAMlPLE OF 2ND STAGE PROTECTION
BALANCED SIGNAL LINE

F IGURE 93
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I
I

I GAS DISCHARGEI
-ARRESTOR

SIGNALNE 
T

LINE FLE

SHIELD r Zi
BRAID i

I GAS DISCHARGE
I ARRESTOR

SHIELD

WALL

EXAMPLE OF 3RD STAGE PROTECTION
BALANCED SIGNAL LINE

FIGURE 1.0
I I I A P



IGAS DISCHARGE
ARRESTOR

SI 'L

ARRESTO

SHIELD

GASlL DISC H STDI OECTO

BALANCED SIGNAL LINE

F IGURE I I
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suo88,sm soMm u Irc a N
MM= ow=umIMWtITION WN

T~rm or mvc Avq u

1, Joalyn 1leotronic system NybrLds - AC and DC power
Gelta, California *brids - signal line

balanced atid coa il

2. Ilctronu Company Ca filled go" few
127 Swsex Aveme 110 - 220 VAC
Newark, Nev Jersey 07103

3. Dale Ilctrocices Inc. Spark gaps; imstic blovot
Yankton, South Dakota Typos - AC and DC pmwt signal

and antenna lines

4. Motorola Seuconducters Solid state devicest SC
Pboenisp Arisona Zoner Dio.e, Zoner toteto

Assemblies for AC sad DC
pont lines

5. Genisco Technology Corporation Filters: AC and DC powr line
18435 Ssana load signal line: eoaxial
Compton, California 90221 and balmod

6. Spraugue Electric Company Filters: AC ad DC pmer lines
North Adam, Massachusetts signal line0 coaxial

and bala ned

7. arunell and Co., Incorporated Filters8 AC end DC pawa signal
lem Manor, New York line - all types

8. CornellmVabilier Filters: All types
ewvark, New Jersey

9. Sargams, Electric - Filters: AC and DC po.:
Blectronic Prodts
Springfield, Illinois

.QAP
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ADDITI0MAL RXD333AU

1. General UA Design Criteria for Mike I Favor System
hiug, August, 1966

Contract limber DA49-29 M 543

2. Technical Report *A6lr 6
Ilectrical Protection of Tctical Cauication System
J.B. lays and D.W. Bodle
Contract Nuber DA36-039 SC 73089
U.S. Army Signal Research and Developumnt Laboratory
Fort Mouotb, New Jersey
Prepared by ell Telepbome Laboratories# lacorporatod
on behalf of Western Xlactric Compmy,, o.

AP
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U5LIOGAIBI

1. Techniques and Devices for the Protection of Electrical
and Electronic Syitoe From Lightning Transients -

June 1963 - Prepared for Air Force Special Weapons Center -
Kirtland Air Fore lasa Albuquerque# Now Mexico
Contract Al 29(601)-5402
by Roger 3. Buies -Radiation effects Operation and
Frank A. Fisher - Righ Voltage Laboratory - General Electric
Company, Syracuse, Yaw York

2. Lightning and Lightning Pretoction
by Karl "oyer We 9actron
Reprint from 1948 Copyright of Incyclopaedia Britannice

3. Veltage Transients Taned by Spark Cap Arrestors
by V.V. Vodicka - Electronics Magasine - April 18, 1966

4. IP and Associated Effects on Power, Communications and
Cansd rnd Control Sysaes

by Dr. V.W. Vodicka and John A. Kuypers - Joslyn Electronics
System. Division - Goleta, California

I A P
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