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1INTRODUCTION

11 Thie' ncé_d I’o_r predictio.h

Thc vanoue. clcments uf a shrp s supcrstructure auch 1 the masts funncls and

d[r fercnt deckq constitute a camplex scatterm g and reradmung envlronmcnt for any

antcnna. Any dntcnna lnc'tted thhm such an enwronment wﬂl possess radmtmg '

chamctensuc.s consxdcrahly d:fferent from the same charactensucs under free Space

condmons. SR

Degradnuon fmm tha xdeal lS most npparcnt wnh wxde bcamwxdth antennas

mpccxally ommdnectmnal ante.nnas such a8 ‘thosa veq&ired fur certam forms of

cummumcannns and Dmectmn Fmdmg (DF} systems. Degdrmre frﬁm l:he 1deal frt:e

-»_ . 13 -
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l 1 shm% '1 typlcaf wew of gntennas nn & shap 'At hest une must t;y a number of

dlffemnt anlcmla locatinns tn f‘nd thc iocgt;an whcm tha nnwantcd cffects ﬂf the

L superstmczurc on me nntanna are mmimlzad. _ H e '_j R _' Ij : P
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pdm,m wim therc may be Ioss of sngual (and thm communicatwn) ina spec:fic
darecuon It may dISO bei in the ftmn of mulupath wherc a signal may be received by
mora th.m ane path (some du-ect mys and others reﬂe.clcd or dszrncted rays). ‘I‘he'

' different 1':1_1,;'1~ will then ndd in and out of phasc and so created a dlstorted pattem

If Struatureﬂ in the near ﬁald of the antenna areexcned such that curmnts cnmparable _'

to the size of the cun'cms on lhc, amcnnas begin 10 ﬂaw, tﬁa at:tual cum:nts on thc |

dntenna will be Lhanged Thns will “Ot Qﬂl)' cause PfOblems in the rad1atmn pattarn_ [ER
(}f thc antcmla. but also in tha impedance (and thus m the VSWR) nf the antcnnn. -

S h‘S means ﬂ““ less POW 15 being mnsmitted, anr.l that same cqulpnmnt w;ll nms._- . B

The

work ﬁ;mpcrly oF may evr:n bc damaged by ihe reﬂccted power

..F .

. B | | ii;;x-au.sc nf ﬂn. cluse proxmmy of ihe antennas on thc plalfarm, the lcvel nfremptxon
' uf :m unﬂcsrmd mgrml by an anlcnna as inci‘ensed An example is 3 cummunicatmn

\ ,1'rammxssmn !xsmg recmved on :m navigatmn nntenna. The Iavei ot‘ this und&sxred E e

s: gmt num l)u cmntmlled as far dS passxb}e. for s,cccfpiabla system perfonnaﬁeg i ﬁ&

o f:? '_(%;_ A prublem mm is ucuing moremtenumz }atezbr 1s ﬁae pi‘ahlem of‘radxatm hazan‘lsf RS

(RADHA:’J I‘Im s whére the 3e‘ve1 ot‘ aelectric encrgy :s su lnrga lhat u puss&gs ia v

h.xzard to pcrmn m:l {rbr e.xample ,a wm'ker in fmut of‘ % hngh powar radar antznx;a) o _
m' m fnal ‘m;l cxplosm:s. I‘ar cffﬂctwc contml nf R,im,sz thﬁ enm‘gy‘ levcls at o |

dlf ﬁcrcm p!w'a ou the. s*ﬁp must Ba kﬁown‘ If amas mtb higli m«* pﬁwer Iavels m‘f .
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{_,_l;fbntiﬁcd wmml mmsures such as ihe. estahixsﬁmem ot‘ re‘émcteci mas aruund
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.‘l‘hé"Si":1gI=c s’nmt iniportarit reason why a method to predict the performance Ofa.n .
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g -'_.maaSi.il'tm’“v 1hc M,éthod nf Mnmcms, Gcnnmtm:al Themy of mﬁracnnn nnd

g _hﬁmd mctlwds. L3
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) 'Mmmm Mi'th.as descnhcd T!mz ,thwe compnter ptpgrams used m thls study are
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"'f': o o _ B 4iu, cimptu 1&. u\ded wuh a shm‘t d:scussnon nf tha re:sulm. T

S ;..Inp, 11 r~. pnsslblc 10 try a fau' numbcr of different aﬂtcnna locatlons to find an'-
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"h'.ipt.c-r ’%'di'qcuséc.s the 4eSults nhthiﬂcd du i'ing the mbdelling of a 3hip. Thres models
nl‘ mt,rt,umnp compiexlty are dcscribcd and the results shnwn At the end of the

“ch uptcr adi snusslon of the results is gwen, :

: _f‘hapter4 shnws the conclusmns drawn from the rcsults obtamcd. Aftcr a summary

of thc results, further possible extensmns are. discusmsd

FT =
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" Appéndix B shows the detail of the measurerments made on the ship modsl,
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anenis ire alw dmcussnd m ﬂxis buok. O_pe of t_lm 1mportant hspécts dmcuss:d 1s ‘o’ L
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e

the anmmm (m \.{up problem et




Yo

L '-_-a Gularkul tet.luuquc.[, o

o ,Z..-t}n.s typc nt‘ hz( ’
o . S
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n-f W . :\- ’

o :mrfaw. ilc mc‘: an umfcrm curmnt dcnsﬁ)’m cach ﬂﬁg‘lﬂem wnth point matching' E :.-5:__-’ -

| '-'{_'___az zhc ccmcr ur thc segments. Scattcrmg ﬁnm me qﬁrfaces 15 madelled He wag able""ﬂ'“:f _' . o

e -.ﬁlu-r t opsn. 1 hc wu-e mdms wé% mken asc,aosx Ascnmm plate:, w:th sxze ﬂiat changed S R
. -_._:;_:_fmm 0.% m I l l was quelle& w:th 8 mws m cach dmtm. 'I"he wire dlamem_. T

'--._"f."'waq men k:hc mxh nfthe léngihoftha P!ate.




- “ﬂlman and Smith @ use wire gnd modelhng to caiculate the current on & ssirface |
Fh:, f m{ds LI"'hB to the surface are thcn determined, The wire gnd used by tha autlmrs
Jisin the csrdz.r of 0,1 &.in size. Ths authors found that w:th care the near field can be o

wic,ulatcd d‘: closc as One grul wpacmg away from the sm-face

- Jambri-ml zmd‘ AHL’IBS @ shoﬁ-pr&ﬁféﬁé& an'd measnred ﬁ:suité of a;ﬁ;i'ﬁ-fan antenna S

and monopnlg ceutered nn top of aconductmg box overamnf‘miw gmundplane The' .. S

S sizx, of tiw tmxcs used: was of the same urder of thosc of the amennas ccmsldumd Lo

| . -Accnrdmg o the artxcle the distances betweert pamllel w:res of the mesh werg kept ) ' '_ |

o lew dmn it qmrter wavele.ngth From the figure suppliad in 1he. amcle it laoks as e

ﬁ‘ mprc pmullci wmes were used The radu were choscn se that the tma‘l wire surface ;{. . - | '_

i ' waq iwmc th.u of thc angxnai surfacc, Reasonabfe msults were obtmned by thcm, B - |

iiubma and L.lrose “’ chd a. study wherc: they modelied a dlpole neara mﬂst bullt of __ .' E e

tubular sc,gments Pmdxgnons wm dona hsmg both wires w;th the Method of - O
i

_::?3-_ .:_.; qumenu. {Np("z) und fut;r f}at plales wuh the Geomwiaal' heory of Diffractiun-__f?.._"' | e
s.'S'!‘D) VLI}‘ »um;mr resu!ts weranbtanwdthh bo;hiﬂathods Amaxnmum segmcnt \ e

=

'_ _!mgﬁx nf D, 2_1. was uscd m thc. Method oi.ME:ment study. P

~';': :,'_.-..;-wﬂqgmgn and Stemp o ﬁxscus& Bhysmnl madeilmg of ﬁhlpbﬁrnc antennas Thg;;__.; SV -
- '-'____'f’actm th& :;,;imt ii:c uszd in aicctfémagnatw sca E; modcllmg nf zimpﬁnas m shawn. - ': AR

th. mmt huffortam changes th’f must be made are :he change of phys;cal suzas, _' o

v frqquen y and th;: cenductalme of a!l matannf's




platcs with rivér:]aﬁpin'g'.patc&e's n,ré giveﬁ Thrﬁe 'eximiplés of ét:htteriﬁg solutions
e glven Immcly a rockct tch Concorde aircraft and thc Boemg 'M’? alrcra& It should
_ be nolcd thatthe frequency u; sed is Iow sw:h that the rackctis 2 4 A lon g, the: Concorda |
__-ISKandtheBocmgM‘IIS?\.. ' o ' .

Rockway and Du Brul an state in their ovemew of slupboard antenna sys;cm
'__-,predlcuons thc f‘ollowmg two basm facts. Fxrstly, na ngomus algonthms can be
: =dwelcped fnr s.e'fecting antenna !t}cauons untnl all the factors mﬂuencmg the
3 '__dcmmbxlny of an antenna sne havc beer adennf" ed and then' mﬂuence on the 3ystem .

- "1_ __factors

2 n';somated wzth the: c;md:date antenna dctermmed Furthcnnom

i‘n ﬂuen c:mg amcrma site desxrabxlity cannot ‘be dstenmned until all aﬂtennas are.

"-__-'lt)catcd 'I‘hc two bdsic facts are mcampatlbie and. can only bssolved sunultaneously

' "'uamg samc: itcrauvc techmque. 'I’H(\:y furthar mada a eompansnn between the: use. of

B 2 'munmca{ modellmg and phy'ncal madellmg The conclusmn is reached that the twa

s :" " Icuhiliqum am cmnplemmtary{l‘h& d:rect cost fur thr: nnmencal mpdellmg re!utiva

: __m phymcal nmdemng “was graater bccanse nf the t:ost of cam_pute.r ﬁme, whﬂe the

L :'mana[mwcr cost ms considmbiy Iower |

- __’I nﬂwu, o, cxammed the ch,lellmg fat‘ sﬁrfaocs witﬁ a ﬂvms gmi. He recogmzed that

! 'iha results nbtamed usmg a wzre gmi modcl uf a solid surface ara senqiuve m me
wsrcdmm“éwr} Hc then cxan‘imed thapmb!tmofw:m grrdmudellmgnsmganmfmiw
::5_._" [nng cy!mdcr, hxaa msults ibr both thgme problem and the wirc grzd mndel were '
e -:'mmi. rhis fsul'licd lhceffacts of wire gnd mgdalling fmm cheraffcctsnf the Methad

ur Manmm li‘. cmu&sm the cnnciusionﬂ@t tha basi accumcy 1s obtamed whemh&

B : .
Lo
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Vs ire dmmcter mnﬁes the same surface area’ rule of thumb‘ 'I‘he et‘fect of too thick_
wxres 1'; ju st s bad as wo thm wxres. He also shows that the boundary value match'_ : |

butwecn wi res is not a rchablc check on the valxdny of far—f’ cld rasulu:. _
14 Prediction _iﬁet_nqqs used o

Vanous mmhod«. :o predxct the performance cf amcnnas on sfups are avallabxe. The _

followrau fi our mcthods and v.mauons of them arc ‘the best known

. a
.:_u.:
Lo id

141 Mﬂdelmeasurement o

B | _fﬁ; :' Mndcl msasnrcmcm as applmd to antennas on ships is 2 techmque by whlch the.'-_ :

[N

mdxaung Linmcmnsncs of physxcally Iarga structures (such as an antenna tm a shxp)_ e

zfre deta,rmmcd by dmng antenna measumments on smtably d:menmqhed’xcaie__ o

) . _ .md modelled 15 usuaﬂy zhe HF h:md, althaugh smm Flgdeum
s takim .pﬂmﬁ, m__t{m.UHF hzma im BURTR R S S

':mde! nf :iu? sh

_ t as aisn vnxﬁr d‘fﬁcult to model any nomconductmg pnfi such as

pawa madc nl dmimm:.:ormagnetmmat&nals iﬁg composzta rnate_haissucb ast:arban

| ___’___i’ibn. and “fabmglass) Tﬂ be abie 1o mnde! such mawnals a vexy im‘gc range of




| . myterials with different dielectric and magnetic constants must be available. It Is
- o bellcvcd that more cumposne matermls wnll be used i in "uture in the ship bmldmg o

ploceqs. o

Anoﬂicr.lt1ajdr prbﬁlcm_ is the timescales .net_:dc'd 10, t:bm_pl_cté Sdch a mode. The
: modc'l necd;: io inclﬁdél a-il-‘the detail of the’-originﬁl ship and the surfare finish necds '
to be 5{ Fa wmpzu:able standard (ta‘kmg the scale factor into account) to the rcal Shlp. -

tt is Id}ﬁ' wmre. qume dnﬁf‘ eult and expenswe w0 make any major chamgcs to the: =

"'.'\_.'

alup § ﬁtructm'c ;zﬁcr mxtml cnnstructnon of ihe mqsde.l o,

An advmua;.c of modci measurcments is lhc far:t j)\at once. a modcl has been bmlt' o
up, ] larga n umbcr bfmcasuremcnts can he éone m 8 faxrly short nmc. This is possnbie '_ .
bacause nf nutomaied measurement techmques. 'I'o do the scale measuwmants 2

properfy deveinpcd anzanna measummf,m fac:hty must ba dk'aiinblc. Such a faclmy_ _- E L el

R

o 5}, : Llemmmagneti?: radiatx:)n (or scaztenng) pruhlems can 2 %;ays bﬁfepfh%“w‘l bﬁ’ an

e nngzw equanon 'I’h:s ct]uation Lﬂﬂ pniy i}e sol'md rigorously m a fhwspec:al aascsh
| TE Methnd nt‘ Mmmnts mvoives tha rc&ucucm of tha assocxated mteg‘ral equanon" y

S ol vystcm nf hncar aigebrms equauons. Tha unknoﬁms nf‘ thts system are




s ?mm al} the possthlc ray paths and mccham&ms between the. two. L L

2

o reaaomtblc COS B

S

o 'I‘he Geomcmcal Theory of anfracuon is uscd where the wavelength US‘*’&’I s “’“"h

: amallcr 1han lhc siructure under mvestigdnon, It 15 then» posszble 10 descnba the .

o : i‘he"%;\m nceded fur .:1 G’[‘l’) salutmn 1s nat dctcnnmed by the sxzc ot‘ the structma
o ""imt by ﬂmmmbcrofpossiblerays thatmustbeu‘aced 'I‘hismeana that largestmctua’es _' |

matrix (.qtmnon, the currents on the stmcturc can bc computed From the cumnts

) _'qccundary p‘trmnf,tcrs such as far ﬁefcls, near fields. 1mpcdanccs and coupling cxm a

be obmmc_d. .

B Thc number of anmultanenus equauons to be solved is dlrcctly rclatcd to the total
3 "': size of the structure and the frequ&ncy This means that for larger structures more
. _equuucms are needed, whxle mcre equaticms follow at hxghe.r frequencncs. Thls Ieads

W d]e m'il!l dxsadvamage of thns tcchmque, namely that the arnount of equanons

e

S mscnmmmmmr D:ffractmn(GTD) Lo

. clcctrmn;tgncnc waveintcracnon asaptlcalmys, bouncmgbctwccnscattenngﬁomts.

mteracuan bLtween g source and an obsc__ | is detanmneid by addx_ng cﬁnmbutmns

|

e

R €un bwnalyscd quileeasn!y 1f :ha numbﬁrafray paths fnr the structure is sma}l Th:s

e | necdctf to bé«solvcd becamcs iarger than can be solved ina reasonable hme and at e

o

___-1 he Imsw sc'ntenng mechannsms at these pomts am dxfﬁtaction and reﬂcctmn. Thu R i

" e ;_;is usualiy truc for-large bcdxes t!mt have na enneave surfaces GTD does not raqmre g
S '1 im‘g{. memury Thamam hmitatmn nf the. GTD is thatforall difﬂ;acunn coefﬁmcnts :



o 10 bc vahd, all rcflecuonldlffraction and source pmnts as well as all geomcmcal -
dlmcﬁ*uons must bei in the order of at lcast one wavclangth apart. Thls may berelaxed '

: on qudrler wavcleﬂg“‘ for cngmecrmg Pnfposes .

S \;; Becausc of thc hmnancms of the Method of Momants and the GTD swera’l types of
o hybrxd mf:thods were dcvcloped ‘I‘wo such methﬁds are descnbed bneﬂy below

- '_-"rhe' GTD/MM -h‘}ébrid mie:hcd is'one s‘uch"‘mezhadﬁ 'rhe Method of Mnm’ents is used"' R
o __:todc\xcrmincdit‘fracuanmcfﬁcmmswhlcharcuscdm {heGTDsoluncm 'I‘hismethod_ S

" 13 mcsﬂy used in the nnaiysm of antcnnas whcre thedlfftac:non coefi“ clents of certam = o

s q U _-;structures arg rmt known. An example. of this mﬁthod xs found m the worfc doma at : .

o Ohm State Unévcrsuy oit thc radiauon pattems of ﬁpenum matched homs o,

o - ’I‘he MM!G’I’D hybrld metﬁud 13 another class ot‘ hybnd methcds. In thislg: ch
Nl - Me:hod of Momems solutmn 1s set up t‘or the antcnnas :md thenf a%mﬁ;ﬁ R

'ncnghbcrhaod Im(trub MWGTD hybnd metﬂbd theresulnng intemu,______ | -
then modjf'ed by addmg 1he eonmbuuem ot‘ mﬂectians andior difﬁ'actions fm s )
far~nff (bue wll in thB nemﬁeld) stmctwes Thxs Pl‘ﬁﬁﬂdureareszﬂts m % mdu car.l IETRNER

'nmtnx (ﬂmq less swrage nmdzd}:and m most cases in gaduced computa&on iy

-_'_"_'En a simple MW(:’I‘D mcmod tim c%rmnts nt ;ust the antemm and Its immcdxate G -

G

_: ' »urmundng, wﬂl bﬂ ccmputed assnmmg that the rest af the sl:mcturq daes* nﬁt cxisn . .\ S

R 3{:: _-'-_'TheQumnls nf thxs area gﬂil then i)e used to obtam tbe far f' elds of ihe annenna m . f' a

)

-'_:'.-th;; presence nf the whole szmcmre. §b$ method makes the asmmpﬁm tﬁat the




i

'curr'cﬂ'tis on (he antenna are n.t affeclcd by the struc'nlré‘. An exr;ﬁiﬁb of this n‘lethod
is whm a4 :mmll wire antenna such as a ultra ln,gh frcquency (UHF) yagl is mounted

- ona ld.l'}:,l.. SIrume such as & blllldmg




* 2'THE METHOD OF MOMENTS

2.1 I.ﬁ_-t-roduction |

o The Mcthod of Moments isa mcthocl whcrcby the radmnon or scattenng structure

' Lon.»ldered iy dlwded in smaﬂcr sectxons {usually called scgmcnts or modes) The

o '_stectromagnctxc mtaractmns bctween thesc secnons ire. then computed as-an

R unped.mcc matr:x A voltage. vector is sstup accordmg to the excitation field Thus .

: the pmblcm 1s reduced 1o an cquivalcnt sat of simultaneous equatxons. Tlus sat of B

' .,;:.s:multaneuuq cquutmns is then solved to ub:am tha current on the structure. qum

L © thccurrents secondaryparameterssuch ns:mpedance,couphngandm rauonpatterns_

'cumbaderwcd L

- _:-_;,nnductmg slruuures._ SR O’ _

o b

Lo ’ ,' e . . K. _':a.

B

BN B I‘mm Maxyvcll 5 cquﬁtmns wa can derm a hnsar intcgral cquatmn. Appendm A

b 'f._'bhcws amcmmiﬂe of suﬂh a“}é J"Eﬂﬂ 3‘1“““"“‘ o

o _ sl : . D t] _
IR I"'nlluwmg lhc procedum g “%le fqllnwmg 1s a mtroductiun ta ths MomemMmhod._ R S

ff(',*_enhisi_ﬁ_c_:g;1{;§gj;1homogen§0ns'e_q_ua;ion::ﬁ,, '-.::-'_g% e ﬁ

IREI

4
;
w5

B ) | 'I40r um purpos.::. nl’thu. dlSCIISS!OIl we. limnt ourselvas o radnatwn and scattenng from o

s S : Lo T

R

L R




= I

~+ which fora lineat operatorloads fo .

o Zang)=r

L '_ ot‘ basu. or axpans ion functmns ¢_, inthe domam of Lm thus

- where

L, is g linear operator,

I"a known f unction and

ba fllneﬁoh to.b_c -deierrrﬁne(l.

In the case of electromagnenc problams Lm ns norma!ly an miegral or .

:mprcsscd fi eId or the applied vultagu. d: and I' are both funcnons of the spanal K

| mordma‘es and of the frcquency

umivtermmed purameters, t'or example, As a linear com‘bmation of a finite number

0.

LRy

o subsutuung (22) l“m_(ﬁ‘“ 1) we gﬁt

o

e

: "l‘lm currcm'diqtributidn' & can oW be expressed in terms of known functions =usi'ng- EE

n 31’ he Lonstants oc,, whlch m f'mtc in number, must now be. damm&d By S

' mtegmad;ffcmnnal operamr, @ is the distribution of elcctncal current and I‘ the o

]

T



- Def int: a suimble inner pi oduet <a,b> for the problem in terms '-df an intégml over
me spdcc S (for examplc the surface nf a cunducnng body) for which the current

-. dwmbu uon d) ts dcfined
<#-b=?"“'-*-’f ("”J-'fﬁ F R X

K

- Define alqo asel of welghung functions w;, in the range of tha operatorL,,, and takr. ' |
thc inner pn oduct of (2.4) wnh each w; 1o get
R oty wf,r?:,fofairi; s

; The problcm has thuf; becn reduecd to that of i setof lmearalgebram equauons whit:h j

1 can be wnttcn in matnx notmmn as AL




@9

iR
- B
8

'wnth S
'y,, -< 11:2,1":::

B

Equation (2 7}cun bc sulved usmg amy of the standaml l‘?@}*“ﬁ{i{ ‘“h@g fac@zauon
oftlw&mumx.f . RIS : ®

Tha a&guracygnnd e.fﬁciency n}' the methnd ﬂ(‘pbl*{i *a 3 hrga scalqs brma choicn ¢{f l
R =-__-.-.>_1hc bns!s func:i;ms t}\, aﬂn\{we:gl‘ : ,g funcnons w,. Nnrmally tho bm@ and welghting
A ,. 'funcnen '__ : chosen suﬁh that each xs oulymon-zem m;.,r 2 regxon smnl! cornpared o

e '_Q-'-__,'the wavalength By using many sudh functions over ti‘a&s\b »xy, a body nf arbitmry
LER :shape oan bs coummctéd indepgndently of thc spemﬂc hasxs functions. Lok L

P,,'
-

2.3 pmgﬁf.-am NECZ, '

T!mNECZ Pl‘ﬁgfam“" 15161 is % co euter code usuﬁ to solve fr)r thv- curmnts on ﬂmi o
| wzms or cinsad surfaces. In thxs study em’iy the 1hm wsre modeliing capabilnty of
NECR is usad anu no demil of lhc surface modc}ling 13 gi%n‘ _-'?_f:'.{ JW




. g(-!"]..tl

* The infegral equation used by NEC2 is an elecu-icnﬁeld integral equation (EFIE)
_ which followsﬁ'cm mtintegral rcpresentation fcrtheele::tnc fieldofavolumecun'ent

chstnbutmn I

Eﬁ)"—*-—-"%f?'(?’)'&'(F,F')dv* - B 3 43
. o - | |

'G(‘ r’) (k !+AA)3(',r’)

P Jﬁ]r-“‘}
-7 f

)

]

- - usmg the time: cuﬂvenunn a"“" I xs the rdentxty dyad (f;t + ;ﬁji + £2]

b \; ' ' R

If we consider a parfuctiy conducung body with th% curmnt distnbutlon Inmtud m o
tha surface of thc body. equauo&{z 11) he[.omea S o AR

Ty
'fj




. E@=ETE e e

where [* indicates the principal value integral, since the integrand is unbounded, -
The bound.'ii*y eonditidn' for7e S is -

n(‘)xr‘mw(‘)} 0 S (214)
wherc Ay is thc umt normal vector of the sur‘face at r and is the ﬁeld due to the

' _ mduced cu. ;entJ' B
e Subsututmg equatmn 2.13 for E in {2 14) ynclds the mtcgral t:quatmn

-—-n(’)xc (‘;mwnr)x j .ma <k”'+amgr,rm' L em

=

If the. cnnductmg Surface S 1s that nf & Cyiindncal thm )vire, the. vector mt&graI in |

(2.15) can be reduced ta a scalnr mtcgrul ec;uatmﬁ 'I‘he assumptxons applied fo:t}w:.:_, - - - o

thm wire arc us follows. R

- a .

RT3

o]

= T = t’\

maﬁfram 'i-s :‘cﬁmé;emed'by amea; :‘mithe 'wfifé axis.‘;' SRR Ry

The banndary condition cn the elcctnc t‘icld is eﬂforcad In the axial d:rectmn

w . :

. : _'-m} ¢?f:!i_*§=n'tsf¢ﬂ thé'ﬁim'ﬂm'mumcd G _ﬂ.dw _'i'n_ ﬂlp-nxia_l ﬁirﬁctio_n;’_. IS

Them is fio cxrcumfa:enu.xl va:;amm i tha axlal current. R e T



o Th“' st of ﬂlwroxlmauons is valid as fong as the wire rndzus is much less ﬂxan the o

-. wnvclan;,lh and munh less than 1he wire length

Ui issmpions, st T D)o ot o
e replaced by 'a_ﬁiaﬁ;;nm — :

| !(S)f__“m? (F) B -

_ _.s @ d.lstsmcc pnmmctcr along thu wwa ams at r a,nd o

f umt vm.lm tangent m 1hc wma axat: at r. B

”‘ﬂ{—) X E {}‘) : a{ i ’«(") xf;{s }(sz &__‘*}(' "F:)ds, . (2.1&)% : : | _

L

L

L -,}w}acrcthc mtc,s_,ratmn 1sov"érthalengthofthewgrc.ﬁnf‘ommgtlmbuundarycon_ 0

A - ; in thc axxa: Lhmcuon rcducq;s aqnauan 2 16 to the scamr equatwn

R 'ffra f m( e g=:gsa,.~)€r, w o <m>

w ’

L _i‘ iﬂ nnw thu pmnx a: s nu :h:: wn‘c fms whﬂz 7 1s a pmnt at 5 on thc w;re. surfacc

LV

. a_-~ :

'_ami thns' {-_r ' F’) 'fB a and the mwgrand ls hnundcd

RPN

T B P




o m cimud f'mm [‘he amplxtudcs of thc corrstant. sing and cosine terms are related
- #uch thnt lhclr \um satnsﬂas phyalcal condmons on thc local behavxor of currant and .
. {Ll?ﬂl‘}ae at the m,gmcnt ends. . | o R

R Thz'tdtg] Lurrc ht Qh_ 's'egmgn_t hu‘_m'bér jin’ &’EC?.has the form

.

o 1(,5-) Aj—w mk(s s,)+c,cnsk{s-s) L L ewy

) whcr& RN




'1 he msults 0! applymg thc ba51s funcuuns is tlmt thc currcnt isa peak m the segmem
whcm itis dv..fincd, and goes to zero wuh a zem dunvatm: at the fm' end of ad'acent
e a.cgmems & qhown in fngura 2 I | |

’ ‘:.].'-_-

TS

et r%‘;gsis_ff_i;'ﬁa;;a.;.géea_.mﬁzm; S

__A: "'mudel nmg umclude nonradmunb networks and transmmsmn imes cémnecung

o dxl‘fcmnt parzs cxf lhe strw:ture., fmrfect m’ Emperfect conducwrs, and lumped element

| {f -', Imdmg,f A pufectly or imﬁerfcz.tly cbnductmg gmundplana may alsa he piﬁceﬂ m

g '_the mndcl

" NhCZ mdudu scvcmldiffemnt s‘oum mndcls The s.\mplest of thls i the m"’d&n; -:; " o
B -Pl.me wave c.m the qtruemra This ,can be nsedfarmodclliﬁggmiﬁng 1ntennas whara

l;

. th;: curmm iit ﬂu. fcedpomt is requlredn It s also used_for EMP stuﬂias whcre mduaeti




 currents on the structure arg caleulated. An incident plane wave is also used in
. annttcnng smdlas whem thc ﬁcld scatterud by the st.ructure is exammed. Thxs 1s not =

- very uscfl* n the prescnt smdy and no furthcr tletmls are gwen here.

| A use,fui source modal and the one mostly use;d in NECZ lS the applxcd el&ctnc fiald'
o modei Hert. ai c!u:tm field is spcciﬁed at a sinigle match pomt. For a voltage source’ -
o of strcngth V un scgment 1, the element in the. ﬁxmtatmn vecmr correspondmg m tha e

R applmd cimm f 1eld at the canter af segment i 15 sct to

v " (\2‘2@?\ B

S _' whcr:: (&, is th:: lcn;,th qf segmcm i, 'I'hc dlrccnun of E 1s toward tha puatzve end of
o _-_i-the vgltag(,. smume w that chm:gc IS fﬁushed in the, same dintction as thez source. The'_' e ff _. :

' i”c:ld at oﬂmr maich g_omts is set to zcm, e B R c' '

. E'I he actual cl‘ft,ctwc valtngc. 1& thc lme. mtegral of thg apphed ﬁeid a]mg lha wzl‘e.'_-:'_

"l I‘hls f@eid is n(Jl knnwn a pmn laut may pe dctcrrruned nfter t.he: cumm 15 f’cund by.f-:-.i.'f'-;"_._{ g o

e _- ;nlegaiiug, Ilse scn‘itercd )‘;le.ld pmduccd by th¢ camnt. ‘I'he f’ eld 1s nearly consmnt

| "néger thc sq,mcnt and dmps sharply at ﬂu: ségmeut ends. This means that tﬁe'j ’

- appmxnnatrcm nf tlw mltage m cquatmn {2 2{}) above is appraxzma‘tnly t:omct. R . S

Acomputeﬂ by @iwdmg t}ae current B the (:entrg_gf' S

A
--:—_gau" .

""___'i‘hz amtauna input nnpedance is

3 :ﬂm wgmenz (a%umzng xt te be thc avgrage currem) by thc applled volta:ge.x\ﬁthe'_:' v *

L wcgmem m wlmrt and a symmemc feedpmnt m usad sa that thr: current of the cen:e.rf : f.._' . '. C o v

f__'__cqunls thcavmge.cummand thcmumed voltqgccqugls&haacmal apphed voltage,

: -_"jf-fa:riy acctmu' :admmance rcsuiis can hc nbtmncd“‘ ;‘ L



Anmhur souru, modcl ig the cum:nt—alope dlscuntmmty model whlch is- bnsed oha -
dxscnntmuuy 111 the derwatwc of current Far this model the source regmn is vxewed_' '

us 2 btcomcak tmnszmss.non line thh feed pomt at the source lccauon as shown in _
f“ gure 2.2.‘" Thc vnltage betwean a pomt at $ and the symmetric pomt on the other_ N

Mde Qf thc Imu is 1hcn rc!ated to lhe denvatwe of tha cumant by the transmlssmn ]ina \~ L
cquutmn e 3 ' S |

] )

St .
)

V(SJ Jzn

Y n O K J:- --.\_-._

/Q rc.lanonsth ps.t\%m ﬂw voltagﬁ Vu uf‘ # sanrnc at s,, nmi thc cﬁsconun_nuy m cunent

Lﬂxa-n]

| Dr(ks)
syhre 8(ks}n
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B By makmg suitable (.Imn gcs 10 lhc basis ﬁmctlcns thc d:sconunuxty in cumnt can_ o

bc 1nlrodu<.ui For dct:nls of thls pmcedure see 9,

' -_th 1he cmrenl slopc dxscontmmty model the admutancc is the rati.o of the cun‘ent
:'at zhe scgmcm cnd wherc the source is located, to tl'lu source voItage 'I'he two o
S o ;segmpnts of apposnc suies of the source must have cqual lcngth and radu. _Tlus"'-.
. o s -means that 1hls nmdal can not be used to model monopoles or o feed at the ]unctmn_ |
L '_ of moré: 1h\\[1n one wire. S
SR 2 4 Progl am THWIRE.

_‘J s

‘rhc 'I‘IIWIRL program W gy thm wire Method ot‘ Mcmgnts program wedio
' calculata Um(.urremson 1hawircs br:causeofa Speclﬁcd excuauon methecun'ems -

Tk _:' s;wcmi sccm1dary parameters such a8 input 1mpedance: COUPIIHE bﬂmﬂﬂﬂ P‘fﬂ"is and -

o mcimimrt pnlmms Inay bc. computed \ o I _- oL

'l‘hc Progmm mcs thc rc'wtxcm mtegral cqnatiun s descnbcd in Appenchx A.&\ e e

T Ihc pmgnzm mnkcs usa of sumlnr baszs nnd test i‘uncnons und thus a sﬂmmemcalf . Lo |

'mmux is :.rcmed The hasis an ‘ test gancﬁons arg. deﬁned over what are called_'_ S

1pole wnsis:s nf twn ,adjacent segments of thg T

e cxp.ms:on m- icst dlpoles, Eac& s
N wxre atrm.{urc. Sus.h i dt;:ole c;m be 7 1mear dipolc f‘whnn 1he tw0 ssgments fmm a-i :

| straxght imc} hr a ’V dipole (whel‘ theltc zs an &n;,!rs %lher 1h:m 180“ between the twu:

g

. belllemk)s \\{ : _. e . 9 " - . 4;(. . I. : . I : A ‘Pj{d%: . -
T he currcnt da‘tnbutlon nf n lmear expansmn br test dlpule 13 ahown m figum 2.3

dnd gwgn hy
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Ty P sinh Yz ~2) 2Pysinhylz~z)

©osinhyd, o sinhydy

where

'- P,(z'_) =l <2< zé-

Oelsewhere

Pyzy=lg, <z <y

o -_'____'OI;efﬁ'ﬁwher'e_ D

dy=2)-2

E 'be’ wy f*iﬁmﬁiﬂn'of st diple the currentdistribution Is

) . e

fﬂfsmhy(l‘wlﬁ_‘_i‘;z“?slnh?(i‘,—i}
: smh'yd, w Sll‘lh'fd:

229
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ki

- I*rbun: 2 :hﬁ; Ii’near expansion]tcst dtpole used by THWIRE. The endpomts af the a

| :-'_dlpolcurc at z, andwz3 w1th tcrmmals at Zg; S ~ D

s

zsmgnnsv

'I ia;. I.SP bmgmm ( ’ i-: a Metho-d ui‘ Mo?nent pmgmm that makc us¢ nf bo!h thm ) f_ .

wm str&cturw“and wrfaccz patchc.s The suﬂace patchc:s are twn dxmmsmnai

i
LW

xcn.mngular surf.n.m lhat sup ort cufmnts on the surfacce T

HooL : . -'_' ‘.‘.’F

%hree b.mc types sar modcs arc uaed w:m d:polf: mndes, surfa& chpcﬂa mc:dea and

- *.p{:(.ml utmhmcm mudc whenewcr a —wzrc connecls tc & surface. Wuh thxs cheme

a nf cxp.mqmn fum,tmnw ganmemes conmstmg of ﬂal: surfaces, lhm wxres and

wm-eurfm:c mﬂncclms may be modcled A smgly curved surf‘ace may bﬁmoaelled

. e .
g o " o ‘C.

:mn;_, a piecuwm f}at npprqximauon.

.d“, Lo

AL VPR

. ".__ IR



~ “The wire mode used is similar to that used in THWIRE (see 2.4 above). Itisa
: plELCWISG"\lIIU‘aOIdal V-dipole: conmstmg of two sinus mdal monopolea. Fora sketch

_ of such & made see fi gurc 2.3. The current on this wire is given by

e . e
[ 3355;-13 =l Q)
| '-wuh ' S
,(z) ml,z, <z <zz
0 el wwirere
[),dww!wm B o | N |
“* #mxl thé wire: radms |

. 'I‘Ixesc mndm 'ma plm:ud m an ovcrlnppmg array cm the wire cnsunng connnuuy of o

D fo cmmnt ou ihl.. wzrt..

. _?i.. S

bl

L '1 he wrfucc«pmh mndm i mxrfacc V dlpale t;onsmnng of\twn smusmdal surface " .
umnopnlew. An c:&unpie of # surface V-dlpole w:th in tenor angl&m 1 80“ xs shown_f*i---"'-' L

i ﬁgure. 2, 4 G l;c c.urrant cm this dipole is given by

q

Lo PRTEN
i C

k?’; wm&(z-—zl}cosky ;Fé?’gsin_'k(gs.;__z}k_-:c_s.k'x'f .
2smk(~ ~apsinkw.” stk

"'!’ i’z 05 nlmvc A T

q E imif g[u, wulth m‘ the. dlpc’ic."_r-m- ﬁ

5.




palzmzatmn .md dzpcnd&nceof tha cumnt dansuy close o tha;uncnbn Tgﬁsnfnde

B ummtﬁ of‘ t\vu parts, 2 wim monapolc und adisk manopﬂl"* 8s shown n figum 2 5




| \_,._Nmu t it
' '-:'.;ﬁihe dis
o at ﬂ,%ﬁu}),cmm Theg,menr on tha disk al b i e:qual fo :aem to nnsm‘e cnntimufy nf

L l'num%ntm me v.urface.- NS

e it 1s im'pdn mt m m:a te 1hat wﬂ,h thcg.ﬁ exp&ns:pn%’unctions the, csmat is alwayg '1_ i w

: wnnnuoua* m ﬂus dzre.cunn r:fthr:. cusrent. hﬁt st may not chcmtinunus in the dzmu;m

5 __nrﬁu)gunai {ulhg, cumsm ﬂnw. é L B :

o .-_-wht_re 1 lf:nmmlwnhagc is szmpiy r:nj’med on one uf khe dipalcs

s

'....w i sml;(z,—z)

“Z?Ia sinkz; E - o ..(2.27):

" ‘where the disk current density is defined as

) S

.\,,” A _;t.ink'(b"'p) : . .. _ : | ..: E | (238}

an\ s'm!.(b——a} SR e

e __ u, b ar:‘ Hn, inm.r and cmter radli of the dlsk

t tln, umcr fadius of the dnsk 1s equal to the wm-. radaus, thrt the curmnt o

4’ catyls uqual m the current at z---Om the wlre. to enstre cxan'mmty of cmrentat

i ‘)\\\ i

Y

Lo

1 o I-or antcmam, llm .g,amc feed modeLzs used as'in ’I‘IIWIRE, :hat s, a de.lm gap mod&l

. _. .\ Lol . S

o
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prcwe converg ef the msults fmm Method nf Mament mdes

" As 'a teat cmc ané w0




SR

W

. n.sulw m lhc T l‘i{VIRE resuits. It carn als'o bc seen hzat n largc numbar 0f se:gmems

¢ nf NL(‘Z for more mformanon on the fced mode]s) For the apphed E-fi eld modsl |

' mvcsuvated

A -‘“summary' of the rosults obtained using NECZ and THWIRE ace presonted in -

N icc&mmﬁ:& whem tha feed se;,me:nt Iength was changcd betweers the dxfferentcaScs

N tf_ : _;:-5

" ':--mbulatcdin appqmdxxC. R '- R S R

Soom

T
I v

o . prom the t‘c‘.\ults 11| is c!ear that tlfe appéhed E ﬁeld mm,lcl of NECZ gwas very snmlar

 Progsuins NIC2 and THWIRE were used in this part of the study, Because NEC2
 gives sévcm'l difﬁ:rcnt options of feed modéls the differences betwce:i the applied |

| Bi-field and the current discontinuity modcl were mvcsugatcd (see the description .

| the cffect uf n:cepmﬂ the. fccd segment at a fixed len gth or varymg the length wag

o _ g,raplnud formin fxgurcs 2.6 t&ﬁ 9 Thcse NECZresults are ali far tha applled E~ﬁeld o

" .‘._m bc ﬁ}e 'mmc Icngth as that of the rest caf‘ the qe.gments Thesp rcsults are also

| '_"'.'Plgum 2 10 .mq-_'z' ll show the cnnvergcnce of the mp@ance results thh both
_, ':N 1 C”’ nnd i HWIRE, Ferlha NEC?.rcsults the%%ml diffcrentantemm modcls used-_ B
: :_,.'nrr: ahnwn Ih 15 ﬂksuhs are shnwn fur a f mquency of ’500 MH:.. '
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Solld aultch\ can bc modelletim lhe Method of Momcnts by usmg wire gnds as o

t.hown in {" g,urcq 2. 12 :md 2. 13

R

{ﬁgtrwzm Exztmple of a rectangular wirt'_:_ grid model of 4 surface, o

I

o : l*lgum 243 _Exaﬁiplﬁhf 1 ﬁasﬁgu{hﬁ wwc g}id_ moch of_ﬁ surfacc. L ST S

2= l'hc mmh ;.sze must be sn’iali compared to thc wavelengm (0 02 003 square L
. wavclaﬁgzhs)‘” ’i‘tussizahasbmn ti’etenmnedbynumencai expanmeut Moﬁemrcs -
. mus: {'xc usx.d ncar edgea .mai on places where me radxus of curvatlfm 1,; sma‘ﬂ B L

._.0 :_.

S




- mm:ms tend to flow in any pamr*ular dlrcctxou {hen the wires in tha mesh should

the :.nr!‘ ace arcd of the modened surface @ By /fxpenmcnt it was faumi ;hat the wm:
N then for mdar cros's secnon (RCS) camputnnons, the. positic'm of tha RCS lobes ﬂ{ill

"Inbu, nre qiss w.ry much affected by radms sxza. The w:rcs shmﬂd ba of thé sama

' __wnductxvuy as lhe surfacc. o

B o tcsl mmc nr lhc above statements, a twa rneter square platc thh a quarter meter

._."__1nauapoic nwum d on ‘ﬁf was selected as a 1est vehle A frequency of 300 MHZ
o

more dif! f“ culi to l’oﬁ‘n a trlangular mesh .zhan itis to form a reclangular megh, Should'

hc dlrcc[t.d in ihat direction.

<

7 The radits of tﬁ'c wircs should bé sdch that the total surface area of the Wifes is twice'

waq chuseri a8 unc wave:length 15 equal tc nng:mmte at thls fruque.ncy Several

aﬁffcn.m u; :tmns wcm tncd to ﬁnd a @hable methad ot‘ mradellmg such : surfacm '

: v-. - "m

i 0 dm.rmmc thc nécessaty lﬁadms rsqumer.l fﬁ!‘ a square gnd @ grld 5izﬁ tzf 0 iSmg

R was thﬂ'{l‘.‘ .lmd wnzputatmns donc at differcnt w:re tadii, Figum 2 14 shows the
E f"resuh mr lwu r’idu. It was fnund that conwrgé:nce was achmved at a rad%us afabuut
- 0 0»,2711,‘ { [u, mme: expaﬁaqent wasrep_' : tzd fara gr;d size f:sf 0 lm. Rssults fur this
o '::. caw m s.huwn m ﬁgure 2 15 From th two gnﬁ sxzés :he de.ductwn was made ﬂml

surfacc sh.mld ncver be Iess than the modelled area. If the above smtement is true. '"

S hr: corrculy pmdxcted and the magmtuﬂe nf the m or Inbes w:ll be ::orrect. Major o

o




..;

'-c‘i

(:-(1}21; o R o .(2.-29? -_

wuh a thc wire radlus and d 1ha gnd size (d.stanca bctwwn two vo\;rcs)

‘1 u dcumnuc lhc. nccess:u-y gnd snze to use, a number caf computatxons were dona .

w.tth dll‘fercul g1 id snzes. Inall cases the radms wis chosesn using theformuia abevc.
Iﬂgurc 2 16 -,huws the results i‘or two gnd sxzes It was found that convargence v/as

ac.lncved at i gnd s:zc of {J lm' that IS, 10 wlres per wavalength

A wst on 1113 gnd su:a for a mangular gnd was a1$u dm*e.. The necassary wlre ra,dlus

is derxved m appendlx E F;gure 217 shows thw rasults In thxs rmse a wm: le,ngth of

t) Hm was fdund to ba 0pt1mum. Th:s result is compamd thb. the prr:vxous result

fur the rcchfngulm gmi in ﬁgure. 2118 mzd the rcsuits :tm nearly identlcal .

All cumpuhtum werc dQﬂB_ under 1hc assummun tliat th“é piatc was made fmm a:

- "-_'pufectly con’ﬂuclmg mnterﬁtr l“rgurc 2.19 sﬁows mccomparlson batwcmapeffcctly

.ul bc wen, .

o

° 'i im I'u.t -md nmst dxfﬁctﬂt te'st wab m cpmpam tlw pmd:cted msults m maasmedr

: w o _muha F&m 1s-~dnms m figures 2.20” m 2, 23 f@,r o mctangular mfimtely éondn:;tmg

(J
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2.8 Discussion -

| Ashort mtmducnonmto the Method of Momcms was given, chemﬂ.omputer c.odee '

o used by thc author were deacnbf:d
- To verify the Me'thbd of Mn_meht_s swcrai imp'édnné&-'ﬁudies onn d'ip'oIe were done.
dusmg NECZwuhanappiied' S

B Tﬁe -Beét cdnvergencé of ;h'c' irnpednﬁce Ida‘m wa
E-field Source modeL The smumns were wnhm # few percent of the f“mal soluuon' |
_ : : when abonz 20 segmenta pcr wnvelength were. used Ttiy concludcd i‘mm 1he ¥ de
R that cam me & bc taken when 1mped.mce calc.ulmmns arg madr: usm}, s the Me thod of._ L o -

i

4 A stud} m de:ermme !he neccsszuy gnd sﬁa(_mg and Wu‘e mdiua fur modellmg'_"*

- ‘smfaccs wuh wm: gﬂds wa&gqﬁﬁrmcd Fri‘am the siudy lt w'ts com.luded ‘hat there | _' L
a '_':'is o sllgniﬁsanr’ L}i‘fference berwcen fi rct.tfm;,ulﬁr nnd g trmngul.xr mesh Ir ean

S f“ﬁhemﬁmbﬂ conciudn@ha;a “*.’_" e gnd szze ofa htmd:adth ofa aqual‘tz wavdenj,ﬁl - Lo

g ,15 ada“ far radzation patter tudies. This comsponds m 4 wzm SLganI it..nuh

[ .

L Df“n ; o 2 waveigngth fora ractangui:zr gﬂ& Thf: mams ;Jf *:he ere musl be wch

| - -- S | tﬁa'g ﬁw total surfncf' nf ul! thc wimsamequnl to twica thc e.urface of‘ rhe pldte bemg o
R mmielled 'l‘hg‘g meams tﬂat rurarecmngular grid, tha radms must be I) 159 tm‘rea tho Lt

. '.."j -



 3RESULTS

| 311ntmduntlon o ST

| :Tﬁe results ohtamed in the mndclling ot’ a ship are gfven 1n this ch.!plu' Thxa ch.lpt:.r _ '
sh(:ws tbe typlcal results thnt anc wouid like to compute namely r'tdmnen pam,ms ' f |
R _'andcurrents. @ecausc uf thc gxasswe numbet of aegmcnta (modes) necded foratarge * |
_. . | 'structum such as g shxp‘ me study 1s startcd wnh a gra:uly sm:phf:ed mudel nnd the- o

L _madel is gradu'tlly mcreused m ccmpiﬂm*y

B VR 3zGeometrynfShlll S

The geametry of the shlpa:nnmdemd i this studz is given in 1“ gum % 1 I’h,aae nom e

thnt thls sth 15 nqttml}y & lmﬁﬁfmadel pf a 1ypxeal rmii s}np. bur the dnncnsmns waq N "-‘ _ | : E o

C choseﬁ sa thaz mcasurcmcms Lould be made in mz 'me::hnu. chamhu i‘lu: sf,.m. wa*e Co e

% ahﬂscn snch that a fmquapcyaf i Glfz represema & fregucm.y of 4 ﬁ MI lz in J\e !ii‘“

o

anten .; plarfmn and the vcmcnl plate rcpresenting the,,first Iuﬁhcr deck Tlfe modei .

s R .'{was dxs&nnse{i for. amnx:mum frequci’lr.'y of4 Q GH:: A tm,pl ﬁf 4(39 segmcnts are’%._f P 4

b i ___'_':jusedm xhls mndai & the shlp. ﬁnth 4 segmeuts uscd fm* each ummna repmsenmd :f '
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o Figure3.1 Gemﬂclryofihe l‘utl ah:p model nsedimhis ssudy, Lo o o

Fxgum“s 3.3 to 3 6 show the radlatnon pattarn ol‘ the rruddle tx\meﬁnn of‘ model A (wnh . I

(wxﬂﬁn’ﬁ dB}, but thf.: hackwnrd pauem xs nat so goad Thrs Wﬂh expecn.d as the.i'--_'. )
madei 1s nut very awumtc to th;; hack ’rhe pattarns ane bct{cr ﬁe Iu;,hcr chan nt.':

) tha Imver fm}ucnciﬁs This may jndsram timt thc (.um:nta zlrc mm‘z. umu:mmtu}_ S
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\ cioser tn ihe zmtennas zu ihe “iughe;; frequenmeﬂ 'I‘hxs is because zhx. stru:.tum ls_'- o

'L\i"

| -elwmmagnaxicly s& much lurgcr at hlgtﬁer frcquenms o e e

S _3 no r:thct‘ antcnna conncctatn compareﬁ tb mmummems. As cgnbe seen fmm the o

t’ gures. t!v:: comparlson o{' tha pat:cm m the forward scatter;\d nred is mlatwcly gaod_ﬁff Co L
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- A ﬂrawmg of‘ thes tlur]i modcl is slmwn m f“ gum 3 14 Thns model mz. 1 uiﬁ:‘; .111 leamms' .
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"'_-'the vemcal piams cnnnectcd m u. ’I’he mncicl was dnscmt:scti for a maxxmum
' quuency of 4.0 GH; A t@tal mf 1287 sagments am uSed in tlus nmdul for 1hc aiup,
Ny wuh 4 scgmems used fér Ihe antenna.
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3.6 I)i5cus_s'iun -

Ihc cumpumun of the cmnputtd p‘lti@l’l‘lb usmg the d:ri’urant modcls xs shown in

ﬁgure*; 3. 21 tu 3. 24 In thcse flgures it can he sccn that thcre are a very sxgmficant S -

dlfi‘;.rcucc huwccn thc pattt:ms oi" the first .md sucond model but a relatwe small. S e

- mi‘fercnce hctween the p'xtterns cf the second and thu‘d model

l.:'

R Ihe uhfzemumn um thus he made that the. cnrrants on ihf: radxaung platfonn ﬂow " o

.____"'m bc mndel!m! ;o gc:ra nahlc (csults. - ' .' '

u is puwxgk. t(; sec thm the t‘;umnls are lugheml the tdges t‘.if plates lhan pn reg:ons
m.xt m f:dg,u:. One wnuld expez,t n to bc th:s way 1!‘ anc thmks nt‘ tﬁe aSymptone
(lugh l'requcm,y} solutmu whlch c:;m hc mnde: m 1erms of edgc cun‘ems m: Edge 5 '_

P dtf fr‘lﬂlt(ﬂl is nl'm mnslderad 3 local cffcct, 80 1ht: currsnts tnust he iocal tmthe area

Anothcr nbsuwatmn Ihat G be. mad?‘c 1s xhat nhe msuit_s arg conslstent}y better at the

iu gh i'requcncy cud {4 GHz} {h:m at thc Iow, fmqu.c'ncly cnd (I GHz) s tha mesh is \

cu.ctrnmagmﬂ;;ly cvarser at hu,her fmqucncies, unc would a‘athq; expect that thc

vh.ctmmw;,m.u y nt highcr t'rcqucucxes, so tlmt thc simphf‘ caiﬂi‘ns made in ignﬂﬁng

P Y, TV A SSE- S AL i, LI -2
g :

‘hwlm nmm ;,cl wom'. asalhc {‘reqmncy incrc'isc. fi‘hs Strﬁctum is alsa iarggr _. : S
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R f urther wnrk

4 CONCLUSION -

- 4-.1-'Suln1.n_ary_:, -

i

| I'mm lhc lm,ramm s_tudy done, 1t hccame clear that vcry httla 1s pubhshed on how o

1 modz.l blg strucmres sm:h as ships. Af!.er mvcsugatmg dlfferent modelllng"-_'."

o techmqucs zt was dccxded io tUﬂhET !nvcsﬁgaw thc Mcthod of Mom@nts. P '

._ D:Lﬁ..rem Mcthad uf Momcms cndes were- 1an§ ngatcd usmg a resonant dipole.. The R

- 1csulls nf‘ tlus nwesugatlon rewlted in choosing thc NIZ‘.CZ compumr prOgram for.': DR A

o Ht.caum uf‘thr' med to modci surfaeps, and ﬂw un;wzulablliiy nf a reliab}a surfac;e o SR

k]

a par@h mdc. m nwcstlgmmn mto w:m gnd modelhng waq iaunch.eﬂ Thg..f.'g}]gwmg-

S r.unr.lum:m wcxc rcuched




e lnc wire r.ujms Bfarcctangulargnd mustbe(} 159umes the !Lngthnfthc wire
T e ng,tﬁull\ o o ' ' |

e _-’} hc wu‘é mhuq uf 3 mangular gnd must be 0 O9 nmes the length ﬂf ﬂlﬁ “’11'5 o

n’.‘_

S . ] :_.,hbbmbllh

An mvcwngmou m:o ;mtennas on a mmpla shxp was thcu Iau:zphed Thme d:ffereng .

mmp um (N‘]‘ng m"’d’““” of: i"‘”’ﬂﬁsﬂd cﬂﬂ‘iplwty Wﬂm bmlt. Cempfansons were . .

que wuhmcnsummcnts Tﬁe compmed p‘utcrns wcre nurmally Withm 1 19 3 dBu:.j;_.._;

:_:of zh& :masuﬂcd pattems

i S Nn um‘?ﬁ'lme xmp c:t:mputer{NECzj mnde{ could be builthr:uause 01:' & lmmnti;m on . B -
_' mmpmcr mcmnry and computa‘nonai powcr It iy :hus vazy dlfficult to dexm‘mine if _i B
3 __lhs ﬁ.w t{mrvpdnmcs betwmn measumd and prctlic{cd moﬂels are because parts of ” - o
..:hc \lup v.cu. massmg nr Sﬂmn other renSran B ecausc ot‘ lhe tl‘enwndons advances | . L
: bcamg ma{k, pre\cmly mcui‘hputer technalogy, =1[ m axpecaed thaz a cump!ete ship -

i -cemld lu, mndelled in, abgm ﬂvc Yﬁnrs TR

s

:.n"' .

a
s,

. ot ' :

434‘u?illi‘r\1*{)rk T




| '":-(fnr fmmch.} 1f s.t.: dcslrarf Tht."- nmennu w m;dﬂled by :ls patiam a!ona aﬂtj the

L ﬁ'_'i w.um m wnrlc at e fmquehcy w}kérc mﬂ mm'ty unknownf; appear in a Ma*.l;od cf

©etel), The m"a«;l is 'lnbdelled with wires 'of the comc:’diameteh The rest of the ship

w111 be mmlc.llcﬁ by an mﬁmtc, groundphnc, or 1hc mast is assumcd (0 be in free

o space. Wnrk on the modellmg of VHF dntennwi on opcn mas:s has prevxously been'- |

done althuugh ot for shlps.

=

4.2 2 'I‘lm use ul’ thc G‘cnmctrlcal Tlleur_v of Diffr actlon lo calculate
ﬂw patt(,rm nf UHF and mncrowaw, an tennas mounted on masts on :

.s{nps S

”I }u: ("1 l) um he used to calcuiutc the: pattem Jol' UI IF and mncmwave anwnnas.

mm: mcd rau clnscd maszs on shxps, Cioséd masts i mcant 10 appIy to musts that are:

| o hmit S an m pc(.sent a doscd area tn the amtenm or where fhc dimcnswns of the-
R nswuu,u\n"*d nmnbcrs is such ﬂmt tlwy can’ be mudcll;d by flay platas. In the cse of R
. t.inses.l masm, Hw mast m quuilud by ﬂht plates thdt mpmsd@:t the shape of ghe mast. j . |
!‘hc mt uf thL hbxp may bc modcl{cd bfr another st ot:plates wijh elllpuc cy'lmders ._. -

M‘-lcwnm lmd d;{fr'xcucn fmm tlm shlp s sxrue:tum ,am lakcn mtg ancaunt m :

" "*i’hc hyhrul mclsaod nppears to be abie m solvc a number nf pmble.ms fwhere cme "

._'1}




o izivx.sug,ulcd

: .'Momr:nt sulmmn and lhe G"'D is not yct valid Vcry lzttle cxpcnenca has baen _
' '--'ulmuucd yet i’ the, applic,mou of’ this techmquc and it' ls felt that a ll'-orough __

o -mvcs.ug,almn uf'thc mcthod is callcd for.

L 42«4:’1‘1115 1_:3'.?3 QE'-.-'paiéh;:s Ifr}r'-ghc modallingoflarge 'Sl}_rféi;es. S

PERLE

k] 'A ff.,w reaulta uf the use of patches for mndellmg Iarge surfnr:es were calcuiatetl. o

o 1(: fc{x ﬂmt ﬁll? mascms fur ghg lnck of accuracy in the msults should be mvestigatad. :

I Ncw mudcls* fc. patches"' o mcdel qurfaccs have h*cn found and shsuld be -

weau mm:h mare mhabie and au,umte way of modeilmg Iarge suri‘accs s the o

;ah}»ma} pmblcm 15 soived Lumctly, nnd m unphysmal currer\t dxsmbutmn is__ }_

CeEe T L

o _'1 hcse msul‘x do ﬂot camparc wcll thh measurements (and nm thns not s!howg) It E .

| hin fﬁ‘li nmt 1( ihc&pmblemsain liae p’ttch fmmuintmn havc been solved, i: should __ " R
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