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INTERNATIOMAL ELECTROTECHMICAL COMMISSION

ELECTROMAGHNETIC COMPATIBILITY (EMC) -

Fart 4-32: Tasting and maasuramant tachnlgquas —
High-altitude electromagnetic pulse (HEMP} simulator compendium

FOREWQRD

11 1he < [Intemallcnal Eledrsiechn cal Camnmisaion) ls 4 workdw e organization lor atandardizatlon com przlig
all national elecinctechtical commil-ees (=35 Wational Committesz). Tha objacl of tke EC i= to promote
intarn=lional sg-cperaticn on all quesficna ceicarning atendardizaticn in tha elactrical &nd slectronic <elde. Ta
Lhis gud qngd ir addilivun W her aelivitios, [he 1EG pubishey Inlgreationgl Slandards. Thai- prsparalion is
enlrusled lo lechrn sl coeronillees; any CC MNalional Coremilless irlderesled in e sobjecl desll will rnay
warkigipale in b prepuralerr work. nlemal enal, geeermmenlal and oo goegnmnealy grganizaliong laising
with the I[ET BIso particlpele |- Rhls preperatican. Tre IEC collabaretes clesely with 1ha  Interngtional
Girgan waiian for Staiderdizatior (150 In accerdance with cond tionz detarmined by sgreemsTl between 112
trra Drganlzetions.

2] The farmal declelons o Aagresmenls cl the ICC on lechaical rrallzra exprass, As ready sa posalbla, an
Intarnsilonal cereansue of opin on on the relevant eubjacte 8ince each lachnkeal conmiltea hae reprasentaticn
frort & | Inkeresled Mallonal Somml Laes,

5] The dscunenls producod have the form of recammendallans for nlenallondl cse and arc poblished In e faim
ol 2lapderds. lechalcal apacifcellors. lachnical reporla o guldes =nd Lhay aie accaplzd by Lhe Mallonal
U iillass 11 Lhal 2anss.

41 In arder .o promole inl2emallo 181 ualficalion, IS Yallodal Commilless nceilake Lo Bpply IDC Inlemalional
Standards tranaparently to the mesimon extent posalble In thelr natlonel a1d reglonel standards. Any
divergance batween fhe IEZ Stsndard and 1he correazonding natleael or reglunal atandard =hall be claa-ly
Indicaled in 1he latler.

5] Tha IES provides no mark ng proceddra o oind cala ils appesval and canno. be renderad reepanelblz for any
aquipmant daclared to ba 10 oo 1farmity wit1 o1a of e etandards.

k| Allenllon & srawd 12 The zezeldily ha. 2oMe ol he alemanle ol Lhle Lashn eal iopsil may bo tho 2ublocl ol
patent rignis. The IEC =ha | not e held respans ble for Idenilfylrg £my of £1l gUCh calent © ghts.

The main 1ask of IEC technical committees is to prepare International Slandards, Howevar, a
lcchnical committeo way proposc the publication of a iechnical veport when it has collected
data of a diffarant kind from that whish Is narmally published as an Intamational Slandard, for
exgmple "siatg of (he art”.

Tachnrical reparts de not necessarlly have to ba raviswad untll the data they provide ars
congidered to be no Ionger valid or yaall by the maintenance tegm.

IEC 61000=4-32. which iz a technical reporl, has been preparad by subcommiltes 772 High
powet transiand phenomena, of IEC technlcal committea T7: Electromagnedlc compatibillty
(EMC). It has the stats of a bazic EVIC publicaticn in accordance with IEC Guide 107,

Tha taxt of Ihis technlcal report is based on the following documrants:

SqLiry oraft Regart on wolling
TICAIGCOY TTCH2AL RVC

Iull informalion on the wvoting for the approval of This technical report can be found in tha
report on voting indicated in the above table.

This publication haa been drafted in accordance with the ISGfIEC Directives, Mari 2,
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The committee has decided that the contents of this publication will remain unchanged until
2026, Atthis date. the publication will bo

= reconfirmed;

v withdrawn;

=  replacad by a vevlzed aditlon, or
«  amanded.
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ELECTROMAGNETIC COMPATIBILITY (EMC) —

Part 4-32: Testing and measurement techniques -
High-altitude electromagnetic pulse (HEMP} simulator compendium

1 Geope

Thiz Tachrical Repart provides Informalion about eatant syster-lewal high-altiuds EMP
{(HFMP) aimulatora gnd their applicability az teat facilities and validalion toola for  immonity
lest requiremeants. This repart provides the first datalled listing of HEMP simulators threughout
Ihe warldand 15 the prelirminary summary of this effort. It should be ypdated on a ragular basis
a3 the stalus of teat facilities change.

Tha main body of tha repart is a colleclion of datasheats dascribing 42 EMP girulators in 14
eountries lhal are still operational ar could be made aveilable for use by the international
GO U nity.

The vernars of the sinulalors have provided e information cunlained in his reporl. The [EC
zhall not be held responsible for the accuracy of the information.

2 HNormative refarences

Tha fallvwing raferencad documents are indispensable for tha application of this documanl.
For dated refarencas, anly the edilion cited applias. For ondated refarencas, the lalast edition
of tha referencad docameni (including any amendmanls; appliss.

IEC G1004-2-8: Eigclromapnetic compabbiity (EMCE — Part 2 Caviroamens! — SechHon 4:
Descriplive of HEME gavironment — Radizied distarbancs, Basic EMC publicalion

IEC B1000-2-1{: Electromagetic compatibilify (EMC] — Past 2«16 Emvironmen?  Descripdion
uf HEME prvituamenl — Conduetod dislur banrce

3 General

A high—alitude (above 30 km) nuclear burst produces 3 types of electromagnelic pulses that
are ahzarvad on the sarth’s suface:

— waatly-lime lIEMP Ifasty;

= irermediata-lime HEMP mediumr);

- lale-tire HEMF [slaw),

Histarically mast intereal haz been focused on the early-lime HEMP thet was previoosly
referred to as simply "HEMP". Here we will use the tean high-altitude EMP or HEMP Lo
includa all 3 typas of wavefurme. Ths lerm NEWMP! govers many categoriss of nuslear ENPa

including those produced hy surface bursts [SREMP)E or created on space systems
(SEEMP) .

1 Muclsar Flaciromag natic. Pulsa
£ Soaree KReglon EMI

& Swsliin Ganarslsa; FMP
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Tha claszlficatlan of the HEWIP anvirantanl used In this raport 1= tha vadlated electromagnatic
arvironmant {incidanl plus ground raflection, if any} that wauld be expariancad by lhe axtarnal
surfaces of a syslem thereby producing vellages and cumends prevailing al typical localions
within a =ystem ar installation through aexternal and intarnal coupling processss. This
approach is appropriate because the HEMP environment i= generated in the upper
almoaphere and iz initially described as an external eleclromagnelic environment [both
radiated and conducted; sea |[EC 61000-2-9 and IEC §1000-2-10). Far companants, devicas,
equipment, subsystems pr systers localed within an installation, the conducted and radiated
environments incident al their locaticns are detenmined by the amouni of protection provided
by EM shields andior conduclive palnt af anley [(Fok} alamantz pressnl v the installation ar
enclosure. System-lgvel EMP simulators gre the mest effective means of aasessing the
cffectivencss of these protecllon moasurcs.

4 Terms and definitlans

4.1

condustive point-of-gntry

penetrating conduclor, alectrlcal wire, cable ar clher conduclive objecl, such as a metal rod,
which paaaes lhrough an alectromagnetic bamiar

4.2

alectramagnoatle harrlar

lopnlogically closed saface made to limit FW figlds and condocted transients from entering
Iha enclosed space. The barrier consizles of the shield surface and points-of-antiy traatmants,
and ehcloses tha prolactad volums

4.3

clectromapncetic pulsc (EMP)

nuelear slectramagnetic pulse (NEMP)

all types of eleclromagnelic fields produced by a nuclear explosion. Also referred to as
nuslsar glashtamagnalic pulas {(NEMP]

a.4

electromagnetic shield

aslecirically continuaus housing for a faclllley, area, of componanl usad 1o altaruaty Incldant
aleciric and magnalic figlds by bolh ahaerplion and reflaciion

4.5
HEMP
high-altitude nuclear EMP

LW
high -altitude (nuglear axplosian)
haight of burzt abowve 30 ki altitude

4.7

paint-of-entry (PoE)

physical location (pointy on an electromagnetic barrier, where EV enargy may enter or exit a
lapological volume., unlass an adequate PoE protective davice is providad., & PaE is not
limited to a gecretrical point. PoEs are classified as aperlure PoEs o conductive PoEs
according to the type of penetration. They are also classified as architeclural, mechanical,
#Hructyral or glectrigal PoEa agcarding 10 the Funcliony they serve

4.8

shizlding effectlvensss

mizgsure of lhe reduclion or gllenualion in e elechoragoalic ficld sbenglh al & poinl i
space caused by Lhe insertion of a shield between the source and that point, usually
axpredsad in dacibels (dB)
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5 Datasheet definitions and instructions

The request for informalion thal wasa aent to cwners of worddwide EMP aimulators included the
mllowing definllons and inswuctions for 2upplying tha requestad informatlon.

5.1 General information

Simulatar 1ype:

Termination or
reslathva loading:

Major simulalor
dirr ansiongs):

Test volume
dire e % iores:

Speclfy the typa simulator using cna of 3aum's 3 calagoriez: guided-wava,
dipole, or hybrid.

For guided-wave simulators. specify the type @rmination uzed {for sxampla,
output conle section with approxlimata poinl rezisthva load, ocufput conl:
section with distibuted resisbive load, no output coniz section wilh sparse,
distributed rasislive load} For dipele simulatars, specify whathar anlanna is
razistivaly Ioadad. For hybrid simulalors, spaclfy whalhsr Iha antanna 15
unifarmly resistively loaded or end-lerminated.

Specify the langeszt dimenzicn of the simulater in meters {for example, 8¢ m
long).

Specify the dimensions in meters of the usable tesl volume (for examrple, 15
m {high) by 28 m {wided by 500 {longhy. Specify each i§ more than one best
volume is available,

5.2  Simulator Input optlona

Primary pulse
POWer;

Repelilian rate:

Low-vigltage or
oy tesl
et p Lo iy -

Uescribe the type generator and peak aulpul voltage of the primary high-
voltage pulse generator used (for example, B-MV Marx generator with
paaking capacltor).

Specify the usable pulse repelitian rate and any limits on how long the
simulaior can be operaled at this rate {for example, 12 pulses per houry for
the primary pulse pawsr 2ourca.

Specity any lowar-voltage input sources available (for example, 30-k¥, Z-ng
rige time. S0-pps pulse gensralar] and any continuous wave (CYY) sources
availablz {fw wxample, 10-kHe W 1-GHe CW gonaralor).

5.2 Electromagnetic field characteriatics (in 231 volume unlesa otherwise noted)

Elzctrc field
polarization:

Line impedance:;

Wawe imrpadAanna:

Fealk eleclric
figaly:

Peak magnetic
fiald:

Specify the electric field ariendation wilh respect to the earlh (for example,
vartical).

For guided-wave simulator, specify lhe transmiszion line impedance (for
cxample, 120 L&, Fer dipale and hybrid simulalors, spocify the conc or
bileone Impadanca of the early-time radiating skment {(for example, 150 00,

Spoclfy the Impadanca of the Fiald In the 1ast volume (for exampla, 377 -
HEMF gpharical wave).

Specify Lhe range of peak electric fields available in the test volume {far
gxampleg, 20 kviim o 100 kym).

Specify the range of peak magnelic fields available in the test volume (for
axample, 50 A/m 1o 250 Afim}.
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Pulae riga time:

Prepulze:

Fulze widlh:

Figld ynifamaity:

QOther:

Specify the 10 % to 90 % pulze rize lime {for example, 3 ng).

Specify the maximum value of the prepulse as a percentage of the peak
oulpul ol the simualelor {Tor example, 140 %0

Specify the /e or full=width. half-maximum pulze width {e.0.. 530 ns {1/e) or
400 ns PWHM.

Guided-wave simulatom — Lse 1he following qualitalive ratinga to specify Ihe
worst-case unlformily of the paak walua of tha princlpal flald component In
the teal rolurne:

Escallant — batter thar £10 %
Good — batwaan +20 % and £14 %
Fair — between £50 % and +20 %
Puoor — worse lhan £50 %,

ae the plane in the tesl volyme gloaest ta the simylator input and narmal to
the direction of propaqgation of the wave. Specify the 1all-off (1/1} of the peak
Meld i per canl fom the ronl o he back of e lBsl wolone. Spacily Hiag
maximum valug af any nen-principal component in per cenl of the peak
valua of the principal component. Exampla:

Evcallent uniformity of paak valua of verlleal Rald componant.
20 % fall-aff of paak flald fram fronl ta bazk af tesl volume.

Horizontal fleld componants <15 % of vertical componant everywheara in test
nlume.

Hher simulators — Specify the maximum and minimum values af the peak of
the princlipal fiald campanent anywhera in tha test volume {far exampla,
huriconlal E-fald panallel e simualalor axis 85 kMimomaxinom and 1¢ kvn
minimum}. $pecify the maximum value in per cenl of the peak value of the
principal campcnanl of any non-principal componant Jfor example. vartical
and athar harizontal components £ 25 % of princlpal horlzental componant).

DOescrite any other peringnl technical features of the simuylater nod covered
abcve.

54 Adminlstiratdve Infarmatlon

Location:

Cwmer.

Polnt of contlact:

Initial operation
data:

Stadus:

Specify the location of lhe simulalor [nearest cily or military baze and
countey].

Specify Lhe name of e company or agency that owns ihe simulatar,

Speclfy the name anmd full address of the person to contact for more
imformetion abiout tha simulalar.

Specify Lhe vear in which the simulator first became operational.

Specify Lhe current slatus of the simulator {for example. under developmenl,
opetatianal, stand-by, inoparative).
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55 Availability

Governmend
[TE=18 N

Indo=lry users:

- 1¢- TR E1H0-4-32 % [EG 2HZ{E}

State availability of simulator for wuse by government agencies and any
reslriclions on s availabilily (for examply, availabla o gosermant
agencies of any EU country].

Slaly availabilily ol simulalor for vsa Ly prvals compamos and any
reslriclions on ihig availakility (for examplz, available 10 any private
company wilh endarzamant of governmant agency of any EL country).

5.6 Other tachnlecal Infermation

Phodograph:

Typlcal time-
damam waveform:

Typical
freg uency-domain
spetinm:

General
dazcrlptlon:

Available

Instrumentalion:

Auziliary lest
cqQuipmeant:

Provide ane or mare high-quality colaur phodographs of the facilily that will
provide readars of the compendium with a baslc underslanding of tha size
#nd acopea of the s ulator.

Provlide a roepresentative sample of o time-demaln E-Ffeld o B-flold
maasurament fram the simulator tast voluma.

Fravide a Faurier transform of a representative pulse from the simulator test
volume.

Mrgvide whatever general historicel and deacriptive infermation sboul the
facllity thal wou would llka to prazant and can fil In the avallable spaca.

Oeacribe 1he aenrars And data anquiaitine rquipment available inr uae with
the EMF simulator. Include information about the frequency ranges andfor
rlza llimas of the Inztrumantation.

Oescribe gny auxiliary test pyuipment, such as diregt drive {pulse gr ¢
cquipmeant, associgled with the EMP simulator,
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& Project description

6.1 Intraduction

This repor! reviews warldwide FMP simulalors in terms of their characteristics, capabililies,
and limitaliens, This historical seclion of the reporl i & surmary and updale of papars
prasantad al Intamallonal conferancas In 1384, 1995, 1505, and 1908 and dasoribas savanal
FLIF simulatora that have been built and dismantled ag well a3 thoae lhal currently exist [1-4].
Tha saction that follows s organized Into 42 datashesls for Individual EMP simulators that
remain in pparation ar gauld b8 put beck into operation for EMP tealing. Cther simulalars axist
in Ching, Paland, and probahly elsewhere, byt it was not possible 1o obain information atoul
Wesrr irn Lirns [err Whis reparl.

DOr. Carl Bagm (LL5. Air Force, Kirfland &FB, New Mexiga) is the father of most of the Westem
simulador designs through his seres of Sanzsar and Sirulation Notes, Ha also namad many of
the simulators [5]. Baumr has clagsified non-sourca-raglon EMP simulalors In 3 categorlas:
guided-wave, dipole, and hybrid [§]. [T]. The scope of the reporl is restricted to those
simuladors designed W simulale the nuclear EMP outside of the source regian and in
particular those that simulate tha sleciromagnetic envircnmenl cauzed by a high-altituda
nuclear explosion (HEMP).

Tha snd of tha Cold War has provided tha opporunity to laarn of electromagnetic pulse {EMP)
simnlalors developed in the farmer Sovigt Union as well a5 China and tao campare their
peformance characteristics and test methods employed in them to those of western
simulators, While sirnilaritics oxizl with EMP sivmulalors developed in the WS, and othor
waslarn countries, it some casas the simulators davalaped hy résearchars of the formar
Soviet Union and other Warsaw Pact nations provide some wvery interesling differences in
approach.

Mo one perfect EMP simulator exisls. This report describes several examples that fall into
Baum's 3 cateqories (guided-wave, dipole, and hybrid) of HEMI™ simulators. All designs have
Inharant limiations; hance 1he larga varlety of designs that axlsts. Some analysls and
gxtrapolation ol results must always ba dong. The ideal of a sirpla *zap” l9st 10 prove &
syzlem hard to EMP i3 jual that — an unachievable ideal.

6.2 Guided-wava simulatore

GUlgad-waves SIMMULAWNRS Uss metal “plales’ drivan by one oF mang high-wolags Qensrators (o
propagate 8 nominally TEM wawe throggh a region frequently called the "werking volume.®
Tha tesl objact is locatad In 1hls working velume. Thiz class of simulator is used primandly to
gimulalg the frag-gpace envirgnrrant produced by a high-altitude neelser burat. Most axialing
guided-wave simulators produce a wvertical electric field (and herizonlal wagnetic Aeld)
bacauss in thiz caza the aarth can be used as aona of the conducting plalas.

This most ubiquitous of EMP simulators is highly efficient in its use of pulsed power. Far
axampla, 3 1-MV Marx generator can provide high-fidelity fialds with sirengths of =100 Kvim
over oblasis as long as § m. These flelds usyally hawve Ihe “doutla-axpotential” shaps
characteristic of a high=altitude FMP. Guided-wave structures can propaqate pulaes with sib-
nanogacond dse timee if the ganaratar is capable of producing them. Slmulalor impedances
and field distripubona can be calculated raadily. and the fislds can ba mede uniform gver &
large volume of apace,

4 Tha fa-m “plates” i3 comrmznly uasd: howswer, in almast all EMP simulatore the mo1dudcra “or the tranamiasicn
limg zra Tormad of pa-allal wirgs or wi-s nsh
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Guided-wave simylators are the best choice for lesting missilea and aircradt in simulaled in-
Right canfiguralions, For good simulalion fidelity, the test objest dimensions should nol
axcaad 60 % of Iha plata spacing. Whila thay often are uzed to tezl qround vehicles (for
gxample, jesps, lanks, trains), this is not & high-fidelity simulation begause it does nol provide
lhe ground reflection needed for as=essing the EMP coupling characleristice of systems
sltuated an the sarth's surface. | ganaral, pulded-wawvea simulatars are not transportable; tha
lest object usually must Be brought to the 2imulator.

Several qulded-wava simulatars sutsids the US, parllzulaly thoze In tha farmar Soviat
Urmon, have genaralog lhal prodocs very long pulsas fmivosecornds o millissconds) Lo
pravide some infarmation on system response 0 an endo-atmospharic nucléar bursl albeit
abaant tha ichizing radiation and azzociated conductivity that would sxizt in a tiue SREMP
environment.

Guidead-wave simulabors coms in two basic typas: thoze with symmeldcally taperad inpul and
output-faed sections usually altached to a parallsl plata sectlon [Table 17 and those with a
gingle-fead asclipn stlachad o a2 sparse, dizidboted, resistive lgad. vaually withoul an
intarvaning parallal-plata section (Tabls 2.

Ihe AFWL-Loa Alamoz EMP Calibratman and Simulatan (ALEGE], Ingated in the WY, ig pne
uf the earliest examples of the symmelds type guided-wave simulator and is typical of this
genre. Buill in the early 1980, it has been usad for numerous tests including missiles, scale
madels of alrgraft, communicalions syslems, and automeobiles. The facllity is uzad In both
pulae and conlinuaus wave (CW) modea In pulse mode a Marx generator provides input
viltage of up o 2 MY, Test data Is mecorded in @ RF-shlsldad room [ocalad baneath the
Iransmission ling. | he Advanged Hesearch EMP Simulator (ARES] was built in the late 19605
lo overcome the aize restictions of ALECS, The largest EMF aimulater in the world is the
Trestls. Tha struciure was bull to perform tests of aivcraft In the in-flight woda with
hardzontglly palarized weves. The strugture can sooommodate Ta7-gire aircrefl. The wooden
platform on which the aircraft sits iz 36 m abowe the 2arth and with ils ramp over 180 m long.
Mo than &5 million board feal of lumber were usad In tha constuctlon, and mora than
104,030 apecial wodden baolls hold it all {ogether.

Tweo very lamge guidad-wava gimulator complaxes are oparaled by the Ministry of Defance in
Russig: ong at the Cenbral Institute of Physics and Teehnology (CIPT? ot Sergicy Posad near
Mnoseow and one at the Science Research Canite me=ar St Patersburg [A-11]. Erch of tha
Ruzsian compleses includes iwao large quided-wave simulalars driven by a centrally located
pulza ganarater. The vary larga cylindrical hausing for tha multi-megavalt airinzulated Mare
generator adjacent 1o another large diglactric structure housing the pulse shaping dirpuitry
{a.q., “peaking capacitor') are distinguizhing charactaristics of these facilitiez,

In Ihe gase aof the Jt. Petershurg complex, one of the simulalars is used for high-allitude EMP
ervirpnments and one for source-regian EMP environments. This complex specialires in
cvaluating the cleclz of EMP on buried struclures. Thesce simulators include a capability for
Iztting ohbjacts silher on, or burisd benaslh, the sarth's surface. In SEMP-12-3 @en
underground transmissicn line, which consists of 2 rows of vertical electrodes positicned al a
relativa diztanca of 50 m. is connaectad to tha transition sections lgading to tha pulsa
generator section and the matchad reslive load.

The SEMP-E facilily near Sardiey Posad ig very similar in appearance o the cne at St
Patersburg, bul lmpotant diffevances exlst. Far axample, the lower plate of the transmilssion
ling ig on, ngt hglow, tha earlh's surfacs. Howaver, like SEMP-12-1 gt 3t Peteraburg, the
SEMP-6 provides some ZSREMF simulation capabilly by fhe use of large-dimension,
reclangular coils an e varlizal planes oulside e working volurs diiven by polsed correnl
sources 2 produce lale-time, long-duraticn magnatic fields in the simulater, Many different
Ivpes of military aystems are tested in 1his simulator comples. One portion of the simulator is
baing upygraded fur 1 nes-3 ng rise-liine performanee.
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A& zimilar, antecedant complax that exlsts at the small wn of Andrasvks near Khatkov In
Ukraing was davaloped and it operaled by tha Instilute *Malniya® (lighlning) [12]. As this
name implies, both the Russian and Ukrainian complexes are wsed for sludying the effects of
llghtning a5 wall 35 E VI an systams.

Adthough the simulators have an oulpul ransitien ection, the terminatiens in the Russian and
Ukrainian gimulators do not really come to @ "point®. Inzlead, a ractangular array of resistive
glermends absorbs the alevlromaynolic wave afler il has passed Gooogh e simulalon les)
volume,

China has a amall qulded-wava EMP slmulatar, tha DM-1204, that Is similar In bagslc geomeatry
Io the ARES ayzlam lpcaled in Albuguerqua, New Merics. However. the lower plate of the
Iransmission line is mot connected to the eailh in the transilion sections as in the case of
ARES. The 1, 2-MY Marz ganwralor is lucatad i a buildinng ab N ond of the lransriission ling,
The DM-1200 was devaloped and 15 oparated by the Balllng Institute of Elgctronlc Systams
Endgineering {BIESE} of the Miniatry of Aerospace.

Tha "bend” In the top plate al tha tranzllon from conleal 10 paallal geomeliy [In iadilonal
guided-wave FMM aimylators produces reflections that limit the unperiurbed lields 1o the
forward portion <f 1he parallel plate section in this Iype simulator [13]. This bend and its twin
al the output fransitlon alsd produce highar-ordar mods slecls particularly limiting tha
wgefulnezs of these simuladors in continuoy s-wawve (CW) mode.

SIEW-2, buill In Franca in the lata 19708 for testing strataglc misellas, was tha flrst of 3 class
of simpler gromatry guided-wave simulators with improvad high-Frequency paformance ower
lhe mare traditicnal symmetrical geametry (Table 2} [14]. These simulators basically use jusl
Iha Input canle sectlon In 1he tradillenal-gactmatry slmulators. This cenflqurallan zamelimes s
referred to as 8 “harn™ simulalar. The large, but sparse, distribuled resistive temmination used
in hese simulalors allaws the high-frequency components of the pulse to radiate out the end
of the simulator rather than belng tropped a3 standing waves in the transmisslon line.
Simulators with this basio geemelry exist in Germany, Swaden, Switrarland, Htaly, Israal, and
reporedly Poland (so far, it has nol been possible 13 ohisin any informalion on 1he Polish
gimulalar].

The conical geomelry of the input section 1hal iransitions fram the relatively small dimensions
where the wave is launched to the large dimensions of the working wolume produces 3
spharical wave rathar than the deszlred plana wave. This causes difarand parks of tha texst
ohjec! to experience the amival of the wave at aomewhat differenl times and introduces non-
vertical components 1o tho clcctric ficld. In traditional simulador dezigns, dosipnors controllod
thiz problem by kesping the ransition anpgla small (typically 157), which makas the simolator
dimansiens large.

A different appreach has baen taken in a new simulator buil by Mranca Telecor 'CHET in
Lannitn, Frange [15-17]. In this simulaltor, The elegtromannetic wave passes through 3 large
lenz made from plywond, The effect of the lenz is 1o refracdd and slow down the
slaclramagnetlc waves whilx travarsing tha dlalectrle matanal. In thiz way, the sphearleal wave
iz transfarmed into & planar one, becguse the shape of the lens slaws down waves travelling
aleng the direclion of the simulator axis more than waves diverging from the simulator axis,
The developers claim very good field characteristice {For exampls, homogenaity, rize tima,
planarity} in the simulalsr working velume beyond the (ens.

The indoor ERL-2M simulalor at Sergiev Posad, Russia is significandy different from those
dazcribad above Lecaoss il amploys 2 3-plala lransmission g, Tha 1-MY pulsy genaralor is
mush more compact than thoze Wypically found in the simulalors of the former Seviet Union
and preducas a 2 ne risg-timea field in the simulater working volume.

In gddibign to hoae listed in lablaa 1 and 2, guidad-wawve aimulatoera exiat 3r formarly exigted
in Poland and the former Easl Germany. Egypt reportedly is developing 2 small guided-wave
slmulator.
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6.2 Dilpole slmulators

Ideally, the test object is far away from lhe source of & freely propagating TEM wave far this
class of EMP simulator; practically {his is seldam guite the case. These simulalars can be
mcbile or fixed, They can radiate wery Rst rise time pulzcs, and the ficlds produccd arc
anahylleally tractabla. Ona helicopter-borna warsion {RES 1) was capable of varndng both
incidenge angle and field polarization. Aircrafl have flawn nearby thase simulalors to perfgm
actual in-flipht tcsts, but these tests usually simulale the incidenl wave with its associated
ground raflection. When used praparly, the unwanted simulator-object intaraction can be kapl
very small, and the area covered by a uniform field can be large. These simulators can radiale
vary fast rise-tira pulzas, and tha fislde producad ara analytically tractabla.

ne truz dipole simulater was the Radiating EMP Simuylator (RES) used by tha LS. Air Fanga
and &Army in the early 1370a to test large ground-based facilities. Because the pulserfantenna
syslain was suspaendad baneath a hellcaplar, 1t was highly iroblle. Two varslons wara bullt: =
hodrpnisl antanng and g verical antenna. A 1,5-MY, 18C-phm biconic generalor drove sach.
The resistively loaded antennas shaped the radiated pulse and pravented a large notch in the
fresjuency spacimm. Howavar, the RES | simulator produced a fisld simength at reasonable
distances of anly a faw k', and dus tv the ghart antanng langth Ibe low-frequency content
waz paricularly deficienl. Longer, more powerlul versionz were planned but never buill,
Oparating costs wara high becausa of the hellcaptar. Aftar sufflciant tasiing was done o
porrglate tha high-guality {Racept al low fraquenciss) RES dats with other simulalars, the
antannas weare salvaged and the genaratorz used for other simulators.

Mozl sxarples of this class of simulalor are equivalent dipoles pver A conducting surface. In
lhiz conhguration they pradude verlically polarized fields and 4 single angle of incidence.
Since these are radiating antennas, they are not as afficient at convariing pulzR=-poswar Bns gy
Inta flaldz gs ara quldad-wava almulatars. Dipolaz alzo sulfer from 2 daflclancy In [ow-fra-
quency energy because lhey cannod radiate at d.c, and their physical size must be held o
praclical [mils.

Mozl of these antennaa gre resislively Inaded to prevent refleglion of the currents when {hey
reach the lop of the cone [15], Some information aboul coupling to an in-flight aircraft can be
gxtractad from tha tezt data, but the offects of the conducting ground rusl be consldarad in
lhe Analysia. Employing a large Anlenna, lafge pulasr capacitance, rnd very large ahont
resistance tn ground enhanced low frequencies. The fields can be predicted accurately by
analylical mathods, The agreement cof the predicted and measurad paak figld strengths is ax-
eallat], abd tha canslation b tha frequatsy domaln 15 al2a quita good. Haum's modsl alza
predicts the zpatial dislibution of the Fields very wall.
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The U.S. built the Verlically Palarized Dipole 1 {WFD-1) in the sarly 18¢0s for testing aimcraft in
lhe yround-alerl modae. 1L is an sguivalenl dipela ovsr 2 groond plans, The 30000 el anbsrm is
resiglively loaded, uging Dr. Baum's rmethod to prevent refledtion of the currents when they
reeach the top of tha conae. Qne of the 1,5-MY pulssrs built for RES-l was used to drive the 75-
I} antanna. The alrcraft undar 1est is parked on a pad centred 130 m fom the apex of the
antennas. Peak field sirengths of 10 kVIm with rise {imes of abdut & ns were: available at the
centra of the pad. Some inforration about coupling to an in-flight aircraft can be extracted
fromm Ihe test data, but the ofcets of ihe Image alieraft croaled by the conducting ground must
be considerad in tha analysis. One aircraft was texiad in an actual in-fight configuration by
pulsing it as it flew by the simulater, VPD-1 has been uzed little since itz larger and more
powarful successor, YRPO-11, bacama oparational. The §0-52 antenna iz 40 m kigh and driven
by a 4 WY pulser. Tha pueak lield sirenglh @l the canlre ol e parking pad 100 m away
exceads 36 kYim with 2 rige time of 10 ng, The low-frequency content of the fislds far exceeds
that for WPD-l1 because of the large antenna, larger pulser capacitance and very large shunt
resislanoe o ground. The simalalor has been used o lest sevaral airmall, helicoplers, and
Hher syslems, The most unigque of this class of gimualalor was the U3, EMFREESS I, a
pulserantenna systam zirilar to YPD-1l that floated on a barga in waler desp ancugh to test
fhe largest of nawvgl vessels. Linforignately, EMPRESS 1l has been dizmantled and is np
lanaer available Tar use,

2nly & Few sxamples of this class of simulalar exist outsicle the United Stales, and all are
vertical dipales,

&4  HybrAdd simulators

Thiz clasz of EMP zimwulators simulates the plane wawva and Its ground veflaction by combining
propartisas ol both radisting Bnd atatin aimuléiora |19 Hybnd simulators providé the best
available approximalion o the environmend that would be experienced by a ground-based
2ystam axpokaed to an EMP Trom a high-aliuda huclear datonatlon.

A small source region, usually a bicong radiator, produces sarly-lime (high-frequency) fields,
Currents and charges distributed over a large structure that suwounds or is near the test
ablecl praduca the latertima (owar-fracquensy} flialds. Usually. 1ha antanna 12 sparsa and
regizlivaly [oaded to raduce intaraclions with the lest objact and 1o minimize resonances,

Some hybrid simulatara are transportable so that they can be taken to fixed installations such
a5 migsile silos and CF facililies. Coneeplually, e posilion of the polssr could b varisd in
the amesnna to change he angle of incidence and the polarisation; however, this capahilily
has not bean incarporated in an aclual systeim.

Bacauss Ihe sarly-time partion of the wave 15 radiated by & B3Ine antanna (an 2atropls
radiator), the field atrengtha achievable for 8 given generator veltage da not match thoze of a
quidad-wave systam. The Imlt on pul2er autput bacomes a maechanical daslgn considaratian
becaysa the genargtar muat be suzpendsd high abova the garih. The sarly-lime higane iz
matched to a cyindrical cross-section antenna. This intedace i3 an abrupt impedance dis-
continuity 1thal has an appraciable effect on the pulss waveaforrn. This Iransilion 2 madse as
emooih as possibla ysing taperad wirg mash sactiang 19 minimixe the abruptnass o he
unavoidable impedance diacontinuity, The field2 produced by theas siruletorz are more
complex functlonz of both space and lime than for the other claszes of simulators, so a
detailed experimental mapping of tham iz necessary for understanding of the lest data [20].

Zaveral simulators axlst that employ the alliptically shaped HPD antenna deslgn first da-
valapad in the 2. Ih Iha mid-73s. The standard HPD antanna has o dlameter of 5 v and
containg diacrele regigtera unifammly distrbuted thegughout ity length o provide the degired
ratic of electric and magnetic Aeld amplitudes at low fraquencies. Tha resistors alzo damp
rasanancas wihin the struature. France has two simulalers Idantlcal to U5, verslons of the
HITY, and one of the French syatems is lransporteble. Switrerland developed the MFMEPE, a
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smaller puylzarfantenna 2ystem auspended bensath 3 fibreglass structurs that can be
digassewnbled into modules for transpor by truck or helicopter. Gennmany, Sweden, and |sracl
ligve non-lranzpurlable sysloms vary similar o the MEMPS. When osed o lozl vy lame
facilities, particularly those with overtead and buried conductors enlering ithem, Lhe field
dimulatars cannot adequately excile the complete Facility and the altached conductoiz, 50 a
form al direcl drive for lhese poinls of eolry (POEsS) usually 15 osed o supplement the Deld
te=ting.

T EMP simulator datasheets

I hit sectnn providas individual datasheats for 42 simulaters identified in this stody. The
datashests are organized by country a2 shown in Table 5 below. Sections have been reserved
for fulure dadashests for sinulators belisved to exist in the Czech Rapublic, Egypt, and
Paland.
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Table § = EMF slinulator datagheets
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Country'simulaiers Subclauss Page

anada simulaln-s T

NRFKMPS i1 -4
Zhina slmulalars T2

Om-1200 21 28
Zzach Isputlic 3imulalorz 7.3

Razared r.al Tn ba datarm nad
Syypl simulawrg 7.4

Masardad r.d.1 To be dalerm sed
-rance almulalars EE

CHET quided-wava T.E1 2d

nNPH FE2 an

ZER 753 el
Sermany gimolalore 7.8

C ESES FaA =l

HHL: FE2 b=l |

‘WIS indoor guided -wava FEa 33

PN Féd 40

MIGLIS Fas LY
Ind & aimulsterz. 7

1BVWENFS LN | dd

RBWEMPS rra 46
=l simulaloes T.hn

Raraal guldad-wa<o | dg

Malael hiyb-id raz 50
Italy aimu lstore T8

IS EM= rad 52
“ethoriands simulalcrs rA0

EMIE-I I-HPD 7101 Bd

EMIE-I I-TL 702 58

EMIS-| -V Ti03 it |
-2lend simulatora o
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Countryfsimulalors Subclawse Paye=
Itazervad TN lo ba delaim ned
Fuzaie simulatara vz
ERU-ZM r21 1]
GEMP-E-2M T2 2 B2
FLISF M 123 G4
ZFMP-17-5 GREE) FA
HEMH-1.5 TI1L5 E8
Swadan simulalors Tz
SAPIENS 2 7121 i
CPERANG F132 r2
Swilzorlard siinulalors T4
MEMPE 7141 74
WEFES T2 T8
WERIFY 4 3 ]
ZFM RAGMIE 7lad BN
Jkralne sinulalots i
LIN-1B-5 151 B2
GINT-12-30 T152 Ed
TEMI-Rda A1 7105 EB
IEMF-10 fu bd
Jrlled Klrgdam slmulalers T.1E
MFER A gpuiclod-wa we LA an
Jniled States 9l mulaiorg T
ALECS TATA oz
ARFS AT 2 a4
HPC FIF3 =13
Trestlle 7T 4 =l:
WED-1 R 1(HY
wRL-11 TITE ‘e
LSM NAW AL HPL TIATT "
L'5N WawrCAD WPD TITE )
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711 Canada - DREMPS

b IEOMEE fie

Gaaaral Infarmatlon

Simulalor Type!
Tarmiration or
Reslstlve Loading:
Majar Elmulator
Oimanginnis}:
Tant Yolume
Dimgnxiqns:

L lidad-wave

D1ip 1 conle B&Cten with
ez gl ve load

1% m (hlg1) by 20 i (wide]
by 100 m |lgng|

& (highy by 10 m [edice)
by 10m [lang; [the First 10m
berger1d 190 mpUL L2 pine]

Sivmmlator Inpwt Qptians

Primary Fules
Pouwrer:

Repetition Rale:
Low-waltage ar GW
Teed Capability:

. B-N1Y Marx ganerator with
piak Ny wLpagiler

Z shuls pan rin.
Crzerplivoal in bolh

polant B2 ard £4 10w BB

o, 2-hy

Eiz=tramagnsilc Charsoteristles
dn Loy, welure e wiless ol rwize weled)

Line Impedance:

Elggtrig Figid
Palarizstian:
Wave Impedance:

Feak Elaclilc Flald:
Peak Megnetic Flald:
Pulem Rleg Tima:
Prepulsa:

Pulzz Widdh:

Fimld UniFgrmify:

Cither:

1* 3G hima (ngwl Lo
larminata -}
Waprlizal

FT Ching (HEMP spherigal

wane)

21-55 kY

E3-14E a'm

5na G- ¥

=5 %

approa, <00 ra (1ak

+ 10 % unifarmily ol
werlkzal o Tiponsnt
from &ide to sice

- approx. 10 % lal -gll ¢f
peak fle d from froas to
teack of Leal walune

Infanmatlon nat prosdd ed

Cvhar Intarnatien

Lagatlan:
awnar:

Paint ol Conlagt:

Inibial Opseration Dale:
Stetus:

fusmilabiBdy

Jiher Government:

Imduatry:

Dillaws, Snlario

Lefence |daepanch
Eslablihiman. Slawa
|DRES

Joa Saragalyi,

Wirowgua .ﬂ.'la,lgl.-s ig and
Countgrmeazunes Gy,
370 Carllng Ao,

Qliawg Doldnio. Cunddis,
KA OZd,

| alaghne: [513) Hib-bL 76
Fax: (E15] HUd-PCET
E-mail:

R saranalyifdlc ren dnd.ca
1094

Dpe-aliongl

]

Ten
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Typloal riss g Typizgl thwe-doma!n waveism
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r n:_n.;] ' b e B

ey mohnizal informseiion
Available inst*umentation

A varialy of digitizers in tha range of 400 MHz o 1 020 MHz singla-shot bandwidth ara
available. Fibra oplic links wilh 300 MHz o 1 000 MH: bandwidlh are e primary means ol
exiracting signals from the tesl pad. & dedicated data-acquisition software package
efficiently processes and slores the waveforms obtained frem a variety of cormmercial and
cuslun-desion eleclric-fald, magnelic-field snd correnl sensors.

Ganaral description

Tha systam |2 deslgned to lest o MIL-STOD-461C. Easy accozs by road or hellcoptar
fagililatez  aquipmeanl handling. On-gite maching shop and calibralion facililise  allow
febrication of custom sensors, supporl jiga elo.

A dascription of the axperimantal flald mapplng and numerlcal analysis (MEC) both inslda
and around the simulator is available in:

4.5, Seregelyi, . Mashyvap and A, Louie 'Fleld Dvynamlcs In a Parallel-Flate Simulator',
IEEE EML, Vol 27, No 4, Aug. 19%5. (Keap in mind that the field mapping was perfamed
wilh a preliminary pulse generalar, & full threat-level pulse generator has replaced this unit.)

Lppdifiary toe? ooubpmnny
Curent injectien 1esting {C5) iz avaikable upon requast.

An extended length TEM cell with resislive locad is available, The cell is 2 m [high) by 2 m
{wide] by G m {larng) wih a working volume of 30 e (high) by 60 em [wide] by &4 cm {longb.
Tha call gan be driven with a §0-kY pulee generalar (with a repelilian rate of 10 sholz per
minute] or in CW mode. The clectric ficld is verlically polarized, and the cell is oporational in
bath polarities.
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Vo toe Tranecission e - Polse genacadar b

Gewzral Informsidon

Simulator typa; Qwdsed-wava
Tarminatlon or Lot conic sechon Wikh
rasistlva laading: apprcimataly poing rasisfive
load
Major simulalar &4 n (owergll lemg by
dimensian(¥]: B4 m iplalu spading p
Teel welume |lnlenrlicon el crovided
dimenclone!

Sieripior inpel Gpfiung

Primary pulae powrer: 1,2-MY Mark garerglos wilkh
pulzo-ghapins noleced
Repslidan rate: 12 pulsee ser Four
Low-voltage or CW Mot awsllabla
test capahlllby;
Eleciromagredis charasisriztics
[ LaEL waloma un aes olherwles naled]

Elevtrau Aeld Yoilical
prokarizallon:
Line Impedance: 460 L (inpul to 1erminster]
Wave Impadance: 37T 13
|HEMF s ple-tiuil wiane)
Poak slecknc fisld: 120 EWhr
Feok maghellc fleid: 31% A°'m
Fulsa rlsa Hma: —10 na (10-95 %)
Frepulse: [nformation 1ot 2rovided
Pules width: 200 ny (1ig]
Field uniforinily:  Lnionnily of wa-ical
wranporen, — Mol auai pkle
Falloff of peek fleld from frant
lev zanzk ol lesl voloee — Mal
swallab g
Horizartal componanta a2 per
canl of wertical component -
Mot awsilakla

other: Inlenraticn wal crailad
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Gther Infornatlon

Locatan:
Dnwvnar:

Pgint ol gontact:

Inlllal aperallen dale:
State:

Avgilauiiiy

Clhar gorarnmant:

Induetry:

Be]lrg, hlns

Hanwg Inetitute of Electronm
System Frnireenng [RIFEF]
Mr Pan Hu. Ghina Aarcsrace
Corparalinn . Eegamd
Fusuanah foedemy. Buijing
Inzlilule ol E celronic Seslem
Enzlneaing, Mo B2 ¥Ya1g
ing Hoed. F.0G. Box 3422,
Baijirg 100035

| Blaphmna; BE-1-BB3H -5 hie
Fou: 28-1-§321-2045

1265
Dperational

“heok with point of conkac:

Chock wilh polal of conlac.
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i IT',mlr_:as time-dormzin wavefarm Typtoal e noy EDeSITEm
LI} .
s . .
15 _—
i -
wa = \'L'\; -
£3 i p
25y T ——— e ! L "-.__IlI
g g g g wi 1 C-
B 5om zat 1a” aa" st az*
: o lan

Clier s yechnmicad informatiion
mensral desncipiion

Infarmation not provided

Axzilable inatpementaticn

The simulater hag an undsrground Instrumantation reom and aplical flbre Maasuring systam.
Digital 3tarage oacillozcopes (500 MHr, & GHAS) are available.

g riliary fead goaigingad

Infarmetian not providsd
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T.5.%  Froyge — Franged Telscom RED guldedewnve

Pulser and dieleckrlc lensa

BRI 8

FLARED e T

epdmn v,

A If"".
__r’:’-' LY
s

™y

:.\é"' E

- L.
EAAILCT IR L L F i

Genzral infoermotion

Almulatar typa: Guwdad-wava
Terminatlen er Ho cutput conic =aclion with
resistive Idading: sparee, diztfibLte: reeizlive |pRd
Major simulalar 500on fowarall leng b
dimension(s]: 5 n r@Eineum hsighl
Teat welume 2L m ‘highy = 3.5 m (wida] = 10
dimenelang: m org)

Simulator inpet options

Frimary pu 36 power: B00-kY  Mam  gansrator  with
pulzs-2hEPING nebeck
Ropallizn rate: & pulsas par minglg
Low-woltage or CW Mot puzilakle
text capabiliy:
Elaztramagnste charasiaristles
{i:z et vk me seeiive s olersiag rl{;lﬂd:l

Electde Aeld verlical
polarizatign:
Lina Impadanea: 140 13 [inpul e enrninglaer]
Wawve impedance: AFT 0
Paak aleckric finld: 15-110 kKyi'm
Paak magnalic fipld: 40-200 Afm
Ful=e rise time: 7 F-d 7 ng (7 2200 %)
Frapules: =1 %
Pulgs wldth: 25-209 nz (1./a)
Fleld unlfanmily: «  Excellant i210 %)
uniformity of wartical
I mponan:
= Fall-off of pask hald from
framt tn hack of test volu me
- rot availabla
»  Hor@onlal comnponenls ag
percent = vertlaal
Lo Mpone: — nod B¥zlzbla

ther: Inzoor EM2 =lmulalar,
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Dther kaformation

Lopmtign:
Thriar!
Bairnt al voritact:

Inklal eperatdon
dale:
Gtatuz;

Availabiiily

Gowernment:

Industry:

| ¢.nnign, Frgnne

Francza Tslecom RN

A lain Ceice

Fra1se Telacom FTRED

2, hyonuz P Matzin

22807 Lanmion

Talaghene: 33-2 06 0L 38 33
Fop: 3320605 21 11

F-iriil

alin mir B Frave ve [ e g
1206

Diprallonal

Tas

Tea
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Typics! time-darmain waveform

HEM Yrmor ngiR
-

- . i
R !
|
|

i
i

Ot toehinlon! informaiion

Eenaral deserislan

This EMP girmuylator iz uged 13 teat large equipment with, at choice, the Bell waveform [rise
time = 4 2na, fall time = 180n2) or the |[EC waveform [IEC 61000-2-C. yise lime =2.& ns, fall
lime = 23 mel This syslem i original by tha osa of 8 dglaclric lens placed al Lhe gaomalric
Jigeontinuity of the strip line.

Available Instrumentation

Elgetric fiald senacre: Thomson E 1801 and E 182

YO W10 Thomson For derivative signal (BW .1 kHz —1 GHz)
Cplical link: MMA0OS Thurmson

Receiver. R1000 Thamson

Proceszscr: P1004 Thomson

Digitizing oscilloscope: TEKTROMIX TO2 684 A (B G3/s — 1Ghz)
Safwars FEMTO V3 Thamson

Auziliary test scuipmeni

Infarmatian not providad
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Podue genscator in ol

Byl 4
M_'

g mvieied Imdn rrnadion

Fimulater bype:
Terminatinn or
rasiztve Iseding:
Major almulelor
diranelan(e]:
Test volume
dimenslons:

| lybrid

Unlisrm,  spares,  disbbulzd
anlennd raslslive oadlng

150 ™ owarall langlh

Al m pu ser centrelineg hal ght
& [highl ~ B0 e Pwide b =pS0
i glorg)

Eirsadaier Fnpst Ootivnt

Primary puls® poarer:

Repslitian rats:
Low-waltage or Cu
teat capebl by

1-My, 2-MY, and 4-MY Karx
rRnAralr % willn wkaking
capacl Loy

InTsematlan 1ol 5o dod
Infzrmnallzn 1ol srovided

Electromagnetic charaesetiatics
tin Lo, wiplurr e uoigss ol erwize i)

Elevtrnic feld
palariration:
Blsond Irgada nee:

Vv Mpeda nes!
Prak sleckric fiald:

Peak magnelic figld:
Fulae rlad Liwma!

Frapulgs:
Fules width:

Figld unifgrmify:

Uthar:

Moz Lal I:F_lidr,l Lirragh

150 w2

ATT ok [earlv timaa)

LU kE'm @ 20 m from pulesr

AR

102 Adm @ o0 m from pulscr

APEN

1-F s AN-50 %)

Infarmallan ol 5iovidad

ZB-209 nz (WAL

compll 2aled ‘uncllon of

poaition’

- Feak hatlizonlal E-licld
Infarmatlan 1ot orovided

+  Verical ard nother non-
priwipsl compnnerts
Infarmnatlan 1ol 5o idod

Inlzrmallan 1ol 5rowaded

Ovhee s fmformasdicn

Logation:
ey

Falnt af contact!

Ininal aperallan dale!
Staue:

AvallablBdy

Olher gararnmant:

Industry:

Gramal, Frarce

Cenlre: d"Eluces de Gramal
|CEG!, Mialelars de 13
Céfenca

Fiema BriLqulare. Sentra
d*Etudee oe dremal (CEE],
48500 Gramat,

Tel: 33 6 6 10 64 73;

Fam: 33 5 685 13 54 32

156D
Siperational

Tou

Tea
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Typles! Eme-domzin wavek: Teplgal frecusnay aoenizum

= fukd OrHE EfddIEH
Qs
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T : o
.l" E é
b !
g T 1'EJ:H '
' AL foenten -

AGIEH
200C0 ;
wE+» EE-  1E 23 2B 3E  iE
Tmg Frqorod b

s
&

LEIENS
AIE
AT

Other iechrics! informstion
Gesaial dezcripiian

A tranzportable versicn of thiz csimulator provides the sama fields in the sama tast valume.

Axvzilable Instnrmentatien

»  Thornsan mélopds 1500-1600 serlas (104 kHz-1.5 SHz bandwidth) azlve elagirlz and
magnelic field sensars and optical data links

v Ajfltach current probes
+  EG&G passive electric and magnetic field probes

v  Hewlalt Packard fast transient analysars
Agziilary tegd souipnens

Infermatian not provided
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Pubss gosatati:

- Vedneidssion lne - Test voleomns

Ganaral Informztan

Simulater bype: Guided wigve
Terminallen or Ng  eulpul cunic seclion with
raciallve Irading: sparse, dislriboles resislve [oad
Maar glmulzter 105 M averall lengih
dimenelan(s]: 15 m mEXITUm Felght
Test volume 10 i (hogh) = 23 i (witle:) ~ 75
dimenzipns: i lorg)

Simulator inpet options

Primary pulse pomer: ?-MW MW gras HENETE] [rp= il o lizaa-
yhayping nelwerk
Repslllizn rate: lulfenrsgiicn el srpvided
Low-vollage or G Wul mukilabde
teal sapabl by
Electramaghnetis characienistica

T Lot waiiane i ooen GiRoewsis swidad]

Electnc Aeld Veringl
polariration:
Line Irnpedanes: 40 sl [Input te e rminator]
wWarel Impedence; ATT 'k
Peak electric field: =100 kM1
Peak magrelic fisld: =25 A'm
Fulgs rlge tima: 1-E ne [10-30 %)
FrapLlsa: Infarmation 1ot 3rowvkded
Pules wldth: £5 no, 200 ne Fall-Hve duca . der
Figld unifgrmiby: « Linifeprinily ol wi iyl
componen: — [ nformmation
nul prowided
7 % fall-off of peak fig d
fram Frenl ko bacs nf test
v lumie
»  HorEoental components B2
per cant of wartical
rempgngn, — lnfarrnalion
rl, rovitdad

Other: lafarmaticn 1ot srovided

Copyright by the International Electrotechnical Commission
Mon Oct 10 14:59:57 2005

Gthar Infarmatlan

Location:
wner:

Pgint ol gontact:

Inilial gperalinn dalg:
Stabus:

Availakitiiy

Qiher garernmant;

lindusiry:

Graral, Frargs
Caribrg d'Elyes dy Gramal
|CCG), hinislere de la Delenue

Fizrr: Breguicr:. Cenlre:
JEdey e Gramal (SEG],
L] Gramal,

lel: 54 5 k5 10 54 238,

bEx: dd & Bk T b4 33

1GRE
Opearialigmal

RCE]

LCH
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Typles! Eme-domzin wavek:

E-idd 557

Teplgal frecusnay aoenizum

E:ER

S

eu:r—m A,

R 1§ i

4

\

-, whein
WEG SIET 10EXE 1%E-E Z0ECE

BT

E fiakd el

Titter 2

Other iechrics! informstion

Gesaial dezcripiian

The tranzpartable version of this simulator (184 m in langth and 25 m in heighty providas The
same fields in 8 best volume of 15 m {high}, 40 m [wide), and 40 m {lang].

Avztlable Instrumentation

r  Theomean mélopde 1500-1600 sarles (100 kHz-1.5 GHz bandwidth] active slectic and
megnedis field sangsars and optical date linka

+  Ailtech current probes

«  EG&G paagsive electric and megnetic figld probes

*  Hewlelt Packard fast transient analysers
Auziliary test suuipmeni

Infartn atian not provided
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TE.7 Germany - BHEBES

 Puobis gonarator bodiding - Toanemissior

Gennral Infarwstlon Dther inlarmatlon

Simulalor Lypa:
Terminallan ar
raglative leeding:
Majer slmulatar
dimenzlaniak
Tt volumn
dimeenyiorm:

Guidel-wave

NOD oL@ R come 23ction Wik
apaeE. OitrbLked "aeledve Icad
120 n owerall langih

22 m meximum Feight

B (high) = 10 0 |wida) =
Ebm florg)

Slwallator Inpt ontlons

PFrimary pulsz
power:

Repetition rats:
Law-vollagsa or CW

1 MY M goeasrglar will
praking ciepavilorg

1 pulge per minule

Both ava laek

Lacallon:
ownar:

Point of contact:

Mlund lest, GenrEny
Wehrwizganachattlichas
InEtitut mr

Schutztech 1aloglan ABC-
Sahutz (W 5]

Danigl hitsch,

Wiahirwix s nxechalllirches
IngLilul ur
SehulElreh1sloglan A0C.
Hahulz (W 5).

L-28532 Munater.

lalz A0-51 02136 336
Fae 485102130355
F-mail:

beat capabllity: DanialN tschiphwh.org
Eleziromagrstic characisniatics Inillal operallan dale: 1565
U e iU S s of 18R ad) Status:  Opssalional
Elscivic fiald  Virlinul Availability
prlarizatlon:
Liowr | padance: S04 1in|:|ut 1o tarmlnak}[j Hher govermmenl:  fas
Wave Impadarce:  A7T
Fask elactric fleld: =100 kWvim
Feak magnalle =265 o'm
fleld; Industry: Tes
Pulge rise time:  4ng or 7 32 (10-00 W)
Prapulsa: 1D %
Pulye widlle: &0 - 200 ny 11

Fleld uniferrmity:

Olher:

. Gond (415 %] uaiforminy
of wzriaal nonmponcnt

- ZT = all-all &l pak
field froer frort 1o bachk,
of zast valume

+  Harizsnlal oo mpan énls
210 % of wartical
(YA LTI

Tl rrnghiom gl g iled.
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. EEE%&;;;

Othe s techmles] Infarmeiion
Genaral degariziion

Thiz simulator can alzo ba ugad in an UWE mods with a rize time of less than 500 ps and a
fild girangth of up to 300 KWim.

Axsilable instyumentaticn

*  Flectric and magnelic: field probes (ground-plane and free-field) up to 17 GH7 bandwidih
*  Current probes up to 5003 VIHz bandwidth

s Sgwaral fibre optlcal lInes up to 5 GHz bandwidih

s Transisnl racorders and fesl analogua scopas op e § GHe single-shal bandwidlh

* Medarn PG-bagsd data aeguigilian with mathematizal featuras

Au=iligry {fesf souipmeni

Infermatlon not providad
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TR 61000-4-32 & [EC200EE)

7.6.4 Germany - HFD

Palxe wonarator io bybwid snisnaa

{Zeaaral informmtion

Zimulakar typea:
Termirnation or
rralstive laading:
Ma)or &bt | ater
dimeanalerie)
Tegl valuma
dimenslons:

Hybrd Filpcia)
Linifprm, sparse,  distibuded
qritenng resistive oading

30 cwerall lengly

Er mazinurr halghl

4m thighp = 10m (wide] =
10m ;ung]

Simuletor Ingxt Qptiang

AB0 v Mar ganerstor with
peaking rspacinr

1 pulsa par minula

Roth ava lakk:

Primary pulss

RRwgr:

Ewmpatition raba:

Low-waltags ar CYY

=zt e apabllity:

Elzstramagnatic charanisriztice
g srlure g pnirsg ol naivy nied)

Elacirie flald
polarizgtion:
Ling Impedance:

Horzoertal

1BD 13 [Inpul Lo Leominalor]

Wave impedance! 27T
Pezk elegtric Figld:  —10 kv''m § 8 m from pu sar
FEER]
Peak muagneliv field: =27 500 @ B Trarn o sar
apes

Pulas ries thre:
Frepulge:
Fulae widih

1,é na [19-BD %)
Infarmatlan 1ot 2rovided

10 ne (depandart on height of
13t ob|ct N tEe wolume)
Gead {ro futhar Ifarmazlen
provided

Infeenatlen ol = e ided

Eigld uniformity:

COkher:

Copyright by the International Electrotechnical Commission
Mon Oct 10 14:59:58 2005

Ather information

Locatdon:
Dwrepr:

Fednt af conlact:

Initial pperatien daks:
Smtus:

Avgilwiziiiy

Ciher gevernment;

Industry:

vipnstar Harmany
‘Wehreissar schaftliches
Institut fiir
Sohalzelechneluygicn ADC-
Ashule [W15)

JEME] MHECh
‘Wehrulzsar schaftliches
Institut fir

Fah trtechnplonicn ARG
EIER TN

-2 Murnisar,

lol. 4d-3122-1.369 2B;
-an; 48-H1H2-1365455
=-mall:

Sena INftachibwb. org

195649
e raakiarnd

‘fas

‘fas

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

TR B1{00-4-32 & [EC:20L2{E) - 37 -

Othe s techmles] Infarmeiion

Genaral degariziion

Im 2003 an upgrads will be in opsralion thal usse mainly 8 new (1-MY) genarator and produses
3 field atrengih of 50 kV'm in the test volume.

Ay atiatle Inorarmntacisg

s Elpctric and magnelic fleld probasz {ground-plana and fraa-flald) up to 12 GHz bandwldih
s  [Current prabas up to 5033 VIHz bandwldth

*  Severgl fibre optical lines up b 5 GHz bandwidih

*  Transienl recorders and fast analogue scapes up to 5 GHZz gingle-ahot bandwidth

¢ Meodern MC-based data acquisilion with mathesnatical features

Arzxiiary 1BRT Sontipmant

Infarmation not provided
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T.8.2 Gearmany - WiE indeor guidsdewrave simulaios

Frw s e Ane

M aara] Infe renmtinn her formatinn
Simulater type:  Guided=-wavg Lacallon:  blungler, Gunrany
Termminalionm or  Dislribicles resn e load Cwner:  Wehrwissenschallliches
raglative laading: IrzLilul fare
Major lmulator  Infonmedlon not srosidsd Sohutrteshnalagien ABC-
dimenslanisk Sehutz (W 3)
Test volume  3,75m [high} -. 2.0 m {wids) Pgink of contact:  [mnial kitsch
dimenslans: . 2omolang) Wiwhrwissenzchalllichos
Instibit Bir
Almpdator PnpEt optlons Sohulzlch1sloglae A0C-
Sahutz (W 5).
Frimary pulge  Diferen] gemsralore C-ZBA32 Muneber.
pOWEr! lalz 48-51 4E-136 326
Rapatithon rata: Up to 200 pulses per minute Fare: 40-5182- 136358
Low-vollags ar CW  Vas E-mail:
test eapability: PanigiN tschi@bwh.crg
Elgpsirornagintis sharasieisbion Inltlal aperatian dale:  Informaton not provided

(N EBET WDIURT B URiss o118MWISe o) Status!  Ope-atinnal

Eleclric field  “eilical Avatlwkiiiy
prlarizatien:
Li@ Impadanes &7 01 irpunt da tormingdarg her government:  ra3
Wave impedance: arTin
Feak eleclrie fleld:  Up Lo S0 EWim Industry;  es
Feak magnelle  Upte 132 A'm
figia:

Pulse rlea g 32 s 100 s [10-£H %)
Prepulae:  Infarmaticn 1ot crovided
Pulge widihe 2 15 or 2 000 ng [1°§)
Field unifarmeity:  Good [ne Twlhes nlonnelion
provslded

Other; MEMF, LAWB anz arblira-y

wavefonn jenera:ars
auailab s

Copyright by the International Electrotechnical Commission
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Typles! Eme-domzin wavek: Teplgal frecusnay aoenizum
MEWVP, UWE and arbHeary wavefoms Imfarmation nol providad
Fuailable

Other technicg! information

Gengral deserigiion

Infarmation not provided

Avaitable instrumantation

Electric and magnelic fizld probes {ground-plans and frae-field) up to 12 GHz bandwidlh
Current probes up to 500 YIHZ bandwidth

Several fibre oplical lines up o 3 GHx bandwidih

Several semri-rigid cables: bandwidih up 10 18 GHz

Translanl recardars and fasi analagqua seopas up ta 5 GHz singla-shat bandwldth (20 GHz
repetitive pulse handwidih)
Medern Mc-based data acquisilion with mathermatbcal features

Avcsiliary test aosuipment

Information not provided

Copyright by the International Electrotechnical Commission
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T.6B.4 Germnany - ¥FD

Arbat's visw of otoe YOI sivelistor

. RUFLDET STRE: TR
ErIs s

[ o]} Ll cE T
b Q?. Cauwal -
Laklawl

L

TOWEE SLHILE -

" Y REFERERRCE )
R el

A

— pame T LIKK CREE

RS- . S
A - CEHTROL ARD WARVRERENE BN S
w_i:;'.-_.L', _ 3 i . s .
e g eal infe caadion SHAer Baieyaatior
Fimulator type:  Dipole Logatian:  Munsler, Gennany
Tentinalian ar  Unignn, sparsq, dislribalyd Cngnber! Wighrwissnnschyillichgy
rexiative loading:  anlenna iesislive luading InsLilul for
Major alimulatar 17 m dis melar Sahulzlesh1alagisn ABG-
dimenslan{gl 12 m msxlmum Felght Hohutz W 5]
Teat valume & m (high] -~ 10 7 [wids] « Poink of contaet:  Lenlel WIEECh
dimenalena: 10 m (lerg) Wishrwizaanachaftliches
* - Imglilul, Har
Fleutator INEET 2ptone Schulrlerchialigian GMRGs
Sehulz (W 5,
Arimary pulss 260 KY Marc geomrawer will L-28632 Muneter.
power:  peaking rspacitor Talo 4b-51bck-134 386:
Repetition rate: 1 pulse per minuly Fax: 42-5102-136353
Laws=valiage o CW  Informellon ncl prosdsd E-mail;
Lesl capabillLy: Pgnlalk tsch@tlwb =)
Eluodrommagesriic sharesisiglicn Initlal eperation dale:  J0HF
in brre wnlum e untans ol wonwinn poted) StItus!  Cpngeplual desigr
; . e plelyg. Gy npunans
Elggiric finld  Varicgl unden procure el
polarization:
Lins [mpadanasl 75 ) (lnpul Lis ke rmilmalor)
Wave Impadance:  A7T 1 e
Faak alactrie flald 10 F¥m @ B n [ror po s o Avallailitty
i
Peak magnalle 27 A0 & 3 m e pulear Other povernment:  Yea

fleld: &pex
Pulse rlea tinam: 1,3 n3 (10-B0 %)
Prepulse:  Infarmation 1ot aveilebla
Pulsp widih: 60 ne
Field uniformeity:  Inlnnglicn -wl availabla

Induatry:  Yaa

Ciher: Infzrimatlen 1ol 2 rowidod
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Typles! Eme-domzin wavek:

Infermation not svallablia

Teplgal frecusnay aoenizum

Informailon not svallable

Othe s techmles] Infarmeiion

Genaral degariziion

Infermatian not provided

Availzhle Instromontation

*  Elpeiric and magnelis fisld probea {ground-plane and frae-field) up to 12 GHr handwidih
*  Lurrent probes up to 5303 VIHz bandwidth

»  Several fibre optical lines up to 5 GHz bandwidih
s Savaral sefri-rigid cables: bandwidih up 1o 18 GHz

*  Transien| regorders and fas! analggue seopes up to 5 GHz single-shot bandwidth {20 GHz

repetitive pulse bandwidth)

*  Mecdern PC-based data acquisilion with matheratical features

Auxiliary test eouipment

Infarmation not provided
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7853 Germany - BIGUS

TR 61000-4-32 & [EC200EE)

g mvieied Imdn rrnadion

0 Wiclerd-wawe
Gl ceric
reslzira | Sed
Al m averall Iength

Sl latar byps:
Teeralt Inali ool o F
raslatlve loading:
Majer slmulater
dlmquslurl{s}:
Teat voplume
dimensyions:

saclhon  wilh

& [high) by &m (wids] by 13m
Hig)

Sirmudator inpst nationz

0,5 MY Mg generilgr wilh
peakimg  capscl.oe;  100-kY
penerala- o fasl -laz hmaa

2 gnalz per minute

Infarmatizn 10t arowded

Brimary pulze
power:

Repetltion rate:
Loaw-yolinga or S

tast capabillty: Status:
Elzctiamagneiic sharactsiistios Avabl ai:iify
{In fast wolume uniass ctherwies nodad)
Eleciric flokl  verlical Gowernment:
perlarlza Licar:
Line |mpadance: 150 12 {inpul to srminziter]
Wave impedange:  lulenmglicn -l 2rpvided Industry:

Peak Eleciris Fleld:
Peak Magnelic

~00 EWan
Infenrlicn ol rovided

Flald:
Pulee Rige Time: 1,550 ng ¢ 2-80 %]
Prepulas  lnfarmatlon 1ot zrovided
Fulse Width: 10 nz-250 na{*ra)

Finld Uniformity:  »  Uniloemily of 2orle3l

conpontea. — |nformation

Aol Frovidad

. Fall Wil of peik lighd fron
feanl Lo Back of Lagl Yol ma
= [vla nallaq asl prse ded

«  Hori=omtal ezmponents as
per cant ol vertical
enpmne nfunmalion
nol grovidad

Qthar: Itz 1ol 5rowdod

Copyright by the International Electrotechnical Commission
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Taher drformatio

Lasallon:
Chaliwirr™!

Paink of contact:

Inltlal cparmatian dals:

Hiulgan. Sermany
Lnlearally wl Slullped

Martin Kull. HY-Lak,
Lnlverslty of Stuttgart,
hielsenstrasss 148,

-TATED Cstﬂldqrn-Nallinga 1
Talaphons: 497113413075
Fax! 43-711-348-166%
E-mall: m kmiligdl eh. unl-
slullgarl.de

1 6L
Opa-stional

==

Yas
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Typles! me-domzin wavek: Teplgal frecusnay aoenizum
n1 .

1
! Infarmailon not avallable

e e e

"
X

Other technicg! information

Gengral deserigiion

Infarmation not provided

Axzllable Instanmantaticns
Nigital Oagillpacopes with AW yp to 1 GH=

E- and H-fisld sanscrs, BW 50 Hz ... 500 MHz, dzatlme ~1 ns
Current probes

Arpxillary taat goulpmand

Infarmation not provided
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T ndia - EEWEMPD dndiz Bounded-wave BRIP simuiabor]

Infommalion not provideas

Gonaral informstion ather inlrmation

Simulater byps:
Terminallon or
raslstlve loading:

Major slmulator
dimanslongsj:
Teat volurme
dIMmeNE|oE!

0 wided-wave
Infarmatlen 1ot 3rovided.

AR gl

Sn gh] - o [wde] s T
m ilarg)

Bhmdaior nput aptlons

Frimary pulae
Pawser:

Repsatltlon rate:
Low-volinge or CW
st capability:

0,z My

Infarmatlen 1ot 2rowvided.
Infarmatlan not srovided.

Eleztrornageistic characizsristcs
{imdast volume uriyss athgrwize naled)

Linr | padancs:
Eleclric field
polarization:

Wave | pedarncs:

Paah glaciric figld:
Feah magnalln
Figeld:

Pu s flBg tlis!
Prepulse:

Pulse widlh:

Fleld unifermity:

Giher:

150 ok {Inpul to terminster)
Vartical

AFT W HEMF B3hereal
WEYE]

BRI

-

10 ny (uninyl]
Tnfcmplicn ol crovided.
1000 ma 147
Infzrimallen ol 2rovsdod.

lezl obpesl akea — 3,5 m by
4.0mby 4% m

Copyright by the International Electrotechnical Commission
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Laestion:

Chireer;

Paink of contact:

Initlal cperation date:
Biatua:

Availabiliiy

CHIES Loy e gL

Industry:

Harpgalors, Indls

LADE

L. L. T Fenda, Sclentlat
R

EMWR Cirizion, LRDE, <V
Famar Magar, Eaugalu';.
e

Fax: 91 037 3242015

Infarmatlon ned provided.
Infarmatlon nad provided.

Infarmallan ned provided.

Information nol providad,
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Typles! Eme-domzin wavek:

Iformallen nol providad

Teplgal frecusnay aoenizum

Information nod provided

Othr s technios] inforspiinn

Genarzl dazzriptlon

Infermation not provided

Avziiable instowmnentatics

Informalion nol provided

Auziliary fesh sruipmeni

Infarmatlan net providad
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ngdia ~ REWERPS {ropotitive hounded wave BMP simalator;

Infemmalion not provided

Lrnnarel inte rmustion

Slmuilator Ly
Terminplign gr
rogs e [aading:

Major almulatar
dimenslanay
Teal wolurme
dimenalena:

Tmidad-wave
Infzrmaticn ot 2 rouidcd.

4,5 [lang.hj

1m;ighl =~ m (wde) » 7
m {lara)

Slvmaiator inpst sptlong

Primary pulss
Powar:

Repetition rate:
Lﬂll-".l’ﬂ“iﬂ& [Tl
te=t capahbility:

LIR P b

Informaticn et 2rouidcd.
Tl rirnglicm =ipl 2reulad.

El==tramagnaile characisiiatics
{Ind2at valume e laas abherwbee naled)

Ling Impedance;
Eleciric (fakd
pirlarlzatiomn:

Wava | mpadne:

Feanh electriv field:
Peak magnelles
fleld:

Pulae rlaa tine:
Prepulsms

Pulsw width;

Flald unlfermlty;

Cthar:

400 e (inpul W Mznninglar]
Wilival

T 0
LR
100 ke
265 Aim

[HEMF =2phsrical

10 ne [peak)
Infarmatlan ot srovided.
BO0 ns {1iaT)
Infarmatlen 1ot srovided.

Test nbfez] sira — G m hy
15mbyl1SEm

Copyright by the International Electrotechnical Commission
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Sriher binematipn
Laarian:

Cnal e

Paint of contact:

Inltlal cperatlan dale:
Status:

Aarapbaiziiity

her gevernment:

Indueliy:

Rar g.alnrq.. Indig

1RNF

Lr. D. 2. Panda, Scisntist
E

EMR Clvizion, LRDE, €V
Famar Wapgar, Bangaln-=,

590023
Fax: B1 D3 245016

Infarmation ned providad.
Infiarm ation el prooidad

Infarmatlon nol providad,

Informallon ned provided.
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Typles! Eme-domzin wavek:

Iformallen nol providad

Teplgal frecusnay aoenizum

Information nod provided

Othr s technios] inforspiinn

Genarzl dazzriptlon

Infermation not provided

Avziiable instowmnentatics

Informalion nol provided

Auziliary fesh sruipmeni

Infarmatlan net providad
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Imraed — Ralagl guided-wavs EMFP simulaior

Putzs gavieralar - Transiizsion bie - Tormisstior

e narglinforeytion

Duided-wave

Nn ouspur conic section with
sparga, distribuled  resistiva
Inad

120 M ovorall lang th

Z2 i mzxinun Fuighl
Infzrinallan 1ol 5o wded

Simulator ypm:
Termminalign gr
rexistive loading:

Ma|er elimiulate
dimemelonfep
Teat yalume
dimenalona!

Biemdarer Fnpay aptlors

-0y Mare  generalor  wilh
peaking o5 pacitor

Infarmatlen 1ot 3rovided
Infarmatlcn 1ot 2rovided

Primary pulas

PawRr:

Repetitlon rate

Low-roliage or CW

=3t sapability:

Efcciramageeiic gheregieisiga
N 5B WDIURT & UNIGEE ol 18rwIse moad)

Eleclric ffed  Veillcal
pelarizathon:

Line |mpadance:
Wave i pedar:e:
FPaak elactric fleld:
Peak magnellc

W0 L4 (input to larminatar)
AFT i

Infarmallen 1ol 5rowaded
Infarmaticn 1ot 3rovaded

flgld:
Pulse rixe time: =5 ns (40 %00 %0
Prepulse:  210%
Fulae width: Infzrmatlcn 1ot srovded

Fleld unlformity: «  Geod (#15 %] uaifermity
ul il ornpmenl
+  Fell-off of pazk fiald frem
frant to back of ast
wez e — Infprroglinn Al
priwided
Honzertal componanta 210 %
of verigal com ponank

Qiher:  Information ot 2rouided
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“her i icymatian

Locakicn:
Charvar:

Pgink of gontant:

Inlflal cpermtlan dale:
Fhntna:

Avallaixiiity

xthar gouarnment:

Industry:

Faifa, lsrazl

RAFAF| — Izgali
Armarrent @nd
Cevelopment Satbosy

L. Jozaph Sh Ioh, Cirector,
EMP gny Pulsyd Puwsr
Cepardrnenl |Ooparlmenl
235, RAFAEL. Deregh Ak,
F.0. Box 2250, Halfa

lelap wane: £72-4-578-3Hb
Ham: US2—4-4ei-bEh

1980

Qpe-ational

Infarmatlcn ned provld ed

In wririgbicn ng| prowid ed
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Typleat dme-dommalkey wavebnen

Infarmation not provided

Teplgal frecusnay aoenizum

Information nod provided

Other technicg! infermation

Gengral deserigiion

Infarmation not provided

Avaitable instrumantation

Information not provided

Auxihrary teai souinmeni

Infgrmatiagn not provided
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fpraal - Hataed hyvirid

fruite genevatar — BEllig

s,

puinss supsari sland

Geacal inforivadion

Blmulator Lypa!
Terminakion or
resistiva loading:
Mg or 3imulater
dimgnelanis]:
Test wolume
dimanelang:

Hybrld
Unl*arm, Ssparze,  diambuted
antenna razlztive oading

A0m avaerall lengtl

10m zulza- centra-ling helgl
Tnlrrgliom sl 2rewided

Ervpslator inget splions

Primary pulse ppower:

Repelilicn rate:
Low-woltane or L
toet capabliiby:

0, 5MY Marg generale- with
praking Lopacitars
Tnfcmnaticn ol ziovided
Inleznraticon -wal zriau kb

Eigotramagretic charasisristics
il Lok, volurr e uniess ol 1o rwise wowed)

Elactrc Anld
palariration:

Bleona Impedants’
Wave Impadaneg:
Feah elechric field:
Prak magnelic figld:
Fulge rlge time:
Frepulss!

Pulas width:

Fleld unlfarmity:

Other:

lnArcrtal [gar y tires)

1600 Lk

ATT 12 [q;grl:,l lirigs )

Tl renglicom =mal, rauklad

Tl rrsglicm =mpl 2rpvided

=5 ns {10-90 %}

InfzrinAllea 1ol =rovided

Infarmatlan 1ot srovided

- Prak 1erzontal F fizid
panallol w simulalo axis
= Iafa~malla1 nal
prowldad

- Varlical and ukhsr npne
priveigs | coanpireer s -
Infaemallen 1ol 2 rovided

Transpartebla

SHher ik mation
Losallon:
Kiwner:

Palnt of contact:

Inltlel aperallon dabe:
Blatua:

Availmiiiiy

Hal'a, larasl
RAFAEL — Israall armerment
and Davelopmea! autha -y

L Jaazgh Smlah, Blreclor.
E®F and Fulszad Fowar
LaparhTenl (Daparlmanl 233,
RAFAEL, Darach Alo. P.I
By 2250 MWt

Talaghpna: 372 4-gr3-5216
Fax: 972-4-873-5515

E-mail: [ehllzhg ralasl.co.ll
1931

Oarationa

Slhar gerarnmant! Inorredicn ool provided

Industry: Intarmatizn nol prosid ed
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Typleat dme-dommalkey wavebnen

Infarmation not provided

Teplgal frecusnay aoenizum

Information nod provided

Other technicg! information

Gengral deserigiion

Infarmation not provided

Avaitable instrumantation

Information not provided

Auxihrary teai souinmeni

Infgrmatiagn not provided
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T.ET laly - INBIEME

Tran s lon iifs -

i
Temnlagisy PSS genprattr Butiging

Gt aarel infs ration Sther erfarmation

Locatlan: 5.Piero a Grado, Fisa, taby
rvengr: TISAM talian MM

Simulator typa; G uided-wava
Terminakign gr Nn output nonic seoiion with
resiztive loading: sparsa, distrihuted  rasislive
Inad

Ma|ar gimulalar 1:0 ™ odorall langlh Pgint ol pontack: Tl Flie Bollari 150
direenelan(s]: ZZ m mExnum Felghl leink  Expmrimgnial  Wiliary
Teal Yolume 4 m (hlgh;. ~ 10 m [mlda] =10 Ternlre)

Dimegnzigns: n iloryg)
Siezdatior inpEt splicns

I"rimarg pulse power: 1,7 MY Marx ganamgtar -wsith
peaking  capasizor;  100-W
nenerain- Sor Fast -iss fimas

Repelilion rate: 1 bk oo il
Low-voltage or CWW  LIndeer gownsiszrlinn.
teat capabl by

Elzztramagnsilc characioilztles

RETRE IR [T E TR RS D LN MR |

Electirc Awld ‘Vortical
palarizalion:
Linm Impeadance: 100 v [Inpul Lo lorminsln)
Wave Impedance; 2177 1%
Pepk elegkric field: Cpafoms to AEP-Y &d, 1306
Prak magnelic field: Conlgnng e AET-1V o). 1388
Fulge rige time: <303 {1030 &)
Frapulas: Sanfoang Lo G071 ed, {285
Pules width: 2P0 ne
Fleld unlfarmlby; «  Geod (#18 %1 wailonuily
ul il ornpment in
warlical sscllan
«  Fell-off of pesk field frem
Trpnl b Bagk el sl
vclume — Infermation not
provwlded
«  Horirgmtal gomponants —
Infarmaticn Aot 2rouidad
Dther: Information 16t 2rouided
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SE01] S 1Mars 3 Gradao, |'aE
Telgghbne: +39-050-251350
Fe: +3-0a0-UE4 338
E-mail alio.batten@zizam it
Inikizl pparatien 1593
dale:
Batus: Dperalivnal

Avprbphiiiny

Qihwr govarnmant: Yas

ndueiey Tos
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Tykead dimg-dgaeain wavahors: Typiopl Mossenoly gResiasEn

N ' N Information ot provided

® ;ir.-:-':i..ir'-"-;.;':l-"‘;'

. i
H H = =

Other tachnics] infarmation

Genarzl dazzriptlon

The syatem ia designed to test according to MI-STRAB1C. A description of the expedmental fald
chavactexizafion of the CISAM EMP facility and an overall EMP facilty simustion based on sdvanced
predicthon locls (e EMC 2000 by Matra MMS, France) = avallabla In: C. Impashmale, L Pandni, E.
Bottan, L. Inzli: *Evalygtion af the rgdigied lighlning coupling on regl MY pover lites by EVIP simulatar”
13" Intemational Swnposium & Technical Exhibion on EMEC = Zwich (CH), February 16-18 1908
[mlamnatien aboul the artenng deslan bs glvan e L. Carboninl, "Cotrparlaan of Analysls of 2 WTEM
Cell with Standard TEM Cells for Generating FM Fields®, IFFF Transaciignz an Fleclromagnetic
Compatibillty, Yol 35, n. 2, pp. 255-263, Mal 1883,

Avazilable instrumentaticn
The mamn acquighion systam s basad on 7 cinculls Melopa 1000 Thomson connected to 7 oplical Inks
whpae kengih i atkoul 390 m.

In addition, 4 T1060 intearators with their related clectric and mapgnetic field subaminiature
gangers, 2 BUM-In ET 1052 eangars and 1 voltage sensar whh A 1G04 Inpuls far vallagascurrant
megsremeants are alzn available.

A varaly of oscilloscopes up o SO0 MHr s ako connactad to a PC thal incdudee a dedicated dats
aequiaition saftwgra (FEVITCH b prodess and Slores the waveforns gutomgticalty 4iquired by the gystem
durineg elecircmannetic fislds and voltaogedcurment mmeasu remeanls.

S Higry test saisipmant

Closs 1o the Facllily Instruwandatlon s avallable to parformad conductad EMP and LEMP tests
accarding o FINABEL 2414 {wavelorm A, B for EMP; €, O for LEMPY and EFA {LEMP-EFA-1
and -2} apecificationz,
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TR 61000-4-32 & [EC200EE)

The Hetheriands — BMIS-JH-HPR

Simylator phetograph

Infomalion nol provided

General infarmation

Simylator typa
Tratt Inalion ar
rexistive loading:
Major alminlate
dimenelaniap
Tedl woluirme
dimenalora:

Hyhbrid (dipds1 antenna
Uninrm,  cparsa,  disiributed
aanbzimn rrsislive: miading

100 ™ averall lang lh

Z0 m high

100

Blmulator Inpst aptlons

Brimary pulse
power:

Rapetition rate
Law-voliana ar C¥
3t wapability:

O, 5-My s geneialur wilh
peaklng cEpacllors
B0 PU|BEB S&r Pour

Informedlon nat frovdsd

El=cttamagn:=:i¢ csharactsristics

T ey welumr s

Eleciric (fakd
pelarlzation:

BH:D 0 | W padance:
Wave |mpadaraa:
Paah elagtric field:

Feah magnelic
fleld:

Pulgw fleg e
Frepulss:
Pulas widih:

Fleld uniforrnlty:

Gher:

]

TR Vi i)

Huiieor Lal oy Lirnes],
Fogilroe or Maga lve

140 Dhmz

AFT Gihma [e4a- y Imeas)

2 kv £ 100 meters frem
pulsir ape.

Infarnglionn we;l prosidzd

=5 nE {10 %=-bu )
Infarmedon act srovidsd
Gonfwmnz 1o AR 354

Informedlon nat qrovidsd

Travapertzbla  3imulale-. Alsa
an b configyrad in dipele and
Irar sinissinn- ing warsicas.
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Dther infarmation

Lagaticn:
sl

Perlnl of canlacl:

Initial cperatian dale:
Status:

Avapilabitity

Othear government:

Indugtry:

The Hague, Tha Netterdands
h.ott e znds Qg anization fnr
Apppliced Snicrdi i B rsiansh
{THC) Physlss and
Elodromics Lasaralony

Edzv L. Inlrea,
Eldrcmagnetics Effecis
Group, [N IYEICE

1 abnratory, Sude
Wiaalsdorperw: g 82,

P. 01 R Q638

509 UG, The T

lalap hane: 31-T0-374-0455
Fax: 51-70-374-DE33

E-mnall: Inlres @ lel lno.nl
—1033

kol persilicong]

‘fa3

LG
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Typlez! Eme-dormaln wavefom Typtoal e noy EDeSITEm

Informalicn nod provided Infarmatlon nod providad

Othr s technios] inforspiinn

Genarzl dazzriptlon

Infermation not provided

Aveesd indrly inpisurentatiing

Information not provided

Auvillary tast asulpmant

Infarmation not provided
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TR 61000-4-32 & [EC200EE)

T.58.2 The Metherisnds « EHIDTL

Puiso gencrator - Transmizsion line - Tominazer

Geaara! Infereation

Slmulator type: Guidsd-vawe WimimnisgEen ling
Termrimaliom or - Mu valpal voniv seclion wilh
réaglative laading:  apacres, clalibulad razlallvs
load
Major aliulalar 50 11 {lerglh)
dimangignis}:

Toxt volume & m (high) » 10 m (wWide) = &
dimendiorm:  mlerg)

Shmdator Ingy? aptions

Brimary pulee 0,5 MY Mg generaler will
power:  poaklng cEpacilon
Repetition rate: B0 ahola per hour
Low-woliage or BW  Inlonmellon asl proddsd
teat capability:

Eiciromagistc characisnatics
:Il'l t=57 wplun e Unigse Gl12nyias noied)

Line Impadanas! 100 ok (Inpul Lo lerminsler]
Eleciriz fisld  Verticel [positive ar
polarlration:  negativa)

Wave Impadance; 377 0 [HFMP  xpharical
wWava)
Faak elactric flald:  A0-30 Kwim
Feak magnelle  InfarmAllon acl soddzd
flgld;
Pulse ripa tima:  1-5 nz [10-4H) %)
Prapulss:  Informadion nct providsd
Pules widlh: Conforms to AFPY csition
24
Fleld unifarmily:  frlion wecl il
Omher:  [ravsparlebla elmuolalor.
Aleo zar be conflgured In
half-d pola warslon.

Dher vermation

Latallon: Tl Hague, Th Mellerlangds

Cwmer: bl oilznds Onganicalion lur
Appllad Sclanll’ls [ieaearch
{THC) Physles and
EbecAnsrics La seralony

Palnt of contact:  Edzy L. Inires,
Ehkidroanzigus ks ENMucly
GGramg, THD Prgsins
Latbpralory. Cude
Waalsdorperwesp 3,
F. 0. Bou Y5364,
2542 JG. T Hagua
Talephons: 31-70-3r4-0155
Faoe: 01-T0-074=DE50
E-mail: Intras@fel tne.nl
Inltlal sparatian Hals: =1902
Sletus:  Opetplional

Availability

Othar government: Yoy

Induatry: Yag
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Typiozi vlmap-domain weveforms

Infarmation nat provided

Tepigal faGeday BRSCUEM

Infarmatlon not provided

Mher isshniss! Infarmating

Genaral deseriptlon

Infarmation not provided

Ariziiable instnenentaticn

Infarmatian not provided

ALTERIITY 195T Suislpment

Infarmatloan not providad
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TA8.3 The Metheriunds - EREE-IILVFD

Fulse gersrator - Conic antenng - Fibreglass support system

G rgerripd e reantion Driher Evbermation
Blmulater bypa: Dlpsla
plana;
Tarminatlen or Taparad, zl=irlhuied raslsive
resishive loading: Inading
Majar simulaiar 70 m he ghti
dirsenglan(s]: AR in {ili=rciur)
Tael walume 100 M
dimenslang:

Bieasdaror lnpsy antlons

'oE e Locallen:

Erwrrer:

avar g eeund Tha Hagua. The halharlende
Metharende L rpamzatien for
Appllad Sclantff r. Research
ITHC ) Phys caand Flegtrmn o
| abnrmlary

Fuhily 1. Inlines,
Elaclromagnellcs Effasle
Sroup, IND Prysice
Labpratory. Dude
Waalede-paraeg 63,

F. Q1 Poo 98854,

MG G, The Hagoe

Folal of cunlact!

Primary pulae ppwer: 0, 5-My Mars generglo- wilh

Repalllicn rala:
Low-valtage or G
teel capahlilty:

praking mipiilor
&0 yhieds per hiow
Mot ewellatda

Ei=ciramagnsii¢ eharacisiiaics
o Les, wolurr o bsices Gl 1erwigs nawd)

Inltlel aperallon dabe:

Avallaklipy

Eigtua:

Tezlesgrhiangz: 31-7-5T4-0355
Fax: 31-T0-374-0653
E-irail. Tulr=sinrel ool

-4 HEd

{kzarationa

Cone impedance: 7511
Electrde Aeld Verticel (paalllve or negative) Olher government! Yes
polarizadon: Industry: Yes

Wave Impadangg:
Feak glachiic figld!
Feok magrelc lieid:
Fulsae rlae tima:
Fropulsa;

Pulse width:

Figid unifgrmify:
Mher:

ATT 1k [HEMP sphorlcal wave)
kvt g 1@ m (i fa i)
Inlormallon nal prodidsd

=5 ne {10-90 %}

Irformadion nct provided
LConfermnz to AEP4 354

Tule; rienglicm -al 2 rauilad
Trrpaorl=hh simulair, Alsn
van b gonifigared in oy
lraremiselan- Inc woricon.
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Typlosi ihwadoms s wawedorm

Infermatlan not provided

Tupleel fraguency SEeciiym

Infarmation nat provldad

Mher isshniss! Infarmating

Genaral deseriptlon

Infarmation not provided

Ariziiable instnenentaticn

Infarmatian not provided

ALTERIITY 195T Suislpment

Infarmatloan not providad
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7AZ2%  Russis - ERU-Z8

Hionulakad npist Bection

Flninziator gedsatry

- L _w-.";f‘:;-
Ves|IgEE g A T
e g
s A% o
—_—

Genaral Infarmotion ther pformation

Simulator typs: Guded-wava {1Mresplate  with Locallon: Serplay Fogad-T. Moacow
digtributed termiinatior) Reglan, Rusale
Terminatlon ar No outpot conle  eacilan with Owher: Contsl Inslilule of Physlas

regivtva loading: apares, distribite: reeiziive loRd
Ma|or simylalor 20 m foverall length)
dimenslonis);
Taet valume & i (highl - AU m Swlde) -~ 4 0
dimenslons: la1g)

Slmulator Inpor optlons

and Tachne ogy

Point of gantagt: Information nat provided

1982
Ooeratlona

Inillal speralon dale:
Biatua:

Avallakiilty
Primary pulae power: 1-MV Iy generdlos wilh o lse-
ahaging network
Repalllon rata: 2 fulzaz par mlavie
Low-wvaltage or CW HNot swsllabla

Slhaer goearnmenl: Yoz

text capabiliy:

Eleriramagnstis sharagiziietica

i I 2 i 38 o1 18MWER )
Electdc Aeld Verllcal
polarizadon:

Line Impedanca:
Wawve impedance:

Feak Blactc fiaid:
Faak rnagrmlil:. 1iald:
Pulse rige kimg:
Frepulse:

Pulce width:

Figld uniformiky:

Other:

120 18 [inpul to 1erminster)

AFT i

[HEMP oiherlcal wave)

Al 104 Kim

B5-PRE Am

2020 nE 11008 )

Tl eenglicom =mal, 2rauilded

ZB-730 w10

»  Cood [£30 %) wrlforalty of
wartical companant

- Fall-ol of peak Tweld Trom
Tecannl T Lo boadl Deesd wceloinnne
= o makla1 nal proe ded

= Horizonkal  coimpang s
Tulerrrighicn el 2rgv idgd

IieElEtively terminetl=d d3-plate
iraramiasian lne.
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Typles! Eme-domzin wavel:
E::ym. w L .

Typlgal Feaqianoy EReswnm

DEEITRN S

Dihey Tachnicsd Information

Benaral Dagcription

The simulator "ERU-2ZMM" consists of the pulse generator, transilion seclion, fhres-slactrode
antenna aystom, and tomination rosislors. Tho transition scoction adapts the coaxial culput of
the pulse generalar to the balanced kansmlssion lina. The lap and boftom wire platas ars

grounded. The terminating registors are connected belween the ends of the wire plates. The
simulatar is located in a heated hall of dimensions S0mx30mx20m.

Available Insteementatinn
I he zimylator hag an undergraund inatrumentalian fapr mrd gutomaled megzuning ayatem. The

systemn measures fAee-space high-amplitude pulsed electric fields with peak amplitudes from
&8 KW 1o 500 Kvfm, 0.5 ne rlea lime, and pulze duratlons fromn 20 ns 1o 1300 na.

Ruiziiary Tesd Snalpaend

Mone.,
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7822 Hussiz - SEMP ..M

Hhnulaze: gaomeley
(LT EF IS 3 | LR Zoede.. EEPFI

" M'\n’

G ngrnd infe radion her islermation
Simulator bypa: Gmded-wava Loeallon: Semiay Pozad-f, Moaoow
Terminakipn or Shot oMpal con o gaction Eeglen, Husgig
resiztiva laading: with distributsd resistiva load Ouwner: Central Institute of Physics
Major simylalar EQ o (uwierall ey by ] Teghriey poy

dirnenslan(s]:
Tesi walume 15 m fhigh) = 20 m (wida] -
dimenelang: S0 m lorg)

Paint of gantagk: nformation not prowvded

Initial gperatien duis: 1092
Eimmdmer lnpwt Optlens Satue: Dgrationg
Avgilabitily
Primary pul3e power: &MY Mac  penztelar wilh
pulze-zhaping nelricek
Repalitien rate: 12 pulzes Zar Four
Low-woltans ar CUW NOL aysliakia
tost capablilby; Indueiry! ho
Eisstromagrnstis sharaaististicn
tin te&7 wolurr e unlass ol1arwize robed)

Qiher gavernment: ‘as

Electrc fleld Vertlcel
polarizallon;
Ling impedanmge: 120 0t [inpul e lenmningler)
Vawe Impadanes’ 377 o)
[HF MP goharlzal wavah
Puak wlwckric finld: 20-100 EVim
Peak magnelic figld: &5 265 Alm
Fulxe rlge Elwme: 9 05 (10-80 5
Prapgulga: [Informaticn nt crouided
Pulgs width: EED ne | e

Fleld unlfoomily: +  Excelant i210 %)

uniformity of wartical
CImponan:

= Fall-off of pask flald frem
front to back of Tast
wilume — Informatlan not
rrowidad

Hnrrorial componants —

Informaticn et Zrouidcd

Other: nfsrinallon el 5o idod
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Typles! Eme-domzin wavek:

Typlgal Feaqianoy EReswnm

ELILR el

BRLLY g

Githar dechmics] faforsistion

{senaral daseripiion

The SEMP-5-2M simulatar consists of 4 Marc-type pulse generators fwith maximum woltages up
to & MY, 260 KV, 8¢ KV, and 5 kYY), o pulse-shaping notwork, and a 2plate fransmission ling
with tarminatar and adjustabls capacity. Wiraz forming the baoltorn plate of tha transmizsian line
are locatad in the concrete of the test platform. The 5-MY¥ generalor produces the fasl-rise-ime
and peak-amplitude porlions of the electromagnetic pulse. Auxiliary generators produce the
zlowly decreasing portion of tha slecliomagnetic pulae.

Aoezileble Inntaementatics

The simulator includes an underground instrumentation reom and automated measuring systen,
The meaasuring system congists of oplo-alactronls controllsd msasuring chamnele, recording
devlees, control computars with appropriate soffwara, and a proteciive shiglded anclosure. The
total rumber of measuring channels varies from 8 to 80 pieces.

I he measurng sysier (ncludas & varlety of difarent sleetrls figid and magnshs flald sansors.
These sensars provide the megagdng of electromagnetic pulse with  the  following
characteristics:

v Amplilude range:  1-500 kvim;

1 Hige tire: 5-500 n3;
v Pylge duration: 10 ng 10 ma.

Azgiliary tesh aruinmeni

MNorg
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132 Hussip - PULEBR.M

£
Genaral Informatlan Other Informatlon
Bimulator bypa: Owded-wave {zonyentlar Bl Locallen: 51, Patarsburg, Hugsla
lerimilralion] Dwner; Lenlral  Aclerhilz Hesaearch
Terminakipn or 15 m {owerall leng:h) Institute

resistiva Ioading: 2-Gin plaiw spavitg wciable)

Major simulalar 22 1 (high) = & 0 (wide] < 10 Falnt of contact: L. Vassil M. K.oupnenko,

S enes Hessarch Derce of

arnenelanle]: ilong! ] 2 Cantral Seis it fic Razaanch
Test velume dwded-wave toonventiar al Inst bt 1SR 26 oA, Ryssian
dimenslans: 1armiration) Faalvaalian M -y ol Medeana:.
j j i Gargulskips, 1.
Sirmulator inprt options {HMBT 5L Pty
Primary pulse power: @00-KY  Marx gansrator  with Fe: T-B14-27 5-THAG
pulsr=shaning nRbook Initlal aperedon dede: 1922
Repelllion rate: 1E pulzos 2o Poue Slatus: {2arabona
Low.valtage or W hol as21lEkHa e
tesl capabllily: Avaliakiiity
Elstromagnetlc characteristlcs

Qlher gavernment: Minisley of Dalansa

vierinw, wezlun s B NILES T A L 1]

Elgrtric Agld Verticel 3 ) )
pabarizalicn: Indugtiry: Infarmaticn nod provid cd
Ling impedange: 150 & (Inpul L lenminglr]
WWave Imgedanea: ArFT Lk
[HEMP 5ol rical wigww)
Feah elechnic field: 100 kwin
Fegk magrelic fisld: 265 Ain
Fulas rige tims: E s (10-B0 %]
Fropllas: Inlcrmalicn 1ol zrowaded
Pules width: 150 na (1)
Fleld unifarmiky: «  Fale [£25 %) unligoml ]y 37
warliral coenpornsnl
»  Fall-off of pazk fiald from
frant to bachk of ket volu me
— Il mghine et wsal g dad
= Horizonlal oo mpon enls —
Infarmatlan 1ot 2rovided
Other: Inzeor EM2 zinulalar,
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Typles! Eme-domzin wavek:
Bl

WetnarH=

Typlgal Feaqianoy EReswnm

Cle s techmicii inforsstion

Geaarel daasrisilon

Thiz guideds-wrve FMP simulator is driven al @ pesk voltage of S0C kW by = 1,5-MY Manx
genaralor. Tha rise 1ime i 5 ns. Tha lop plata can ba at 3 m or 6 m abovae the ground plana,
which ig on the floor of fhe building bensath 5 wopden Agor. The larmingtion asgembly i@ A
serigs=parallel array similar to nearby large cutdoor simulators (SEMP-12-1 and SEMP-12-3).

rugmitzkle ingivisneontpiios

Infarmatian net providad

Acctfllary test aouioment

Infarmatian not provided
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Rusgiz - DERMPF.12-3

EXEEN LI L o

Genaral infarestion

Simulater bype:
Terminalivn or
regizbive Ipading:
Malar gimulalor
dirvenelanfe]:
Teal wolume
dimenelang!

e -vean's

Ehorl aulpul genic saclion wilh
dissbribulizd resisliog Inud

170 1 el lemg L)

i0m |:h|!'l|'l:| =& m peldzah - 100
m ilara)

Simmulator inpat options

Primary gy lae powrer:

Repelitan rate!
Low-voltage or G
teal capabliliby:

24y lar ganemtor with pulze-
shasing nodweak,

10 pulzes =ar Four

Mol A¥Ellatde

Electromagnetic characreristics
{3 sl velune B laid olhesyskss Anlad)

Electrc fleld
poharizalon;

Line Impedancs
Wave IMpedanee!

Peak slactric fiald:
Peak magnelic figld:
Fulse rlse Lhine!
PFrepulse:

Pulgs width:

Field unifonnily:

Other:

Worllcal

110 13 (inpul to 1srminzter)

ATT uk

[HEMF 3zherical wewa)

A0-200 K

Up to SO0 &'m

1550 res (1090 %)

Inleznraticm -wal nauilied

B0 403 rig (1]

«  FEIT (2% %) unifermiy of
vartical eemponant

+  Tal-olf of peak flald feam
lianl Lo back sl Loel Yol no
— Infa-matio azd prov ded

«  llgrirgrtal pomponents —
Tulegrrrighicn el 2rge ided

Conduttive groand plane doss

nol ezlend Lhraugh lesl valums

Bl g taek objects to be

Iocated slther shove or balow

1ha surace of the ground
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Mher inlarmation

Lozallen: St Matersbug, Rz
Owner; LCentral  Sclarifz
Instlbute

Or. Wesslh M. Koupnenko,
Y ance |tapaarch Gerrar of 25
Cental Selerific Reaearch
Inst bk 1SRG 26 CER). Ruzsian
Fedoralion Minlsley of Dafense,
Gangulskaya, 1,
191137 5L Palemturg
Faw: 7-812-27B-754
Inltlal aparaton dats: 1Hu2

Slatus; Ozeratlona

Fasaarch

Faint of contact:

Avallabiiity

Siher gavernmeant: kMinlsny af Doloase

Indugtry: Infarmaticn nod provid ed
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Typisyl time-tomaln waveioms [Freguengy-doraln dats ol provld:dy

] Eill k¥im — T ENTRETE
N e IR R B . 1.
::E- : !“" L R EEEE Xy B
I - F ]
oy S IJ"'_"E«\I\E': i
- B I s I o Dl..ﬁl.\; e SRR e —
MR ER R Al IR S S R S I I I
N R e T
20 F;E‘*_-;.:f,rl_;; I :::.ﬁ:.:::.::::"
o - - Toaoa H o N MR R

iR i 5,'3331..4/{:5........
T8a- Z16a7T 25387 2047 53R T 887 2807 Eper  He s d2eT
Trre te Tre 1.5

Nertical slectric Seld

Fenzortal elenyis o0
“ear te Zath surace

resr b Far solare

Mbe s iechmical inTorelian

Feraral daseriptlon

The SEMP-12-3 simulator consiztz of a Mars-type pulsc gencratar, a pulsc-shaping network,
d-plata tranamission hing with comic Ensition sechon, and  rmatched  rasislive load. The
discontinuous underground lransmission ling works with the continuous top plate 10 guide the
alectromagnstic wave acrogs tha working volume ragian. In addition 12 varlical electvic fisld
gompanents in the region of the working vplume in air, hadrantal components of the elechic
and magnatic fislds are formad in the region of the werking valumea in the ground. This allows
tect oblacls to ba locatad alther abova or balow the suface of the ground.

Aveiluble instanmentaticn

Infarmation net provided

Avecillary test anulnmeant

Infermation not providad
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7878 Hussia -~ BEMP-EE {sirnaisins of the glacirmvagnetin sulse)

iy gz oL 1 v

woral weldma

e neral indgrengdion

Simulator type: Gmidcerl-wiae
Tarmbinaklen 3¢ Conventic ngl Dol Ganig
rasiglve lxadlng: scollon w1 approe malaly
polnl raslelivs oad
Ma] or simuleler 100 M jowercll lengLh)
dlrEng lenle]:

Test woluma 10 an [high) = 10 0 (wide] =
Dimensigns: 100 jlory)]

Simeglator inpyt sptiona

I'-"rirnar:,r Pulse power: 1, E-MY ‘are ﬂ;naraio' ~ith
pulse-shapin: nrheork
Repalllian rata! 20 pulgde &0 Four
Low-waltage or CW Mol awzllakio
test capabl by
Electromagneilc characteristlcs
{13 F2ad walune eeiiasqg alhesrber Aaled)

Elmciric Anld Virlical
pobarizalicon:
Line Irpedanee: 100 ok [Inpul e leimninsken)
Wave impedaneg: 377 ik |HEMF spherigal
wave)
Fesh eleclhric field: Z0-100 kil
Fegh magnellc fisld: S0-250 Am
Fulag riae time: S5-12 ne |10-97 4G
Fropules: [nformatlon 1ot 2rovided
Pules width: 251z 253 na (1ra)

Fleld unlfarmlly: 130 % in tast wclurs
kg Tufontion wil ol
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Diher édormation

Localien: Islria, Mnsizw rog an
143E00., Russia
Owngr: Hig1-vollago Eclonling
Resedrch Cenl-s ol 4.1
Lenln All-liooelan
Elactnotecrizal [astituta
MHITs W)

Paint of gantagk: Dr Alexendar F.
Kharchankn, WHITs W,
143E00N, 1=,

Mgsiow regiven, Fas: 7-003-
gell-3107
Inltlal oparaton date: 1458
Blgtua: {Fzarationa

Avallabiity

Sl her goesrnmant: Yea

Indugtry: In‘ormaticn nod provid ed
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_ Typlezt tkne -dom:in wavefcrms Typtoal ooy ny BOSIIFEM
- TN .
Wl I'I
O II|I - -—— -
" —— Infarmatlan nod providad
Y 5. e
] % o
Ll ."-_‘ - -
o .
() [ L :xi' 1 aa ¥, - -I-u
, P
s
- -
L
: L E
-4 I.—'f i
o S PR [BELE

Othes technicai infarmation

e nsral desgrisiian

Simulater conaiats of Vars-type pulse generalors with Ihe maximur enitage up to 1.5 MY, A
pulse-shaping network and fransmission line with terminator, Bottom wire plate of iransmission
Ina Iz located In concrata of a tast platform. The rlza tima and amplitiude of sleciromagwstic
pulse are reprodyced by 1,5 W genaralar.

Avallable Instyementation
The zimulator haz an automatic messuring system. The measuring systam congisiz of opto-
alectronic contralled medsuring channels, recording devices, conlral compoles wilk appropriale

software and a prodective shizlded enclosure. The total number of measuring channel varies
from 2 to 4 piacaz.

The meazuring syzlem hasz eleclric field and magnelic field senaars. These senscrs provide the
ineasuring of aleclromaynelic palse wille the ollowing characlenslcs:
v Amplitude range: 10-200 kYim

r  Rizc timeo: 2-50ns
s Pulze duratlon:  14-1.5 ps

A ey test anuipmeit

Infarmatlan not provided
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Fi3.1 Bweden - DAFIENDS Z

yamiagio

ioht e

G aarul Infermuticn

Simulator type:
Termminalign gr
rexixtive loading:

Major shirulata
dimenslonis):

Toxt volumg
dimens lons:

G mided-wave

W outpal ronic eacticon with
sparsa,  dislribited  masisfive
Inad

an m (lengla! (130 0 sl ading
termirstion) = 30 T fwice)» 13
m thigh)

Em iRk - 10 m [wldn) =

1D m (lerg)

Siveulatar ingwt options

Brlmary pulze
power:

FerpellLion rale
Low-yolinge ar W
beat capabllity:

1 MY Ma-x  gerneraler  wilh
pulge-ghapinz nelwedk

1 shcl pern ninole

Mot ewellaBda

Elsziramagnsiic characisiistics
{1 St vl nle weiasd olBewies Tuled)

Line | mpadancs:
Elecini fiskl
polarlration:

Wave Impadanca:
Faak aloctrie flald:
Fesk magnellc
flgld:

Pulae rlea tlme:
Prapulsa:

Pulse width:

Figld unifgrmity:

Qthgr:

100 ok {inpul b Narmilnalen)
Verticel

ATT 1% [HEMPF xpdicerivaal )
=50 K¥im
=132 Bim

5ot ra 1000 5

=10 %

150 ns {FAWHR)

e T onlfor 1y sl varllcal
L3 TP

- 1E <4 "all-ofl af peak nekd
Tecam Tzl D D3z o lez-
wElume langle af
inzimazion 11%)

Homzzrtal componants <10 %

of verical component

Tests can he perfnrmed ia

lygweer e saclion Mor hirJIi;,;r

ik Nl walue:s

|up L EDD KW
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SEner isrmation

Lacetien:
Chairvar:

Pgaint of santagt:

Initial cparatian dals:
Status:

Availabiiiiy

OMhcr gove mmenl:

Industry:

Lnkd ging. Sweden
Swedith NMafknca
Ad minisratinn

Par Azhling FMY-PROV,
P.O. Box 134200

SF-REND 15 |imiping.
Swadan

Ialaphene: J5-13 24 34 31
Hax: $6-15 28 &5 a2
E-mail: gabohiSfmy.za
1599y

reee-alinnal

[AETELET

@5

Tea
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R '
RO [P

TaTERA i
T -

o e "'.—-”"";:»'-‘-"“""vu"'

14

TyRioe! dimedansin wavednrms

w{.mu_,.,,

o

Fynieal fregiisney soesirum

Other {echnice! infarmztion

Genaral dasaripiion

The top-plate of the simulator is a corrugated steel sheet wilth metallic beams. This is done to
withstand show and lca loadz In wintarlinia. Tha top-plata can be usad to hang up axposad
zables lo maximize the gurrent. i is algo pessible ta connect a cable direct 1o the top-plate via a

regizlar (for mxample, 400 £2).

Ayt leisle Instrzesantation

Savaral complate maasuramant links with 530-MMHz and 1 with 145Hz bandwIdih ara availabla.

Ay xiliary test gguipment

Sengors: D-dot [E-fizld), 3-dot (H-fizld), curren] probes, volkage probes
Transfamer: Integratar (active and pasgive)
Links; Coaxial cables. fibre optical links
Digitizing oscillozcope: Momrinal 2 Gsample's max. 4 Gsamrple!s
Computer programme; 3pecial design for pulse measurements
Metwark analyser To calibrale every parl in 1he measure syatam

It iz possibla b mehke currant injection ingide the simnulator as described in general description.

A mobile cument injection syslemr with inax 2 kA iz availabla.

Complete instrumentation 10 make LLCWesling (Low levels continuous wavel including

computar programme o handla the data in both frequency and inme domain.
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7833 Bwedsn - SPERANS

Geaaral Inforenstlon

Slmulator Lype:
Tarmination ar
racisllve loeadlagy:
Major aimuleler
dimgnrion(s]:
Tesi walume
distenelons!

Hybrld
Unliarn,  eparea,  d elr bulod
anbenna raglelrra loadling

150 n owerall langih

20 m pu #er centre-ina haight
Tl rienglicom =wal 2ruslad

Sirrulgtor inpyt options

Primary pulse power:
Repelltion rate;
Low-valtags or CWW
tegl sapakyl 1Ly

200-KY gena-sicr
& pulsas par minvia
Nal awzllaka

Elsctromagnelic characieiistics
{im 2wl wolume by allieesrisr nuled)

Electric fAeld
palarizaton:
Bigone impedange:
Vave mpedanes:
Paak alckric fiald:

Prak magnelic figld:
Fulse rlae Lima:
FI'EF}IJ'EH!

Fules width:
Flgld unlformibyr:

Other:

Homzertal [eary birras)

150 it

ATT Lk (marly timas)

4 Kwim @ 20 m Frowr the culsar

T ]

11 Apn s 500 roan e pulser

ape

ES=%3,5ns|10-90 &,

<111 %

Intarmatlan 1ot srovded

- Faak 1arleonial E«zld
priallal Lo 2 imwlalor Gxie —
Infarmallan 1ol 5 rovided

= Woarlicgl angd olhiger wen
nri i | dranpree s —
Tuleaririglicn 1l 2 rgw idyed

Infzriallen 1ol zrovided
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Other Infarmatlon

Lacal e
Owner:

Link#pl1g, Sweadan
Ewodizh  Dolonco
Adrimlel-allon

Fer Danlln, ~RWP RO,

F.&. Box 1300,

SE-5ED 13 Linkdaing. Swacan
Talephone: 46-13 24 34 31
Fax: 44 13 74 A3 42

F-mail: pghuh@l’rnu =

1904

Elard-by

M alerlal

Palnt of cantact:

Initial operation duks:
Siaiue!

Availabiiiy

Government: Yas

Indusiry: Tos
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Tyniost tlmma-domain waweirprm Tyoic s frequgiesy -Aamais 2 Desirym

—r— - +d —_—— e

{General deseriptian

Infarmetian not providad

txatinnle Inemenentavies

Geveral complete measurement linka wilh 500-MH> and 1 with 1-GHr bandwidth are availabde.

Sansors: D-dot [E-fiald], 3-dot (H-fiald), currant probes, valtags probas
Transfammet: Integrator (actlve and pazslva)

Links: Canrxial cables, fibre optical links

Dlgltizimng asclllaseape: Hornal 2 Gsarmple’s max. 4 Gsamrple’s.
Computer pragrarme: Special design for pulse measurer antz
Metwark analyser: To calibrale every par in the measure systamr

the:s tanhnivs! informesiion

Az xiliary test szuinmen

It is posaible o make current injection inside the airulator B3 described in the genaral
descriptlon.

A mohile cument injection syslem with max. 2 kA is availahle.

GComplate Insttumentation 16 makea L_CW-tasting (low 1§vels gcontinlous wavel Ingiiding
camputer programme ta handle the data in baoth frequency and lime domain.
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Switzgrland - MERMFE (Mobils EMP simuiaion)

Fenaral Infarstlon

Simulator byps;

Termingtion or

rasistiva loading:

Major ximulalor

dimcnsion(s]:

Tesl wolume

dimenclong:!

Hybrld

Uniform, Bpares,  dimbuted
antanng rasistive loading

GO m ovarall length

W0 pu mer genlme ling heighl,
10 M [highy = 10 m (wida] =
20 m lerg)

Elrsulntor Inpest optlons

Frimary pulae power:

Repalltion rata:

4-MYV  Main  gonatEler wih
peaking o= pacilore
20 pulaee zar Four

Low-woltage or CW YT svallebls.

texl capabilily:

Elgprirgmagrgtic charagizristigs

Electrc Aeld
polarizadon:
Bleone Impeda nes!
Vawe Impadanes:
Feak sleckric fiald:

FPeak magnelic Tield;
Fulzs rixm timn:
Prapllze:

Pules width:

Fleld unlfammiby;

Gther;

N Lies wlurm & Linii s o1 18 nwise noded)

Horzertal |ear y trree)

100 1»

ATT b (gally timea)

&0 KW' g 20 m frem tha

pulzer Rpax

180 &/m @ ¢ m fre the

pulssr apax

<10 rss 10937 %)

=10 %

=B ne | FHM; sampllcalod

furetion of poeltlam)

[} Pragk, qwerizunlal F-hizhd
paarzt el Lo s imnwlialar sais
140 kWi maxlmom and
30 ke mirirmn in lesl
i L

«  Werical and gthar non-
prieipe | comporsris:
conplizaled unclion of
poeillon

Traizsportzble
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Dther iniermatlon

Locallon: 3paz, Swizerland
Dwner: Lefence Frocurem ant AQency,

WF 42| ahora,‘lory. Al
Zantrum

Point of gantag: Markus Mylicler,
Delenue Frouwernenl Aygeny,
NEM2-Liabiora lory, AC-
Lonkiudrn.
1H-3700. Splez
Teleghone: +41-23-228-1839
FE: +41-d - E - BAE
E-ingil:
inyrkus. e pTele rgsyr. gdrin.sh

Initiel aperedon dabe: 19285
Blatua: Slaro-by

Avallabiilty

Clher government: ek

Industry: rea
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Typles! Eme-domzin wavek: Typtoal feqy ey EDOLIEM
=
. l =4 v
_\_F (1] T - — ol P =i 1“-—.{_‘{-13
] E i £ T T
- I -
EolaTE A
AR LTI s =
T LN N TR G e
o — - =
L. .. . .. . -
Co04 0 12 Ls N Lt ! :
A5l [} in L pa]

Tme [Mizrasezwnds
A — MEMPE vyavaform
B Hell Leborpicrdes stundand

Fr':cl' LTheT [Hj OSMHER 'T'7.]

Other iechrics! informstion

Gesaial dezcripiian

MEMPZ (Mabile EMP zimulator) is designed az a mobila systamr far EMP-hardness assassmant
of fixed facilities. It can be transported by truck or heligopter, but it is presently installed in g
fixed facility in Spiez, Switzedand.

Aoeadieble instramnentetiiis

The follawlng measuramant Inswumentatlon s avallable:
E-Rekd-senzors (D-dot-sensom)
Froc-fedd sansars: < 0,01 miia to 1 MY
caroune rafarence flald senears: < 0.1 Mo to 1 KMwim
H-figld-sersora
Free field sensors: < 0.1 mAmM 10 2.5 kA m
Ground rafarsncs flald sanzors: < 1 madm e 2 5 kivm
Current probes
Ranges from < 1 Ao BO0C A
Bandwddth Lp to 1 GHz
Fibre-gplic linka
for distuibance-free meazurements, vanous types in uge, bandwidthe up o5 GHz
Digitlzar
Yarioua types, bandwidth up to 3 GHz (single-shat) and 10 Eais sampling rate

Avzlllary test aculpment

Perzonal compulars and special software are used to condrol the EMP simulaior and the
measuramant Ingtrumantatlon and to analyza, plot. and store 1the tezt data.
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Twilzeripnd - YEFES (Worlival polavized ZHMP simaiator?

Fubse tor b

gy — TR ESnE

sl fima — Tearainn

Fenaral Infarstlon

Simulator typa; Qwdsed-wava
Torminatlen or Mo loRd conic saction: spares,
resisHuva lnading: distributad rasistive lnad
Major ximulalor 00 m dargth)
dimcnsion(s]:
Tesl wolume M |hiphp x &M [wida] = 1am
dimenelonsa: (loig)

Elraulnter Inpest Ootlanse

Primary pulae power: O,EE-MW Mar gosoralor with
pulea-ghaplng melwced
Repalltion rata! 60 ahols per hour
Lowr-woltags or CW Mot Bwsilakle
texl capabilily:
Elgprirgmagrgtic charagizristigs
N Lies wlurm & Linii s o1 18 nwise noded)

Line Impedanesa; {0 L [input te fa rmirabor)
Elactrie fgld Vertiral
polarizralion:
WWawi Imgedanea 37T o (HEMI? spharical Weva)
Feak sleckric fiaid: 150 kWi
Fesk magnellc fleld: 400 A'm
Fulse rlse time; <0 nz 10 =00 )
Frepulse: =10 %
Pulcs width: ~300 ns FYWHR

Falr [£dD %) unlformilly af
wartical exTiponant
s AR lgiT ol peyak Mg kd
T Niewl Lo brs ol Leal
v e
*  Horimaral compon s
=50 ¥ ol werivil
CTmpnnen;
Other: Toele can bo podormod 11
Input coonle gacthon for hlg her
peak: leld valuas [up o
LU KW for amaller teal
nhjrcts

Figld uniformily: »
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Dther iniermatlon

Locatan:
Dnwvnar:

Pgint ol gontact:

INRI8] oparaton
dals:
Statue!

Avallabiilty

Clher govern ML

Industry:

Hpez, Swilzerlsnd

Lrafence Procunsansant Adancy,
hFIMP-| ahr_lr;_tor:,.'. AL
Zantru

Miarkus Neyplle bz

Celenee Frouuraanenl Syongy,
hEMF-Lisbiors Lory,
Al-Zonlum, SH-3T0, Eplez

| Blafphzna: +4|-23-228-1839%
Fax: +41-33-c208-1523

E-mail

mgr K. wy Tl st adrinin gl

126D
Diperational

Teg

Tea
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v Typles! Eme-domzin wavek: Tyntoal freay angy E0SLEM
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b | e ™
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g E -

Z 2

g g :

[ A ot . " . i
r 51 o 1500 2070 a1 1 1 u
et ] = Ml Gh-1 LS

Othar technical infarmation

Genaral dascriptlon

VEPES (Vertical polarized EMP aimulator) is Switzerland’s largast plan-wave EMP-simulator. [t
is dasigned o simulale HEMP envircrmenls similar as dafinad by Bell Laboralonies or RS05 in
MI_-BTD 481C,

YWEPES provides lusl capabililios fur lage, imobile ozl objocls.

Ayzilable instoementatics

The following measuremert instrumantation ara availakhe:
E-fiabd-sanzors (D-dot-zansors)
Free-fiek] sensors: < 0,01 mymtn 1 Wm
Ground reference field sensars: = 0.1 myim o 1 MW¥/m
H-fisld-sensors
Frerfeld semsors: <40,1 mAim lo 2 k& m
Ground reference field senzars: = 1 madm 4o 2,5 kAdm
Currant probas
Ranges from = 1 Ao B 0ONN A
Bandwidth up to 1 GHz
Fibrc-optic links
for disturbance-Trer measurements, varous types in use, bandwidthes up to & GHr
Digitizer
Vaious typaa, bandwidth up to 3 GHZ {singla-shath and 10 Ga's sampling rata

giedligry test snspmaent

Personal compuiers and special =oftwara ara usad to conlral the EMP simolalor and the
measurement instrumentation and 12 analyvse, plot, and store ihe test data,
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7.14.3 Switzerland - VERIFY
(Vartlcal EMP radlating Indoor facllity]

miaslun li i : k

Eenarel | faiicon Other Efornation

A uicled-wave

Mo 1034 sofl2 geclhon, sparse,
dietributed razistrae load

m {Ia.rgth:l

Aimulalar Lypa:
TermInalion or
reslative leading:
Majar slmulator
dimgngignis}:
Taxt volumg

Lacatlan:
Cnad v !

Sp ur, Swilzarland
Celance Procremenl
Agoncy, HEMP-Labe talary,
AS-Tentrum

Paint of cantact:  Markus “hyffeler,

dimiens iares:

2.5 m Plghlc 4 m [wide] < 4 m
o)

Bimdaior inpsl aptiota

Primary pulae
Powar:

Repetition rate
Low-voliage or QW
leat cupability:

L, E-MY  Mor:  generalar wiin
pulze-2hBPING nEbeck

=0 shots per hour

Not awsilakda

Fisrtromagnatic charsoisristios
:in tigs wnlum e Unisss ol tanwiza reead)

Lina |mpadance:
Elgctric Fighd
Polarimstion:
Wavs |mpadancs:
Pgak Elgckrig Figld:
Peak Magnadle
Field:

Pulzs Rz Tims:

Prrepanl s
Fulaas ildih:

Fleld Unlfarmlty:

Ower:

100 12 [inpul to ierminster)
Verlicgl

A7 o2 [HEM= spharical waue)
100 K
260 A'm

=1 g {10 90 %o
=B %
E4-38 ne FYWHM

+ Excellant (zaiar 210 %)
unifarm 1y of var cal
component

+ ] Y Call-olf of peak e d
fravn frent o back of teet
vnlima

= Hurizonlal cornponenls
=N 4 00 weillcEl Gomgrensnl

Inroor aimuls1er. |=9l8 c31 ba

perfomed In Ingput conic aection

far igher paah freld raluas (up

Iy &0 k't"lllrl_l I singlbar

chjacts
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Lefence Procl rement
Hagangy, KNFEMP-| gbcratorg,
AC-Fontrum, I AT00, 5pinr
Tolapheno! +41-33-228-1653
Fax: =4--55-23E-1833
E-mall:

markue. 1vifelariigr. sern ¢h

15K
Qe -gtinnal

Initial cperatian dale:
Status:

Availabiiity

Orther gevemment:  Yea

Induatry:  Yos
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Typles! Eme-domzin wavek:

Typlgal Feaqianoy EReswnm
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Othar technical infarmation

Genaral fascripilon

VERINY {Yearlical EMP radiaing indoor facility} replacez Switzedand's first EMP-zimulator
HEISE. I is designed la simulale lhe lalesl HEMP anviiunroends, Posilive or negalive oulpul
pulzes can be chozen,

As an induwr Tacilily, il provides all-wealhar lasl capabililies Tor lazl objecls nol gacegding tha
test volume dimensions. The building consist mainly of dielectric material. The wall facing the
antenna termination is covered with EM-absorbers.

et by inwtiismentatie

The fallgwing measurement instrumentation is availabke:
E-fickd-zenzors (D-dot-censers)
Fras-fighd sansars: < 0,01 mimto 1 Myim
Grrund refarence field sensars: < 0,1 myrn toc1 Myim
H-figld=sensors
Fres-feld sensors: = 0,1 maAdn 1o 2,5 k&'m
Grraund ralarence fiald sansars: < 1 méim o 2.5 kAm™
Current prabes
Ranges from = 1 Ao BO0DG A
Bandwidth up to 1 GHr
Fibre-apdic: links
for disturbance-fres maasuraments. vanous types in usa, bandwidthes up o5 GHz
Digitirgr
Yarious typas, bandwidth up to 3 GHz {single-shat) and 10 Gais sampling rate

Basziliary tast ainipmend

Peyzonal compulcrs and special software arg usod to comral the EMP simulotor and the
reasuramant instrumantation and to analyss, plat, and stare the test data.
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Fad4d Dwilrerisnd - SEMIRANID

Tannbnat o

Transadaaion b

loput o oinimd gt

Fenaral Infarstlon

Simulator typa; Qwdsed-wava
Tormination or Uistnbutas ree et (20
rasistiva loading:
Major ximulalor A0 m dargth)
dimcnsion(s]:
Tesivolume 1 m (high)y < 1 (wide, = 5 n
dishianelona! |:||:|'|g:|

Elraulnter Inpest Ootlanse

Primary pulae power: 100 k% goderalor wilh puoleo-
aAEING nalwok
Repalltion rate: Infarmation 1ot 2rovided
Lowr-woltags or CW [nfcrmation 1ot rovded
texl capabilily:
Elgprirgmagrgtic charagizristigs
N Lies wlurm & Linii s o1 18 nwise noded)

Line Impedanga; 400 Lk [inpul o 1erminzter)

Elactrie fgld Vertiral
polarizralion:

WWawi Imgedanea 37T o (HEMI? spharical Weva)

Feak sleckric fiaid: &2.5 kvim

Fesk magnellc fleld: 16667 A'm
Fulse rlse time; <10 ns 10-32 %)
FPrepulse: [nformaticn 1ot zrevided

Pules width: Aboul 20D ns | 17s)

Field unifgrmiby: » + 1,3 dB unlarmlily af
wartical eemiponant i tha
worklng wolume

= 1E25% Tall-ulT of penk fiekd
Trcom Trezml Lo B of Leal
w3 U

- Horizenlal E-fickd
componen; abot 1% of
woilical comparcnl

Other: Inlcimallcn 1ol zrowaded
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Dther iniermatlon

Locallon: Lausanre. Swiizerdand
Dwner: Swige Fadaral Inezluze o
Technolzgy

Falnt of contact: Frof. M. ancz/Or. F. Rachidl,
Frwre- Svatem Lebaratory,
Swige badaral Inezlue o
Technology, CH-1ME
lausanre. Swilrciand
Fhong: 41-21-803-78840 2620
Fax: 41-21-68 34652
E-mail: mlchal. enoziE epll.chy
fart adl. rachid s pfl. ch

Inltlal oparaton date: 1981
Slatus: {tzaretiona

Auallabiiiy

Olher gavernment: Ye3l

Induelry: In‘armallsn ol prantld ed
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Typlgal Feaqianoy EReswnm
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LBS kT =g s s
w H 1 -
el . Ly = bt 24HEns
A e, o TR e —
- I|:=I.:I |“""-—J\'I'!JM . |
| : P i
i A e . e —i
oo ; EE
ot ! ! H i b
: P | : e i
; R B :
. B
i P .
- ' " Laka —

Ganalral deseripilon

Otheai technicai infarmabion

The initial EL{3AL design of the anlenna wa3s improved 1o reach Ihe preaent parametera {see F,
Arreghinl, M. lanoz, P. Zwalackar, D Glri, A& Tehori, "SEMIRAMIE : an asymmetrical boundad
wave EMF gimulatgr with a good confinement ingide the tranamizgion ling”, Prog. 10th Ind.
Zurich Symp. ©n EMC, 9-11 March 1593, paper 105F5).

Avypilnhle ingtapmentatica

| homasn GSF “Malopae® chamn, E-field and H-fiald asnzdars, frésnénny rangs :

MHz or 100 kHz to 1 GHz

Wearitma current aenaots up b

Av:ziliary test scuioment

Infarmatian not provided

207 MH=.
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7189 Ukralne - G185

s v g s e

il feeinifnE thise

Trarndaalon live sad pulss geasrator
Lot 1 gl

Gennral Infarwstlon

Blmulalor Lypa: G uided-wiave
Termirgkion or Short odpal con o a&ction
reRistva leading: with distdtuted reelethoe |Ded
Ma|gr simulaler 48 m {overall lang:h)
dimenslenis]: & m (plala apacina;
Test valume E M [high] = 5,6 mn (wid2) ~ 15
dirnensions: m (lerg)

Slwallator Inpt ontlons

Primary pulse power: 1,5 MY Mare groeralo- wilh
pulsa-shaping rgbec,
Repslllian rata: 12 pulses cer Four
Low-waltane or TW Kot Bvcllabda
tesl capabliiy:
Eleziromagrstic characisniatics
W BRI B GBS G 18NS )

ElectAc Aeld Vizrlinal
polarizadon:

Line Irnpedance:
¥Ware Impedance;

100 o {input te Yarminztar)
AFT

|HEMF si&rerlcal wasea)
50159 Ky'm

150-£000 8/

5-10 na (1000 %y

Feak plactrc fleid:
Feak magnelic fisld:
Puls¢ Risg Timg:
FPrepulse: MNnna
Fulz= Width: P0Q-2 5070 s (F k)
Field Unifgrmify: »  Cood (£10 4] utilaimily
of werlzal component
a  FallendT cof pretxk fimhid frzn
frant tn bask of wost
valume  Iafarmalian fol
prowldad
+  Horirqrtal components
B0 ol werlival
ceripangn, (arhor begl
ubjeul oo isalalicn
plallorm Lacer @
LELRET N
hgr: Slmulator 133 &n Jaderg -ound
instrumsntaliar room.

Dther inlarmatlon

Luozallon:

Qwngr:

Palnt of contact:

Inltlal gparatinn dats:
Slatus;

Avpilpbiiiiy

klwikoy, Uiraine

Rwiwareh and Enyinwaring
Institute ‘Molniya®

br ladimir lranevich
Krigughcn ke, Clireeesiar
Russaarch grd Fungirswring

Izl L ~Whdritgis,” Khidoe Blide
Balylechnksal Onkeorsily.
Shewcherka B, 47,

E1014 Khalko

[ R PRt TN RS

1476

Graarationa

Qlher govarnmant: ¥as

Indueiry ho
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Othe s techmles] Infarmeiion

Genaral degariziion

The GIN-1,6-5 gimulator congists of & Marx-type pulss generatorz of the gpecial wave
construction (with maximum voltages up lo 1.8 MY, 1,6 MV, 0,8 MY, 04 MY, and 0.2 MY and a
2-plals lTrarsrmission lng willl conic ransilion saclions, @nd a malched resizlive load, Wiras
forming the boftom-plate of the tranemission ling arg located in the cancrele of the test volume
platfcrm. The 1.8-MY gensrator pioduces porticng of the elacircmagnelic pulze. Auxiliary
gereralors prodoce he slowly decreasing poslion of he alaelromagnelic polse.

Availabla Instrumeantation

The simulatar Ihcludes an underground Instrumendation room and maasuring syv2ien. The
megauring system conaizin  of opto-elactroniccaontrgllad measuring channala, recording
deviges, and 8 proteclive shielded enclogure. The total number of measunng channgls varies
from 2 to 10 piscas,

The measuring sysier includes & variety of different electric fizld and magnetic field senaora.
These provide tha raasuremand of aloclromagnetic pulses with the fellowlng charactarlslics:

v Amplituda range: 1-530 ki/m
v Riag lima: 2-500 n=

v Pylze duration:  10-1 QH} nx
Aaiiary sl srdigimeir

Mone
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FARE URraing - GINT-12.30

=i

Puise gaoascaboe baiiding ] Transeiasion e gnd lermipaior

G ngrnd infe radion her islermation
Glmulator type: 5wdad-wava Loeallon: Khamkoy, AN
Terminakipn or Shot oMpal con o gaction Dwngr: Heserzh 8nd Enginearing
resiztiva laading: with distributsd resistiva load Institute ‘Malniya®

Major simulalar 284 -1 fpeeridl lemyg L)
dirnenglan(®]: 30 m rogeimg i hgighil
Tesi walume 30 ym fhigh) = 50 m (wida] -
dimanelang: L0om {IQrg]

Polnt of contact: O Wiedimir lanowvich
Kravahaa ke Llinactor
Russaaarch grd Fugirewring
Inst tuka “kiddniva,” Khatoos
o Eid : Elavkr Prdyedinivial Lnivergily,
Eimainter Inout optlons itk gl 47,
81013 Khrdew
Fax: SHN-5T2-Me0152
Initiel aperadan dete: 1532
Slatus: Ozerationa

Primary pulag power: 4,5Mv Warx generdlos wilh
pulze-zhaping nelricek
Repslition rate: 12 pulzez zar Four
Low-woltans ar CUW NOL aysliakia

test capabllity; Avallakiily
Eisstromagrnstis sharaaististicn
iin teE: wolurr e unlass oliarwise moted) Qlher gavernmant; Ye3
Electric fleld Verticel
polarizadon; I -k
Ling impedangg: 100 Bhma (mgut to neuztry: ho
13 rmirat;hr:l

Wave impedange: 27T [hms
|HFMP 5l rinal wipae)
Feak eleclrie field: 100-123 S
Feok magrelic Meld: Zb5-114 8/m
Fulgae rlae time: E-1d ne |10 %-Hl %)
Frapules: Nona
Pules wldth: 200-22% 15 (FWHM;

Field urllfnrmlty: - Cop] (£1F ] wrilormily

of Jar leal camponant

* Fall-off of pask fiald from
frant ko back of Test
wrluma — Infarmagtion nnk
it e |

r Horizental o mpan ents
50 35 of vertical
comnpgrgn, (wrhn lesl
nhjart plarsd unda- 3&°
50 lo )

Other: Dle ecdric stand In working
wolume lor ebxea . lmp leal
objact. S mulatar hes an
undergreund Instrumentation
room
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Other technicg! information
Gengral deserigiion

The GIMT-12-30 simulator consizts of Marx-type pulse generalors [with maximum valtages up to
4.5 MV, a pulsa-shaping nelwark, a 2-plata transmlssion [ve with canle transitlion sactions, and
a matched resistive Inad. Wires forming the bottom plate of Ihe trangmisgicn ling are loceled in
the cencrcte of the tost volumne platform, GINT-12-30 includes 173 current and voltage pulsc
genaralors (2-00 KY; 3,75 kd).

Avzilable inainpnentation

The simuglalor inclydes an yndergroynd ingtrumendgtion room and megsuring syxfer. The
measuing system  conslzte of opto-slactronlc-controllad measuring channels, recording
devices, and & protaclive shisldsd enclpaora. The total number of mesaunng channals varies
from ? tn 10 pieces.

The measurlng sysier Includes & varlety of dWfarent alastrle flald and magnsils flald sensors.
These provide the measuremen] rl eleclromagnetic pulaes with the following characlerialics:

v Amplituda range: 1-500 kYW/m

v+ Rise time: Z-500 n=

+  Pulse duration:  10-1 30 ns

Ao itioey besd goiopmand

MNona
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Fugds g

generator ling

Puisy genarator snd transimizaion

Genaral Infarystlon

Simulalor Lypa: Quided-wava
Terminakion or Bhorl odlpdl con e &acllon
reglgtiva lgading: with distdZutsd reeletve |Ioed
MWaor simuplaler 25 m fovarall |F_|I1£|'_|1:I
dimension(s]: 3 m (mednure plake speeing)
Test valume 3 m (high)y « 4 m wlde; ~ 7 m
dirnensions: |log)

Birwulator inpat optiona

Primary pul&e powsr: 700-EV  Mary goneralor wilh
pulse-shaping aclweek
rlnpnlllinn rata: 12 p-IJIBEE- sarf Pour
Low-yaltage or CWY Mot ewsliatda
tast capabl il
Ele-ziramagrstilc characizilatics

127 wRIUR S LRSS MIBNNRS Botnd]
Elggtrig ficld Verlical
polarizadon:

Line impedunce: 100 2 (ngt o tzmolnator;
variable with pla1e spacing)
Wave Impadanes: 377 o}
|HEMF aahericEl weve)
Peak slectric fiald: 110-33% owim

Pedk magnelic field: 200-37E Alm

Pulxe risq fima: 510 n= [10-90 %
FPrepulse: Hnona
Pulye width: 200-253 15 (FYWHM,

Good (&3 %] uilcrminy

of verleal component

- Fagll-iT ol perpk ligld froan
Ireanil Lo back ol .oel
welume — Inforrmatlan nol
prowldad

«  Horirartal components
ED %% el varlical
cainporie. (when Leel
cblasl placed In 25°
gaglon

Field unifornily: -

hher: lnzoor EMP o simulator. The
simulatar has 37 Jnderg-ound

inslmeanlz ik v,

Dther lyfermatlan

Lacallon:
Dwher:

Paint of aantagk:

Inltlal oparaton dake:
Silatus:

Availabi'ity

Qthar government:

W uabry:

Khako, Jialng
REEgArch  ans
Inetitute 'Mainlya

Englnaa ng

Or Viedimir Ivenovich
Krguchankg, Niractar
Rarsanih arnl Frgimeering
Inslilule "Mepiniyia.® Khorkow
Zlale Polylechnlcal Lalversily,
Apernshir1ka 31, 47,

£* 115 Kharkay

Fes At 2142

1938

{rzarationa

N

Hi
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Other technicg! information

Gengral deserigiion

The IEMP-M5M simulator consists of Marx-type pulse generalors {with maximum voltages up 1o
4.7 MV, a pulsa-shaping nelwark, a 2-plata transmlsslon [he with canle transitlion sactions, and

a matched resistive Inad. Wires forming the bottom plate of Ihe trangmisgicn ling are loceled in
the cencrele of the test volume platform,

Avsilable insbrementaticn

The simulalar includes an undarground instrumenlation rmom and maasuring sysiemr. The
measuing sydtem congists of opto=electronic-controlled messuring channels, recording

devlces, and a pratactlve shleldad enclosura. The total number of measudng channels varies
from Z {o 10 pieces.

The meazuring sysler includes 3 variety of differant alectric field and magnelic field sensors.
These provide tha raasuramend ol alaclramagnatlc pulses with the following characlarislics:

+  Amplitude range: 1-500 kVim

v Riza tire: 2500 hs
»  Pulze duration: 10-1 (00 ns

Buixiliary test aguipmeni

None
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Eawieaial Interinsiion

Blmulator typa: S wided-wava
Terminaklon or 5hort odpal con o saction
reclstiva laading: with distdbutsd reslstva Inad
Majgr ximulalor 410 M joversil lengthy
dimcnsion[s]: 17 m {maximLm
Bpacinz]
Taat walume 12 00 [high) - 12 m (wida] -
dhmenslong: Z0m fla.rg]

plate

Simulator inpul cplionz

Primary pulae pewar: &MY Wark generaloes wilh
pulga-ghaping neleced
Repelldan rata: 12 pulese Zar Four
Low-waltage or GW HNob gusllable
tast capakiliky:
Electromagnetic characieriztica
[la b5 ~alema un e cthamelae fazad)

Eleclic feld Yeilical
polarization:
Line Impsdanes: 100 ' Jinpuk to lorminghor)

Wave Impedanee: A7T Lk

[HEMF agherical weva)

A100-14% <5'm

2EB-3000 a0m

2040 ns (1040 %)

Morie

FE0-20% 1 (FWHM,

Eood (&3 %) uitormiby

of verlaal component

- Fagll-wiT ol perk figld fror
lianl Lo back of osl
wilum: — Informatlan nol
prowlidad

=+ Harizonlal oo mpon enls
505 ol werllcal
ca npanen . fwhen leel
oblact placed In 26°
FAclon)

Peak slectric field:
Prak magnelic figld:
Pulza rlsg timg:
Frepulse:

Pulgs width:

Field unifonnily: «

her: Simulator has an wnderground
insbrumesnla lier roam. Ao
uzed for ighinivg eats ang
Irenunl.y 12s .6 037 power
iraramiaelon [ine and raliroad
COIMADIET .
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Other technicg! information
Gengral deserigiion

The IEMP-10 simulator consists of Marx-type pulse generatars (with maximum vallages up to
2.5 MV), a pulsa-shaping nelwark, a 2-plata transmlsslon [ve with canle transitlon sactions, and
a matched resistive Inad. Wires forming the bottom-plate of Ihe trangmiasion ling are located in
the concrete of the tost volume platferm ., IEMP-10 inclodes current pulsc gonerator GRPG-1 0100
kY, 3 M), GPGE-3 (5 kY, 375 k). and Marz-lyps pulga ganarator YPG-3MY.

Avzilable inainpnentation

The simuglalor inclydes an yndergroynd ingtrumendgtion room and megsuring syxfer. The
measuing system  conslzte of opto-slactronlc-controllad measuring channels, recording
devices, and & protaclive shisldsd enclpaora. The total number of mesaunng channals varies
from ? tn 10 pieces.

The measurlng sysier Includes & varlety of dffsrant alastrle flald and magnatle flald sansors.
These provide the measuremen] ol eleclromagnetic pulses with the following characlerialics:

v Amplitude range: 1-00 kEVim

v Rlza tira: 2-800 n=
= Pulse duration:  10-1 D00 ns

AuzHiary test aculpmen;

Tha IEMP-10 can b used for Immunity tasling for actlon of the statle alactrical discharges and
shart sirguits in the power transmission lings and for the elecirical pontast nelwork of railways.
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frgmsral inferrstion

Almulatar bypa: Quidad-wave
Terminakien or {tpwt canic seotion with
resizllve Inadlng! approcimalaly poinl msislive
Il
Ma|ar gimulalor _ m larglh)
dlrmEnelenle]:

Teal wold me m th gh] - m iwldah -
dimenszlana: m {org)

St dngor g spdions

Primary pulse power: _-MV  geiaretor  with Zuloe-
shagring natwork:
Ropeliign ratg:  shols per hour
Lowswaltage or CW Inlfonnglicn -wpl 2rpeilad
text capakiliby:
Elertromagnetic characteristlcs
{in teal vnlima nnees nbtharwins anta)

Ling Impedanmes; __ L1 finpul b fooninalor]
E el Meld Viilival
problarizallon:

Wave Impedance! 1rT 'k (HEMP apharical wava)
Peak wluckric field: __ kW'm
Feak nagrelic field: __ Afn
Pulaze fl4e Elme:  ra (10-00 %
Frepulze: = %
Pules width: _ nogise?

Fleld unifamiby: - ft % uniformity of
vartical epmpanant
= % Call-of of peek ek
from fronl to becd of teat
¥aluma

+  Harizsalal coimpen cnls
£ % oul-serdlcal

LS Mponen’

her: Teste can ba pa formad in input
comin sonton for highsr poak
Tiald wealuss (up Lo __ ko).
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icgtion, Beassmegolo e st eoliunng, snd pulte gengrator b

Gonaral Infermation dther Informatlon
Simulator bype! Uwdoed-waya Locatian: Killand ARE  (Rlbeguorguo),
Terminetion or Guwipuwt conle sechon Wikn KB MEXICD, JSA
resistiva leading: approsimataly point resislive Onnar; LS. Army
Inad huclear Effecta Lhimectorate
Major simulalar =100 m |_Iunglh:| Whily Sandy Missily Parnige
dimenyion(s]: Pgint ol gsontagk: Rugy=ll Glungell gr .
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Phone: 1-B0%5-8TE 5504
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wilh  pules-shaplng  relwork E-mail FELUHDELL@EYYEMA-
[EMP-10] EMHE" _ARMY. MIL
Repalltion rata: € 3hcla per hour Inilal sparallan dale: ~1987
Lpw-voltags or GV LYr svellebls Statme: Opcrallonal

tast capaklilby:
Elrownmagnsiic chnrantiristing
fim tazi voluma un ek othemize noiad)

Electre Aeld Vorllcal
palarizatdgn:
Ling impedange: 110 0t {inpul o leoninabon Induztry: In‘armatlan nol previd ed
Wawi Impedanea: ATT o (HEMP spharlcal wava)
Paak aleckric finld: %17 100 Wim
Peak magnalic Tinld: 15 1c J8F Al
Pulse rize fime: 3-4 ns 10-H) T
Prapgulga: Infsemallen ol 5 idod

Fulee wldlh: ZE0 ns e

Flald unlfarmlly: »  Unllemibly of ve -l

I mponan: — | nformation
nl privaidad

= Fall-all of pask flald fram
frant to bach of Zast
wialume — Informatlan not
nrowlidad

+  Horzanlal oo mpan enla —
Inlarmallsn 1ol 5iowwdad

Ao @iluipE iy

Qilher gorernment:  Infarnzdion not arovickd

Otheri Testz zar be performed in
Input con« s2z0 on fr higrer
peak el wiluws  Simglaber
Ty L Ju ey aund
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Gengral deserigiion
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Pulz s gonerator boalidine, rrzaemlasiosn Hne, et volsine, sed teanba ation

Graarsl Infarmation “hoar tarmatlon
Eimulater ktypa! Gukded-wao Location: Kifllnz A=0 Db el New
Tarmination or Culpul canls  seelion with Mexne, LS
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. . ) , Kirtland AFTS M DT14T-EREGQ
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Fau: 1-B05-84 B-gi38d
Primary pulse power! 4y van de Graal npenarzior Inktlal oparatlan 1270
wilh puscenaping nolwork dale:
IEMP-45| Statug: Staidty
Repallian rata: € shcle per haur ,
Low-voltage or CW svallab e Avallabdibiy
tast capakblilby:
Elestramagnetic charagienistics QIher gavarnment: Intarmsiion not Hoedced
oA rEE vplum e unEaE s ol 1enwiae mrTed)
Electdc Arld Verlizl Induatey: I ormaden nol precld ed
polarization:

Line Impedanca: 135 1» [in|'_||,|l o 1armin;|tor:|
Wave impedange: 37T 0 (HCMP sphisrical wave)
FeaK slackc fiald: 5 1o 44 Kvim

Fegh magnellc fleld: 1312 175 AT
Fulse rlse tima; 1 rato—1 pa
[verazke, 1600 5]
Prapulss: [nlonmgtion wel grpvilad
Pulxze width: 40300 ns (1]

Figld unifgrmify: =  Unifermity of ve~leal
czmponat: — Informatlon
not rovided

- Fiall-giT f perik ligld from
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Rupalltion rate: 13 pulsar 2ar bour
Low-worlbage or GV [ol:nmlion vl srovilied
tark capablilly:
Elssirpmaguatin characisriztlca
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polarizatlon;
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Simulator typa! Gulded-wave
Tarminatlan ar Owlgul  conle geclion with
rogishive laading: spproximetaly point redialive
Inad

Major ximulalar 400 7 I;|E\.Ilgl_|1:|

dirmanglan(g]: 1035 m1 p ale spacing
Tesiwolume 75 rm diamates : A m high
dimerdclong! cpllider

Simulator Input sptlons

PriMary pulae power! Tws -0 WA = oonoralse wilk
paaking capackSE
Repalltion rata; lalormallcn 1ol zrowaded
Low-woltage or CW |afcrmaticn 1ot Zrovided
task capaklilby:

Electromagnelis charactieristles

i Lerd wndlearie i oss wiheiwnEz o)

Elnctiric Anld Horizorlal
pobarizalion:
Line Impedanes: 200 Lk (inpul to erminster]
Wave impedange: 37T 0 (HEMP sphigrical wawe)
Pegak elashric field: BQ KW'm
Pedh magrelic feld: 153 Adn
Pulge rlae Eimea: 20 na (10-92 %)
Pregulee: |ntarmaticn 1ot srovided
Pulgg width: 800 na {l'a)

Fleld unifarmiky: - Linifprmity of wc-igal
comnpann.  Infarmallan
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+  Fall-off of pazk fiald from
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Barth
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polarizatian:
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Prek magnelic field:
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