
APPLICATION OF NI]IjRAL NETWORKS TO
MARINEVEHICLE CONTROL

N. Mort, University of ShetÏelcl, Dept
of Automatic Control and System Engiueering (JK)
D.A. Derradji, University of ShetÏeld,
Dept of Autornatic Control and System Engiueering (JK)
A. Tiano, University of Pavia, Dept of Informatics
and Systems (ITALY)
A. Ranzi, Istituto di Anatornia Uman Normale-Sezione
Istologia-Policlinico(ITAlY).. ......2-287

THROUGH LIF'E SUPPORT OF D8ó BASED CONTROL
AND SURVEILLANCE SYSTEMS

J.W. Bailey, Ministry of Defence, Director General
Fleet Sup¡rort @quiprnent and Systems) (LJK)
M.K. Paddock, Ministry of Defence, Director General
Fleet Support @quipment and Systems) (UK)
J.P. Mabey, Vosper Thomycroft (UK) Ltd.. Controls Divisiou (LIK)........ .....2-307

SHORE-BASED REFERENCE FACILITY (SRF) REQTITREMENTS FOR
PLATFORM MANAGEMENT SYSTEMS

D.W. Anderson, BAeSEMA (lJK) .............. ................2-325

SHORE BASED REFERENCE F.ACILITIES: THE REQTJIREMENT
B.D. Maclsaac, GasTOPS Ltd (CANADA)
C& P.J. MacGillivray, Department
of National l)efence (Navy) (CANADA)
R. Khan, CAE Electronics LtcI.(CANADA) .... ...........- ......... .2-349

VIBRATION MOMTORING USING DIGITÄL SIGNAL
PROCESSING

Gregory A. Harrison, Martiu Ma¡ietta Company (IJSA) ..................... ...........2-367

DYNAn/trC COMPENSATION SYS'IIIM
Claes G. Källström, SSPA Maritirne Consultirg AB, (SV/BDEN)
Kalle Theor'ér, SSPA Ma¡itrne Consulting AR, (SWEDEN)
Anders Björe, SSPA Maritime Consulting AB, (SWEDEN). .........................2-379

BASIC RESEARCH ON THE APPLICATION
OF HYPOTHESIS-BASED REASONING SYSTEM
TO COLLISIONAVOIDANCE

Saburo Tslruta, Tokyo University of Mercantile Marine (JAPAN)
Mitstrru Ishiquka, University of Tokyo (JAPAN)........ . ..........2-4W

ELECTROMAGNETIC PROTECTION
ASSESSMENTS OF NAVAL VBSSELS

Ir. R. Middelkoo¡t
El e ct ronng n et ic Effe ct s G rou¡t
Pltlt5iç,e and Eleclron.ics Inboruott¡ TNO
P.O. Box 96864
l{L-2509 JG Den Haag
The Netherlands

J.A. M. Verrnoy
Roy a¡ ¡¡ tr¡rr rl and s N avy
DMKM/PFS.EMZA
P.O. Box 20702
NL-2500 ES Den Haag
The Netherlands

1. INTRODUCTION
Modem naval vessels are well equipped with a lot of weapon and sensor

systems, all controlled by electronics. Mutual interference between all those

electronic systems as well as illurnination of a ship by an Elecfomagnetic
Pulse (EMP) caused by lightning or by a nuclear detonation can potentially
upset ol'damage electronic systelns. Large (transient) elecûical currents Inay
flow in all exposed structures like metal surfaces, pipes, antennas and cables.
These cuncnl-s pcnelrate through the tnany entt] points into the ship's
interior where they can potentially cause darnage. Computers, rad¿r and

co[ununications systelns, and weapon-control apparatus are sources of
interference as well as likely victirns. Unforeseen and unwanted conse-
quences f-or the operational capabilities of a ship may rcsult. ln other wotds,
the Electrornagnetic Compatibility @MC) of the elecfonic systems onboald
a ship is an issue to look at.

ProtccLing a ship, or rathcr iLs clecúonics, againsL thesc electromagnetic
inLedercnce efl'ccts is a complcx issue. The conventional metal ship's hull
will give adequate shielding efTcctiveness against electromagnetic fields
from the outside like lightning and nuclear EMP. However, the penetration
ofpipes, the discontinuities in the consúuction and the necessary accesses

<leglade this shielding quite considerably. The use of Glass Reinforced
Plastics in the ship's hull cornplicates the situation even more.

The technical approacl.ì to rtach an electrolnagnetic compatibility between
all systems cln boa¡d is sirnilal f'or all the various effects that occur. In some

cases cornbined protections can be designe<J that work against seveml o[
these effects and are cluite cost-elfìcicnt. Exarnples are described in the next
paragraphs. For this reason, electromagnetic testing and verification of
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insl¿llation can be done in a sirnilar way. ln this papo cleclrouragnetio
protection asscssrnents using EMP sirnulators will be highlighted.

EI.ECTROMAGNETIC FIEI,DS: T'HE PROIìI.I,IM
Electrornagnetic llelds ¿ue ernitted in gcneral by raclars and by cornrnuni-

cations antcnnas, placed on thc outside ol tl'ìc ship. In adrlition, unintcnded
emissions result li'om data processing ecluiprncnt and the like. These
electrornagnetic lields arc cither continuous or pulsed repctitively. An
electromagnel.ic pulse €MP) frorn a lightning stlike or a nuclea dctonation
is a lransient fìeld; a fästrising pulse is ploduced. In the case clf a nuclcar
detonation this pulsed electromagnetic field covers a largc arca, dcpending
on the altitudc of the blast. An EMP covering an ¿uea as large as the cntirc
North-American or Europcan continent is very well possitrle as is illusl¡ated
in hgure 1. Its field strength reaches values of tens of thousands of volls per
rneter, reaching its peak in a few thousandth rnillionth of a second. This
sounds d¡amatic enough, but is clear-er understood when it is realizcd that the
energy collected by a cornrnunications systeln from Lhis pulse can bc one
hund¡ed million times the energy the systern is designed to handle. Obvi-
ously, this may cause problems.

Figurel: AnuclearbursîserxerotesapulsedeleclronngneticJieldthrougltinteractit¡tt
of gtmmn roys (y) and Ílæ ahttospltere, covering a large area.

z-:

Looking at a ship, fìve rnajor areas ¿ue identihed as critical victims ot
electrom agnetic interference:

. The sonar roorn contains prccessing-, signal conditioning- and
power equiprncnt. Cables rnay cany lniclovolt signals as wcll as
kilovolt signals. The systcrn pauts clearly need a soìid EM-
soparation. Thc kilovolt cc¡uipnrcnl. used for sending pulses into the
watcr, gcneratss tr'¿uìsicnts which lnay easily intìuence the
processing units and its cabling.

. The radar roorn conl,ains mda'processing equiprnent. This is high-
lÌcqucncy equipment plonc to radiation.

. The technical control roorn houses a lot of tneasurement cc¡uiptnent
ofLcn cornbined with a computcr. Hclc various systelns throughout
the ship are monitored. The equiprnenl" contols the sal-ety onboard
as well as the propulsion of the ship. The systems a¡e connected to a
lot of sensols which may be very sensitive to EM radiation on
certain frequcncics.

. Thc comrnand loorn cont¿ins displays for radar, son¿ìr, weapon
systems, navigation and corrununication equipment. The automated
equipment fiuppofts combat control, operates weapons systems and
displays vital infonnation to thc cornrnander. The fields radiated by
the equiprnent itsclf ale rclatively low. Special attention needs to be
gìven Lo rnagnetic fìelds in relation to the ìnformation displays.

. The mdio rooln is Lhe rooln where all antenna signals arc collected.
The antennas cany RF energy thaL can easily influence unprotected
equiprncnt, like courputers.

The computer-like, autornatecl control ec¡uiprnent for various systerns tend
to get faster; more high-speed micloprocessors are being used that required
wide-band tr-anslnission channels for Lheir corununications. Some ships
aùeady have wide-band local area netwolks 6AN's) running through the
ship. These wide-band systems not only produce rnore interfcrence thetn-
selves, tbey arc also wide-open l'or electromagnetic fìelds from the outside if
not pr opcrly protected.

PROTECTION MBTHODS
What follows is a precis of the protection guidance provided to ship

builders and designels by the Royal Netherlands Navy. It is based on
theol'etical calculations, computer modelling, experirnentation and trials,
experience and common sense.

The ideal situation would be to create a Faraday shield using the ships
metallic hull, inside which all the electronic equipment would be operating in
a safe electromagnetic environrrent. Like all ideals it is impossible to achieve
this in practice. The very nature of a ship means that it must have extemal
electrical equipments such as radar and communications antennas, lnissile
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launchers, guns, lights and loudspeakers. It lnusf have extelnal lnechanical

equipments such as boats davits and hydraulically driven winches. lt lnust
have apertures such as bridge windows, access doors and hanger doors.

These defects in the shield allow electromagnetic energy from the outside to
penetrate the hull to some degree with the resulting possibility of inteference
or darnage to susceptible electronic equipment.

In a structure as cornplex as a ship it is obvious that the nunber o[
methods of ingress will by many. The major contributors are:

3.1 Antennas

These a¡e specihcally designed to be good acceptors of electromagnetic
energy and will also readily couple with the unwanted signals.

The antenna feeder cable must be treated in the same way as any other
cable penetrating the ideal shield. The antenna itself is, however, connected
directly to the elechonic equipment and devices must be installed in the

antenna system to limit the induced voltage reaching the electronics. Simple
voltage protection devices such as spark gaps and gas tubes will give some

degree of protection without affecting system performance to any great

extent.

STEEL ENTRY
PANEL

3.2 Pipework to Upper Deck Ilquipment
Many items of upper deck equipment, such as boats davits and winches

are ddven by hydraulics. resulting in rnechanical pipe-work penettaLing the
ideal Faraday shield. Any currents induced in this pipework will be con-
ducted inlo Lhe ship whelc il can crrss-couple with adjaccnt cabling.

The ingrcss of-clcctrornagnctic cnergy via rncchanical pipcwolk is câsy to
lninirnize. All that is rcquired is that tho pipework is bondc<I to thc super-
structure at the point of entry. This can bc achieved in a nunrber of ways. The
actual technique chosen wìll depcnd on thc fluid being transfened and also
nechanical installation considerations. Plastic pipework carrying a conduc-
tive liquirl such as sea water can also act as a lnethol of ingress and rneasures
need to be taken to ensure that the liquid is in contact with a short section of
rnetallic pipe inserted in the pipe run as figure 2 shows.

3.3 Apertures

There are two main categories of apertures: the comparatively small
access door or small bridge windows and the large access door such as that
on the hanger. Because of their size in relation to the volulne they serve, the
two categories have different effects on the electrornagnetic envftonment, see
figure 3.

SINGLE APERTUFE ¡¡ANY S¡i/tALI APERTURES

F i gure 3 : F ield pe ner.ratíon. lhrottgh La.rge and stnall ape ñ ures.
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Figure 4: Cabl.e gtand desiSned lo bond tlrc cable shield to the ship's huLl.

The hardening ter:hniques to be employed will depend on whether the

aperture is small or l¿'rrge. A srnall aperturt will act as a high pass lìltcr
rernoving much of the electfomagnetic energy. It follows that sotne resìdual

enel€y will enler the volume Served, increasing the electrOmagnctic envir6n-

ment which trìay or lnay not be exacerbated by compartment resonances.

This requires equipment and instatlations within the volurne to be designed

to withstand the increaserl threat. A compar.hnent of particular concem is the

bridge.

Regarding the harrger it has been assulned that the hanger door will have

little, if any, screening eff'ect. It follows, therefore, that the inside of thc

hanger must tre treatr:d as if it were uppef deck and all equiptnent, tnechani-

cal installa[ions, an{.i cabling rnust be designed' installed and protected

accordingly.

3,4 Cables to extcrnal equiPment

Currents a¡e induced in cables to extemal equipments by two lnecha-

nisms: direct spatial coupling to the electromagnetic field and cross-coupling

from currents inducod in the sbips sû1rcture. Once these cables enter the ship

the induced culTents rvill cross-couple to other ships cabling, propagating the

interference throughout the ship. There is a nunber of protective measures

that can be emPloYe,l:
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â. Kccp the lcsonân[ lì'cc¡ucncics o1 rnasts etc. as hìglt as possible to
rninirnizc the encrgy available lbl coupling to catrles.

b. Kecp cablcs away frorn known or anticipated hot spoLs such as the
l'rase of rnasts.

c. Clip cahles close to the ships slructule to reduce thc loop ctl'cct.
d. Kecp thc length ofcxposecl upper deck cable as shofl as possible.
e. Whcrc it is irnpcrative to run cablcs on the upper deck. thc cables

should be run in lilly carlhed, hard drawn conduit which is
circuurferentially weldcd to the ships structure at the poinL of enlry.
WIrcrc this is not possiblc Lhe cablc rnust be screcnecl altcl the scrccn
circurnf crcntially bonded to the ships structure at the ¡roint ol'cntry,
using a cablc gland cspccially dcsigncd l'or the purposc. A typical
gtand is shown in figure 4. A rather new technique is using pot's.
These are ah'eady in use for waterproof and fireproof inlets, but
cornbined with a conductive elcment these pot's are a cheap and
relatìvely good replacernent of the glands.

VBRIFICATION TI'STS
Verilication of the measures taken is a necessity. It is not obvious that

installation instructions have becn canied out correctly, nor can a visual
inspection alone reveal all possible discrepancies. Minor deviations may
have a devastating eflect on the interference levels experienced during
operations; even darnage rnay occur.

Electromagnetic hardness verilication is carried out in two phases: a

visual inspection by one ol trvo experienced EMC engineers and an actual

illumination of Lhe whole ship with an elcctrotnagnetic tield. First we present

some experiences liorn visual inspections, partly taken tìom [2], as an

illushation, not in any order of impofance:

a. The most common fault with glands is the faìlure to remove the

sheath lì'om the cable. It was suspected that the bonding spring may
have been omitted fiorn solne glands toct. It was also found that a
nonnal watertight gland was tìtted in lieu of an EMP type. It is
interesting to note that it is irnpossible to tell if the correct type of
gland is fitted by visual inspection alone.

b. Poor corrosion resistance of the trunking material. The trunking as

designed for its EM protection properties on good metal to metal
contacts between the two halfs of the trunking and the EM gasket

which was inserted between them.
c. Voltage h'otection Devices not fitted in antenna systems. This was

found to be due to a conflict in the infonnation supplied to the

shipbuilder. On the one hand he was told in the EMP Hardening
guidance to fit protection devices and on the other hand he was told
to install the equiprnent strictly in accordance with the installation
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insLr-ucti<lns lilr the ecluiprnent which tllade no tnention ol'lhc
protection dcviccs.
Lack of aclequate cable plotection in the hangcr. If Lhe intcrior of
thc hlrnget is to bc Ieatcd as uppel'dcck then all c¿tblcs lnust be

trcatcd as cxposctl cablcs-
Pipc,.vork gcncrally cntc-rccl lhc ship by way ol'a ntu'lttltl watcltight
glanrl ancl any tronding rvas pulcly acciclcnlal. Tlrc lncchanical

eugirrccling deparlrnents scctn to be of thc opinion that EMP is

"electrical" ¿rnd thcrcforc has nothing to do with thern- This
illustmtes the neecl t-or "clclss the bo¿u<I" EM cducation.

5. ENIP SIMUI,ATION.
An EMP sìtnulator can be used to carry out an actual measuretncnt of the

level ofprotection against an electrolnagnetic field. Such a silnulator
generates a fast, pulsed electromagnetic tìeld to which the ship is exposed in

its entircty. Mcasurcrnents can be talicn at sevelal points of cable ently fhat

have been identifìecl tts itnpoflant. The main advantages are that by lneasur-

ing with such a pulscd electrontagnetic hetd in Lhe time-dolnain the enti¡e

spectfum of interest is covered ¿rnd indeed non-linea¡ effects can be studied.

EMP simulators have been used quite extensively to study hardening against

nuclear electromagnetic pulse and lightring e$ects.

Figure 5 : Layout rf tlæ purallel-plate EMP sinutlator EM IS-2 of FEL-I'NO

2-8

d.

2-9

s
s
\l
èO

\
(l
oo

.L

ã
ù
È
çl
ôO

RFr
*¡
l¡l

aa
Ua

Il
L

s

a_

Òo

s

N

s
I
Ôo



In general there are two rnethods to silnulate an EMP. A colntnonly used

ancl well-known rnethod to test an object is to position it in the tesl volurne of
a parallel-plate or transmission-line sirnulator, as illusüated in lìgure 5. This
technique rnalies it relatively easy to silnulate at the required high zunplitude

level of the EMP, which is called the threat-level. The advantage of tcsting at

threat-level is that one can lneasurc all effects of the EMP including all non-

line¿n effects such as spark-overs and the opcration ofovervoltage protec-

tions. It is possible that damage occul's if shielding and protective lneasures

are not sufficient. Disadvantage of the method, paficularly for ships, is the

limited test volume of the current simulators of this type.

If the dimensions of the test object are too large, it is possible to illuminate
the object with a radiating EMP simulator, as shown in fìgure 6. The Physics

and Electronics Laboratory FEL-TNO in the Netherlands is using this type of
EMP simulator to test vessels and other large objecß. Naval vessels are

tested in co-operation with the Royal Netherlands Navy at the naval base

Den Helder with the EMIS-3 Vertically Polarized Dipole simulator. The

advantage of testing with a simulator like this is that there a¡e no lirnitations
to the dimensions of the object under test. It is however, rather expensive to

construct a simulator of this type that radiates the required threat-level. A
pulse generator with a very high voltage is needed, since the energy is

radiated over a large area. This in contrast to the transmissionline simulator,
where the energy is practically contained entirely between two conductors.

Because the tlneat-level electromagnetic fieltl is not only limited to a certain

test volume in the case of the radiating simulator, there could be envi¡onmen-

tal problems. Therel'ore a sub-threat level to generate a radiated EMP is

chosen. The obvious disadvantage being that a nulnber of non-linear effects

will not be viriible. Darnage as a result of the test will not occur, howèver.

Measuretnents art tnade primarily on cables, outside and inside the ship

that are connccted to vital equipment.

Measulerlcnts can be divided into:
. bulk currenton cables,
. current on single wires,
. voltages orì connector pins.

In addition, magrtetic and electric ltelds are rneasurcd in f.he ship's
technical ceutre, the command centre, the hangar and at the bridge. as well as

in a number of other places that are identified as important.

The signds froll measurement sensors artd probes ale transpoñ'.:d frotn

the point of interest to the measurelnent syst,lln via fìbre optic cablcs. thus

auoiding that the measuring system itself is zrffected by the silnulatcd EMP.

2-10

LESSONS LEARNED
Four sub-threat whole ship EMP t¡ials were can'ied out on fiigates and

one on a subrnarine to c¡uantify the degree ofhardening resulting from the
techniques givcn in the guidance provided to the shipbuilders. The ailn was

to consolidate the guidance clr to arnend it to give the tnost cos[ effective
techniqucs f-or ship elccttotnagnctic hzu-dening. The results of the hjals
showerl that, in genelal, the techniqucs, if plopcrly appliecl, were elfective in

producing an electromagneti cally hardened sh ip.

The predorninant trequencies that were found in tneasured signals ale due
to resonances in cables and structures. They are associated with the energy
coupling on re-induced currents in extemal cables.

It is accepted that the requirement to treat all cables and equipment in the
hanger as upper deck imposes severe constraints on the design of the hangar
installations but the results showed that these constraints are necessa¡y if the

aim of a fully hardened ship is to be achieved.

Based on the testresults, three area's on a ship can be distinguished:
outerdeck area's, innerdeck a¡ea's and EM-outerdeck a¡ea's.

. Innerdeck area's are area's in the ship, completely enclosedby the
metal hull. Windows are not allowed and doors a¡e made of metal
also.

. Outerdeck area's are area's that are not enclosed by metal, outside
the hull and on deck of the ship.

. EM-outerdeck a¡ea's are area's that are not completely enclosed by
metal, such as the bridge, which have windows and where the doors
are most of the time opened. Also the hangel is considered an EM-
outerdeck area because it appeared that the door of a hangæ offers
little protection against EM-infl uences.

The tests proved that the glands, used for the inlet of cables, gave such a

rnechanical strength on the cables that the cable shield starled to flow. This
effect was clearly visible in the lneasuretnents: the attenuation near the
glands was less then usual. To solve this problem, it was necessary to use

other glands. Waterproof bonding glands art expensive. A much cheaper

solution was to put a watelproof gland on the outside and a grounding gland
on the inside of the ships hull.

Another thing noticed, was that when cables, pipes and the like. running
outercleck and kept as short as possible, are correctly bonded to the ships

hull, there is a good electromagnetic separation between outerdeck and
innerdeck. Every cable that penetrates the rnetal enclosure uses a bonding
gland that connects the cable shield 360 degrees to the metal enclosure.

Bonding in more than one place is good for EM protection. It is also good
practice to keep the cable close to the ships structure.

2-I I
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Figure 7: Multí-cable gland. providing a v'aterprooJ-, f reresístant and an EM-protected
feedlhrou¡¡h.

The latest lîigate lr tilt, electronic enclosures wcre u:.cd to achicve
electlomagnetic corn¡:.itibility @MC) between electrotric systcms at the sarne
location. This consistc.cl o[ a rnetal structure in which tlic ccluiprncnt is
placed. Every picce ol cc¡uiprnent inside such ¿tn enclo:.ure is EMC. Thcle-
lore no additiorral countcflncasurcs against la<liation or susceptibilily are
needed insirJc such ¿ìn cnclosufc.

It a goud Elt4-scpir: ation lrctwccn inllcr arrcl tlutcrdcck ¿uca's is ¿rcl.icvcd,
a possibility to riut co¡ts on innerdeck EMP-pK tection cxists. Fol-wll-x'prcnf
and lireresistant pcnetrations in inncrdeck ¿u'ea \ often :r 'MCT' (rnul iplc
cable tansit) is used.'fhis is a gland consisting o[lnar]_\, pieces with lroles,
through which thc cahles arc l-ed, as fìgurc 7 ili.islrates Pushcd ktgctlrcl lhey
provide a waterproof ur<J lucrcsisl:rnt penetrati(]n. If euch piecc is rn¿lilc o[
conductive rn¿rtcrial or each piece is wrapped ir¡ condue tivc foil, this cl'fers a
waterprü)f, a l'ircrcsistant ancl an EM-protcctcd lbcd-tlrrough. Thc âtt,.:nua-

l"ion ol'such agland is lcss (hcn lhatola nounal bondirr.g gland. but is cnough
for these areas. Port¿ìl)lc mdio's on boald often cause ¿i fot of ploblcrìr\.
because o[ their proxirnity to cquiprncnt. ìt has occulr.,1 that a clicscl tngine
could be star1e<J just t''v' pushing the push-to-talk butl.on rn a portatrle ladio.
Therclbre it is advisable to use portable rarJio's wiLh a I )w output p()\r or
only.
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Filc dctccti<ln cc¡uiprncnl is scnsitivc to crnilting dcviccs, ancl causcs a lot
rul stlcss irr casc rinc clocsn't krrow what causcs [[lc aìann. Firc <Jcctcction
syslcrìrs orr bo¡u'd ()f ships ¿uc lcstcìd rln EMC. to.gcL t() kno'"v lhc r.l,cak spots.
Thesc arc scvclal cxarnplcs whcrc pxrblcrns with EM radiatiorr cxis(ccl.

7. ï'he IINII'SlS Project
EI\{P asscssrnents on lar_qc ships h¿rvc bccn canicd out lvith lhc klr,v-levcl

sirnulalilr EMlS-3 in thc Ncthcll¿m(ls for.rnany ycars. Sincc 19g7, thc
possibilit-y of ¿r l'ull thrcat-lcvcf silnulatol-lilr n¿rval vcsscls ltrs bcclr rlis-

e jo ANLNCP l.22ot
and the ()nsct. the env
Siln ) is to be locatedi on
rovi pension lor.the sfu n

implies a l¡ansurission-line sirnulaLor. Radiating sirnulators have never been
considered, rnainly because of cost considemtions and envilomnental irnpact.

the rnentioncd coun! ies, AVy'E,
ity study in 1989. This srudy was
(the Lukksund trial. see [4]) wirh a

transrnission-line sirnulatol'suspencled unrlcr a bridge over sea water in a
Nor-wegian fjord. The expedrnents with a simulator- height of l0 m, produc-

Figure 8: Luyout of lhr: EMPSIS sitttll¿lor lhat ctut occonunotktÍe an enlirc ship for a
filI threat-lcvel DMP test.
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ing fill tbreat-level, were carried out in 1990, and showed that with proper
care the sea water can be used as part of the transmissionline slructure o[ the
simulator. During this trial, the MS Ravn of the Royal Norwegian Navy is
probably the first ship in the world that underwent a full threat-level EMP
assessment.

Encouraged by the prornising results of the initial feasibility study, the
navies of the participating countries ordered a feasibility study into a full
threat-level sirnulator that cân accorunodate large naval vessels. The
proposed EMPSIS sirnulator is of the triangular-plate type as shown in figule
8. It consists of a wave launcher, which is connected to a3.6 MV pulser, and
terminating taper. This tåper is tenninated with a resistor network that
absorbs most of the incident energy. The terminating irnpedance matches the
simulator's cha¡acteristic irnpedance, thereby effectively suppressing
reflection. The simulator consists of 75 wires, and is suspended over sea
water. EMPSIS is designed to accommodate ships with maximum dirnen-
sions of 200m x 35m x 47m (l x w x h) and to generate the latest NATO
EMP waveform specihcation.

The ship under test is moored transversely with respect to the simulator.
The working volume stafls at 125 rn from the wave-launcher's apex so that
the field strength at each side of a 35 m wide ship deviates no more than l4Vo
from the value at the ship's centre. At the start of the working volume, the
simulator is 55 m high. A quay covered with a wire rnesh is provided up to
the ship under test to reduce high-fiequency attenuation by the lossy sea
water. This quay offers yet another irnportant feature: it enables land-based
equipment to be placed eesily within the simulator, thereby maliing the
installation suited for multi-purpose use. In addition, the simulator can be
used for EMC measu¡ements with Continuous Waves (C\Ð by disconnect-
ing the high-voltage pulser and connecting the appropriate equipment.

The size of the EMPSIS simulator prohibited the use of well-known
perfonnance analysis metbods. Therefore a new analysis method was
developed by FEL-TNO which is very efficient and enables one to analyze
even the largest transmission-line simulators on a personal computer. The
new analysis method has been implemented in a computer program called
WS (Wire Simulator). An extensive description of this method was presented
in []. The f,reld within the working volurne of EMPSIS is not homogeneous,
especially close to the upper wire netting and its edges. Therefore, we
analyzed the field distribution within the working volume. We considered the
peali field distribution at the working-volume centre as a function of the
height to study the field enhancements in the proxirnity of the wire netting.
The analysis shows that the peck field strength at ground level undemeath
the outer edge of the wire netting reduces to 15% of the peak fìeld strength at
the working-volume cent¡e. At the far end of the working volume the peak
fìeld sfrength reduces fo 607o of the peak field strength at the working-
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The report of the feasibility study, containing the technical and economi-
cal details has been published recently [3].

CONCLUSIONS.

4) The electromagnetic protection level of a naval vessel can be
assessed using an EMP simulator.

This wavefonn is applicable to assess a large number of other EMC
effects.
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