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faunches s transiem wave o the power-and-grovnd

" power and ground aetworks, the swiiching transient
- indistributed 10 all invernal oquipment. -

" (U) 1fthere is encuigh EMP protestion 10 cediros the

BMPiaducod siress untllit is weaker than the siressns

. the sysem itsel producm during nosmal operation,

then the sysiem wili not benefi from fuiher improve

© et in the BMP protection. Furthermore, if we
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syntem. Sinog all internal equipasent is terved by the -
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2 (U) Systems gomeraie & amount of translent interforense d normal operation a8
m as. fﬁ%ﬂﬂtsiq’iﬁ g-ﬂ
> contend with these 1 sakufm“iinlsi.lnl%!:
signifienns, tanslent of 8 ew volis are 120t unsommon .ﬂtl.ll_:
a2 pow) T & u&hﬂﬂfal!.rslaxsl.til_r MM nduced imast-
. P ot S s ey S e g
,m .—-i&iﬁﬁl{‘l :-ll-?
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i (U) The system-gamerated stress of interost here s normal systemeproduced streas, we do not need 10 )
’ that genarated inkide the electromegnetic pube (EMP)  understand the EMP responsss in detail to knowthat
i barrier but outside the oquipment casss or howeings,  the systems is immune to the EMP. This makes the
7 ss llustrated in Fig. 1. The transients are gonerated by system-gencrated stross particulerly interesting—it & {3
ﬂ the awitching, control, and processing of shetric  the ¥pper bound on effective EMP protection, and &
.,.. . pawer, and they are distribuied 10 the internal equip- s & threshold that virtually climinates dependonce on ]
& ment on the powes and ground conductors and by  knowledge of EMP Interaction with themost complex - M
g%ﬂgigﬂ;; parts of the eysten, :
tratslonts tay perlodically lnequipment ;) | of the fact thet the equipment must &
such as rectifiers and coaverters or they may be pro- Agﬁl‘!;s?r; -
J duoed oocssionslly by thermostatically controlied tieme, ittle ia known about the system-genessied eavi- [
¢ Beaters and sie conditionars, sump pumps, sokonolds  1oqent One oan, however, estizass from swhching

switch closing a 120wolt, 69-Ha circult st \he paak of i3]
thevohaps wave, When the switch s closed (Fig. 28), 1Y

s charging wave propagites towerd the load and &
discharging wavs progageies cownrd the power souros,
Pigures 20 and 2d ilusirate the voliage and current
waves oa the power wires 2 fow nunceeconds siter the

switch is closed. Note that the 120-velt a.c. power |

switched at the voltage pesk produces two §5-volt

waves propagsting sway from the-switoh. Eiher of 241
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Figim 1. (V) Smmﬂ!l?-dmﬂmm

thesc could double at an open circuit or high-
impedance termination to produce a 170-volt teansi-
ent. Solenoids, relay coils, and similar inductive
devices can induce transients that are several times the
peak line voitage when they are switched off (unless

they are provided with diode suppressors), The rise.

times of switching transicats are very shoet (zano-
seconds) close to the source, but they may be stretched
by dispersion in propagating through the system.

(U) In most systems, the transient waveform caused
by switching the operating power is very complicatod
because of the reflections and losses in the system In
Fig. 3, the volsage waveform across an inductor at the
end of & switched line is shown to illustrate how even
ldnphmnmidonlimchwitmmmnuy
complicated waveform.(%) Waveforms more compli-
cated than the oae in Fig. 3 are typically encountered
in practical systems, because the circuits are much
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Figum 3. (U) Transient ox awitched
inductive power cireult.

more complicated and often involve several lines of
different longthe with differont loads,

(U) Theextreme complexity of the internal responses
is, in fact, one ronson for fnterest in the systenn-
generated transient ard for conoern abont having to
understand the EMP creapowse of this part of the
system, (The EMP reponse is yet more comptioated,
since we must first undersiand how & imteracts with

the system extorlor e pehetrates the EMP barrier

‘befors we can predict the responess of these internal
clreuits.) Since we kiow that sif equipment and

internal cabling must tolerate this system-generated

cnviconment in the absenve of the EMP, we can
asume that the squipment will tolerate the EMP if

we can be assurod that the EMP stresses the circults

less than these awitohing transiemts. Purthermore, if
we make the comparison just inside the BMP barrier
_ (that is, at the inside terminals of filters, surge

arresters, or other barrier slemeonts), wecan bestoured

of the system transiont’s domisence without knowing

clther the systom transient of the EMP respoass deep

inside the system or inside the squipment,

(V) Finatlly, use of the sysiem-generated icansioent
stress as the EMP threshold takes advantage of the
oquipmenty inkerent imaunity to' transients, since
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the EMP requirement on internal equipment ie that it
tolorate the pesocetizss system environment. But
because this EMP requirement doss aot impoes any
nsw or EMP-peculiar requiroments on the internal
oquipment, 5o spedlal inventory of *EMP boxes™ b
required to support systeme protectad in this manner,
snd the maiatenance problems that accrwe from
having an EMP box that is fenctionally imterchange-
abls with a regular box ase avoided. .

design purposss, this effect hiae besn achieved, coinci~
dontaily. Thus when ciectraaic componem demage b
used a2 the thrashold, \he large masgin used to

sccoint for uncentsinty in coupling and threshold - I

usnally makes the EMP-induosd stress lovs than the

sysam-generated stress doep in the sysiem, Similarly,

opersting levels, whea the protection is designed to
make.the EMPioduced transient smalier than the .
opersting Wvel, it is also smalier tham the systemr
gesorarad tramsiont level. Test erews have observed
thet making mensssoments of EMP-induced transionts
Inside aivcrall and missile systems is difficult when the
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system is energized and operating because the systenm-
generated noise masks the EMP-induced transicst
and causes frequent falsc triggess; bence most testing
is done with the system dormant (power off),

(U) The use of the system-generated stress as the
threshold for EMP protoction purposes also implies
that this stress is known and can be controllod—at
least at the inside surface of the system-level EMP
barriey. At present, the control of the system interfor-
encs environment is specified, albeit rather loocsely, in
MIL-E-6051 fos electromagnetic conspatibility pur-
poses. There is thus a precedent for determining and
controlling system-generated interference, but past
interest has been in the narrow-band interference
rather than the transient stress of concern in EMP
protection. However, widesprond use of digital circults
in military systems s expected eventually to inspire a
greater interest in transient interforence in these
systems, with or without the EMP, It is also enter~
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taining to speculate on the effect that better control of
the transient environment inside the system might
have on the mean time before failuze of electromic
systems ased to moaitor and control weapos systems.
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