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ABSTRACT
Pore and more elsctrcnic systams ar2 being added <wc Naval
ships. Many of these systems radiate Or reczive electrcmag-
netic (EM) ensray. They are all vital parts of a ship and
i#* is iapcrtant tha* cach functions properly if the ship is
tc accemplish I4s asscriment ¢f amissioas. Jcwevsr, it iz
tecomirg incr2asingly difficulz zo placs thas2 systems on
tocard a ship withcut <toeir ZM radia<icn intes-fering «ith
each cther. This thesis 2nalyzes +as EM design preblem. I+
concludes that a central clearing hous2 fcr elzc=rcmagnetic
informatics is needed which would maintain arn  up~-tc-~da+te

a
data tase cn elsctrcmagnetic prectlems and sclucionsz, <ch
shipktcaré¢ rferscnonel need <o be morz2 awars cf <*he EMC
Fzoblem, &nd suggests that more frequant updates c¢f wmcdsl

studies and military standards be mads.
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I. INTRODUCTION

m

c-

[

As Ltetter equipment is develcped, more and ac:

=

[12]

tronic systeps aze being deployed abpoard Navy surface shirs.
Many <¢f these systems require antsnnas that sadiaze o

3]

ceive electromagnetic (EN) energy. As <the rnumbezr of

€
eguirad antennas iacreases, placsnens Leccaes pzchlen

o

(9]
o

L
kecause ci the limi+ed amount of space availabls a ship,

1Y
L

the fact that a c¢ectain amount of isclazion is= T

M
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kstween *the anternnas and because other things must ke =

W

[= . N 1)
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[1e}
n
»

into accourn+t such as <he firing zoa= ©OI Wszpcn  SVsS

|.a
'n
+
1
Ww
t

Figures 1.1 and 1.2 frca [Ref. 1: p. 26 and 23] il
the megaitude of <the probler. Tae placaaent problsx 2

n
.
>

@s acuite Ch & carriers as on & typical Navali ccabatar=,
fac+t wcrse due tc the larger reguiremsrnts and tTtas fact =h
gcs= ¢f the d3ck must Le kept cleaz for a.rcra

The effects cf ¢lectromagne<i iaxtzrferzncs
ship's electronic systems can vary I
caticrs circui*t and cluttar cn a rad
disrupticn c¢f comunications, <firce
warfare (EW) systems [BRef. 23 p. 3].

Cirectives futr cut Dby *the Chisf ¢ Yaval Orpszaticas
(CNO) qgive guicance to design sngiazers oo approxina
shece tc put certais high prio:ity sSystsms arnt¢onas.
Unfortunately, communicaticns sys s
antennas are not considered high pri

The impcrtacnce cf communicaticns o an Zzdividua
the task grcup ccmmander, and the cthar commanders atcve &
cannct ke errhasized enough. As ¥z. Irving Gemzlist
rical editcr of Militacy Electronics/Countsrmeasus
ctserved:
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II. IBF SHIP AND ITS ENVIRONBEN

%]

&s technology advancsas, we are abla to produc
Eante thet will do ar ever increasing rfangs 90¢ things. 1ae
1390 's saw the itverzion of the wirsless, <zh aw
iaver<icn of radar, and the 1370's saw =he Navy star* tc use
satellites fcr ccmmuricazions.

I

Faca system, in it¢s own exclusive 2nvi-ozment, rerfcrmped
S Wwas expectad cf it when developed. dowev
ship, <hz many systems that havs bezn brou

necassity, ©must share =wae envi-onasant with ther systens.
“h2 topside of a Navy ship is a conglomsratica ¢f  wmany
sys<ems ircluding wesfpon systenms, navigazion systams, 2nd
comaulicaiicns systess <hrat radlate 3z <rCeczive eslectzciag-
nETiC (EM) =nsrgye. Electriomagnetic Compazzbpilix (ZxC)

2
thazefore, is bhecowizg an incrzasiag headachs fer zccrside
o

:sign €ngirteers as they Ttry to place an incrsasing numksT
-

gms i1n a limiz=ad amouaxt of space.

A. TBE ENVIEONMENT

The elsctrcoragnstic (ZM) erv_ronazgnt cf a shiz can
azZzsct +pe &abillity «¢f tas ship o properly perziccm  i=s
BL3S2ChLS. FEhysical danage can =c-esulz fzcm <he pcwer of
“ranssgizting systems such as radars and ccamunicaiicas
sguipment; crdacnca cax d2tonats, perscornnsl can be burcsd
and squigpgent cal burn out. Th2 parformance cf radir £quio~
geax caa te =ceduced due <0 noise which ccuid cause & false
target tc appears o1 a scIe2n Or squipaent to bs desensi=tized
tecause tzzgger xills or blankecs vwere used in an sffcrt +o

zeduce tte effect ¢f ncise. Tactical limizations can resu
if cerzain s2nscrs rust De <urned off or cperated wi<chin
2r

vary rarrcv liai*s ir or +2 avoid mutual iatsrac=tions.
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Theze are twc primary scuzces of clectromagnesic =r=ryy

waich can affect a ship:
1. Natural which includes terrsstrial (atmosgheric nois
and pracipitation staric) and extra-terrss+rial
(sclar and cospic noice)} sources and
2. Man-made (ejuipment emanatioas from 2wUectric tcecls o
radar and comsunicaticns systems) [Ref. 4: p. 1-7].
Cnly ths latter can te controliz2d py desiga.

Whten the slectroric syst=ms ¢ 3 sShip ars turns=d on, <Tae

ship
beccmes . a <time-varying  elsctromegnetic system as
goverred ry Maxwell's egqdactlosz, 2o agprox;mat;o:s fc:z
4 staxic cperazional 2nvirorazn< (Ref. 5: p. 57].
Tte ccmpcnents <¢£ a snip (prepulsioan systsms, =Tadzacs,
¥€3ipcns systems 3tcC), are usually dsvelopsé #ith no spscific

ship ir mind.

In _gsnerai, subsystem deszgn2
ardérs+tandiag ¢£ <The ovarall s
articulaz, acst subsystea i2
neir subsystem lapacts the phy
perfczzance caradilities o0 3 3

P. €7].

Althcughn EMI beceanpe a protlar wvwhzn i
tions squiprsn%t start:d cperating, it wa
frimary grotlem whern coampared <t iccoagl a a
Mors trarsmitters ané receivers were placzd 91 tcard ships
and, Lty the late 196G's, <ch= prcblza ha c i
ernough thet Flee+t opeza<ions nal <¢ <aks EXI in<2

For exazple, during the Viet Nam wa:z

In scme instances, it was staaxdard practice =c saut dcwr
certair search radars _and communications <=ransmitters
woen missile alert c¢onditiens ware sSet in <he Gulf of
Tonkin [Ref. 7: p. S51].

e T U
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E. TBE ECUIFMENT

1. ggemaynicaticrs Systeas

In 1899, Marconi dzmoastrztsd wirszless cczaunica-

tions to the U. S. Navy (Bef. 8: p. 41]. Sguirrest eas
installesd or thke USS New York, USS Massachusetts azd az =
a

£hore tatiea. Since <that +*ime, Navy ccaaunicaticas
requirements have iacrzased 4o <the poin* Wwherz 1¢cw  =zvsry
Navy <skip bas multipls <ccmmunicatisas <zsquireasnts o7

voice, data, and m=2ssage t-ansmissiorns.

Freguencies are allccat=d by <he 1In<ernztiocnal
Ieleccmaynications Union (ITU), waich 2allccaczes <as
frequency srectrum tc the ccuntriss of the werld., Ih2 U. S.
iz turr allccates fresquenciss for d=fferent usss, sucn as
amatuer bands, citizen's cadic, broadcasting, £ixed, 2z:Ic-
rauticel racio neviga<icn, land mobilz, metesorzolcgical aiis,
sat=2llites, and goveraasnt u=iliza-ion. Feomal allaeca~.cn

2lps *c avcid mutual interferencs.

I3

Navy ships uwtilize sewvaral diffzrent tands o2

frequencies dependirg on whsze a a

informazicn. Because atmoscharic 3tt?
c

sigaal) increases as freguency incrsass:s v "Cics
such as HBF (high frecuvency) ars used for iconger T3nge 2vsio-
the-hcrizen (OTH) ccmmunica<=ioss. Hiqhe: frzgqueaciszss sucr
as VHF (very higlk fregquency) aad UHF (uitria aign £-ejda:zaav)
are ussd <ZLcr shertar line-of-sigh= (LOS) coaayn.ca<ions.

Table I dsfines the 3t oi f£frequency bands ([R2f. 9: p.
1-2].

The higher +lke £frequency used th:s more daza ¢
transgitted rer charrsl 2as wider Dbarndwidcths ace possitls as
higher £f:equencies. For instance, tua<2 oaxdwiizh be:zwezn <wo
and ttrcse GHz Iis much wider than ths Dbandwijth bstwesn =wo
and threse "z Cata rates can be showWwh by Shanacn's law @

16
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C = 3.32 H log (1+ (5/W)), (Egn. 2.1
Wwhere C = the maximug number of bi+«s/seccrd;
H = tandwid<h; acd
S/N = signal tc noise razio,

The Navy uses satellizes (sat2llite usez i3 ccensid-
ezed 103) in order tc taks advantage of the higher frequancy

0]

tends, <cuch as UHF and sHF, erd <he higher data zaze

pcs3irlz at these frequencies. Sa<ellitss, however, ar

D

subject to malfuncticns and caznot be depended wupcn i

-

th

sartime situatiorns. Therefore, ships carry a variety o
ccmauricaticns equigment and agtennas in czder te us

il

i1}

several tands of frequencies at on2 time. Scae U3F aad VH

¥
m

frojuencies are utilized within a dbattle group sSc¢ zha<s Tl

I h

snips can ccmmunicate with each o<he: with a reducsi r©isk o
Eeing 3ctecrad by <the eneny. dF is used Icr lcage

discarcss cf several hundred mil=zs.
Crtimum ant2gnna .Lengths vary as it d2pends c¢r <as
frejueacy it 1is beirg used for. The lc

w
£r2quercy, *he lcager the aatenna lexgth. Tha2 lz3:ng*h cf =iae
ant2nna is caiculated by:

= ¢c/f, (E3qn. 2.2)

n
of ligh=; azj
u

lar frequency in
se

17




TABLE I
Prequency Designat:ions
Eapd 2a:igs
ELF (extremely lcw fregjuzacies) 30-3920 Hz
VIF (very low freguencles) 3-30 KHZ
LE ilcu,f:e uercies) 30-300 kHdz
MF (medium frequencies) «3=3 HYHZ
HE thigh frequeéncises) 3~30 “qz
VHF (vefy high frequencics) 30-300 #Hz
UHEF (ultTa aigh frzquencies 300-3000 MH=z
SHF isuger bigh freJueaciss) 3-30 GHz
EHF (extremely bigh "frequenciss) 30-300 GHz
{
JE— )
The ideal antsLna is 3 juaste-~wave var+ical
antenna. The EF spectrua is £-om 2-30 MH2 so ti Z MHz
|

&

frejuency requires an antenna 1¢3 Zee: In izng=h and

MHz frequency rTsquirss an @aica i3 8.2 fze= lecr
ace ¢

The 123 £+, antenna is <=c¢

O
- W
o
ty
Qo
[14]
ot
(o]
r
]
w
'—J
".
n
!
. "
QO
[\
' -
'—l
~3
oy
' ']

ship sc¢ *he Navy has adogpted 3 35 foot var=ic
aat=2nna as i%«s standard A4F an:tzzna. An<ennas fcr c¢=h
frequencies are of difZfsrert siz3s 2and spape., <=he  UAT
anterna 4N/WSC-3 is a 3dish type antarnaa, oSuT a2y alsc :zc
Flacement preblems on board a ship as, iI =a2y a&are ar LOS
kand antenra they gust have a:n uncbs=iruc=sd view 2f iss
apprcrriate target,

~

Z. Badazs

Radars have “wo primary fumctiozs, sur
tracking. A surveillance oI searich radar sear
¢cf space and repcerts the detecticn of targsts.

radar destermines the *ime history of a targe+*,
given the initial pcinting infcrmation in order
and lcck cn a tazget. The targ=s< wili then e

it is nc¢ lenger considered c¢f interest.

18




There are three types c¢f radars <tha+ dc ‘toma
surveillarce aand =rackircg:
1. A <track-~wlile-scan radar ccrrelates detec=ior r-szcTss
as +he radar ccntinuously scarns.
2. A track rada:r with search capability can ssa:c
vclume of space and detect 2 target. I2 2 ge
is made, the <rzdar canp a.n its antenaa cealk in whs

direction of the target. This type c¢f systar can
usually track cnly one target at a tinme.

3. Agils bear or inertialess beam stecsrirg has thke flex-
ikiiity tc schedule its search or track funcrticos irn
ary directicr as need=d. Its art2nnas ass  no=
censtrained tc retate at a f£ixad rate, hLence i< ca-
detect tracks anywheze in its detection veliuzme 3nc
stiil perform a survsillance fanctiorn.

Within tks abcvz mentionzd types oi radars ars 295
and 3L radars. & 3f radar measurss <arge< rangs, azizmuazs,
and elevaticr. A 2L radar m=asures targe<s rangs arndé cons

angle. Fcr example, a radar ta
is scmerimes called a heightfiader.
Thbere are twc apprcache
Selzctive Identification Friend/Idan .
(SIF/1EF) ané Space Cltiject Iden<ification (SOI). Ar
radar ssnds out a ccded serzes of pulses <thaz

transpendsr cn the targe:. Th2 target sends o y
(if frierdély) as tc target identificaziorn, <range &rd alzi-
tude. An air =reffic coasrol (ATC) radar is an =sxeample of
this systenm. An SCI system uses Wwhat .S Konowh as 2 sKin
zeturn. I« illuminates crbiting satellites a* a high dz=a
rate resultizg dio ar amplitude versus time aistcry of£ <ha
target. The reflected signal is analyzsd <o dstermine
target chkaracteristics such as size, shape and ‘ftuelii:

ratz.

19

——a T p——— . o 7 W . - -
- .- AN N

T @ ——

R e I




Radar frejuerncies are allccatad by thz Ipternatioral

Teleccmmunicatiors UOnion (ITU) to <+ae countries of <hs

world. kith its allccated radar fraquencies, <thsz U. S.

| contrels certain bands <for certazin purposes so that th2

| giffersnt radar ejuipment do not interfere with each cther.

These frequencies azxre specified ia cnapter 4 of {Ref. 10]
and zre listed in Tatls II .

Chagter 5 of {Ref. 10) ccatains <+he criteria foc
certzin scuipmernt claracteristics to ensure an acceptatle
degree <c¢f EMC among radar aad cther systems shazirg <hs
frequency sgpectrum. The criteria are combined with ¢psra-
tionel «requirements such as powar, sensitivis

(9]
-

ny
o
[ 9]
n
M

T
n
m
ot
§
B
m
-
M)
b
{7

repetiticr rate (PRR), pulsz dura<ion, pulse ri
range cf radio frequency emission <o specify =he c=quized

o

TABLE II
Radar Pregquency Bands

Eand Ezsgqurncy 2ange

VHF 137-144 MHzZ

216-225 MHz

UHF 420-4590 dHz

890-940 Mhz

L 1215-1400 MHz

S 2300~-2550 MHz

2740-3700 MHz

C 5255-5925 ¥Hz

x 8‘5-1007 GHZ

15.7-17.7 GHz

K 23-24.25 GHz

Ka 33.4-36 GHz

radar fregquencies. 1Then, depesnding on the uss of the p

o
(3]
t
'l

]

0
[ [
ts
1)
r

cular tadar systam (short, m2dium or lcrng range)
factors sust bs considerad.
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Atmcspheric attesnuation irer

S
increas2as due sainly to microwave abs
cxygder and water vapcr, sS icw ireguencies (VHF, UHF, =arnd
kands) are used for icany <ranye radars (distanc:zs gr
than 100 rautical miles) whi..e high f-2quencies are use
p=diva and short rance radaze, Me¢ium range Ttedars (5
nm) cperate in th2 S and C tasds while =shert range rad
(iess than 30 ng) use the X arnd K bands <¢f £frsquenciss

0
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Figure 2.1 Atmospheric Attenuation.

[Bef. 11: p. 14]. PFigure 2.1 frzom (Ref. 9: p. 28-26] shcws

the atmcspheric attervation ccefficieacs <£for severzl ccnaii-
tions as 2 function c¢f waveleng<h <£cz windew Zegicns ¢£ zhs

w
spectrul. As carn be 3ez3, <the +time 5I =kes y=ar wiil

1]
tn
th
“
(9]
3

the attenuation coefficient.
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C. CAUSES CF PROBLERS
1. [Eroadpand Noise
Ercacdband ncise is generated by <he shir rulil zal
¢cther structures near isigh powsz radiating sourcss =such as
HP ccmrunications transmit% ers. The noiss is charactsrized
ty interzitctent noise bursts (similar <o those genezatsd by
€lactrical storms) that can affect porticrs <f ths ccmmuni-
caticrs ard radar frequency spectrums. Brcacband ncise can
te gepezated by locse pecints cf contact at astallic jusc-
ne that are subjected to radic fresjuency (EF) <currazntz
from +rarsmittirg antennas. These cCuUIISnTsS €= Cause arcing
at the juncwion. Cther socurces of noise wzciude mezallic
cbjects wkich carry induced RF currants ari which rub or
tcuch =2ach cther interalitcerntly while arntznnas are zTa2ili-
ting. when the me*tallic objects mak2 and Dbrezk contacs,
spikes ¢f ncise are produced.
2. Irtezmodelaticr
It Zs important tc uaderstand a Lit=ls afoutr inmzr-
moduiaticr interference (INI) bscausas I <c¢can cause :
considerakle amcunt ¢f prcbisms. In<z2rmcdula%ticn intszsrfer-
ence can disrupt the cpecation of rsceivers i1 thrss waya:

1. If +«hs IAI amplitudes are higher <han waa® <h:
receivers can optimally haandliz ~he sensitivicv cf
the zsceiver willi be zeduced,

2. IFEI can mask cther communicazions signals 2f Zntezes=
ty being ¢a ¢r near *the fz2qusncy of =<hose sigrals,
and,

3. IMI «compcnents can be mistaken for true <signals
[Bef. 12: p. 209].

Intezmaodulaticn (IM) producss ace geasrated whsrn two

¢r mc¢re radic transgitters iaduce RF curreacs

linear jurctions in <the ship's

22
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as ccrrcded or rusty jcints ¢z bolts. This is comro2ly
called the f'rusty bclt® ef fect. Th: nocz-linear Junctocias
create IM rrcducts which are reradiated by the ship's szruc-
ture, <this prcduces undesired frequencies, some <¢£ which
intsrfere with signals tkhat the ship wishes to receivz.

I£ £f1 and £z are two fundam=atal £fregquenciss ¢tha*
are trarsmi+ted ty the ship, 4iatermodulaticrn oroducts will
ke generated which are sums and differeancss of in<egral

o
tultiples of the two fregquency sources. Tablz III shows the

TABLE III
Interaodulation Products

FRECUENCY PRODUCT CARDEE
£1 +/- £2 2
£1 4/~ 2£f2 3
221 +/~ £2 3
£1 4/~ 3£2 4
2£1 +/~ 2f£2 4
31 /- £2 4
£l /- 4£2 5
21 4/~ 3£2 )
E1 +/- <£2 5
41 +/- £2 S

£raquency ccmbinations possibtle Zor +tns firs=z
The type c¢f£ anon-linear junctions usualiy found 23
Froduce cdd-crderad harmonic preoducts taaz are much stzcngerx
than thecse ¢f even-crdered harmcnics.
The pumber of intarmodulazion Froducts increases as
produgt c¢rder and tlke number of =zra:ns
showr by Table IV frcm [Ref. 8: p. 44].
Even if different equipwm2nt operaze in 4i
fzequency kands cf the spectrum, IN produc=s could intc
tzcause harmonics UQfp tc the 60<h order have Deen detec:ed
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TAELE IV
Products for 1 to 10 Transaitters

NUMBER QF ODD-ORDER PRODUCTS

NO.
OF
TRANS- 3 5 7 9 " 1
MITTERS
1 1 1 1 1 1 1
2 5 10 14 18 2 26
3 19 51 9 163 43 139
4 4 180 476 996 1.504 2964
5 85 501 1765 4,645 10,165 19,605
6 146 1,182 5418 | 17,7118 45,530 104,910
7 yAj| 24N 14,407 57,799 180,775 474,215
8 A4 4,712 232 166,344 614,680 | 1.866.280
9 4839 8.361 74313 432073 | 1871845 | 6,539,625
10 670 14,002 143830 : 1030490 | 5188590 | 20,758.530
ith ¢nly 2 *t-ansmitters radiatinge AS “he prcduct crizcs
increase, the signal stzength dacreases. 2ut  if  <ths
trcduc= is as strong as & weak signal

a
Takle VvV is taken focm CINCPACFLT INSTRUCTION S4d7.1
cf 9 Jdune 1581 and lists s03e cr 3sae typical causss ¢f hall
gznarated I¥I.
L. EIAMELES OF EROBIEMS
This secticn 1lists some unclessiZied exazples c¢cf prcb-
iems Cue *c equirmer® interaction and dszs.g9n, soms c¢f whica
have tesen sclved.
4
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TABLE V
Typical Causes of INMI

|
R

acccmmcdaticon ladders gJarpage chu=es
antenre fedestals %rat;ngs
aracrec cable Randrzails
awning supports ) hcist catles
belayirg Elns {sicgpal jackstaiis
lag halyjards) B
bcat cradles laddiess | ) .
ccat qrirpes lite jacket helders
tclt=a flanges or panels l1iZ=lilaes . .
bcnidizg and_g:ouga;ng . lire zar=< ncliz2rs anid :
, g-raps (aetericrated) LacKks !
Jcecnms {refueling ard cargc) masts . 1
caktle clamps radar wavsguiie Zlanges {
cakicets £i3g1ag i t
CanGfy SUEPOr<:s Tusty Oz cerzadsd teizs
chain safety links 2asZi screws !
ccnduit SCcutti2s |
ccver platas srhacklas H
cranses stanchlons [
davits. . stozagds racks aad tins !
dissinailar ae*al Zcints SWiVEess {
dcezs | taCxis {
irainiipes | transmissicn linzs i
exparsicr joints -uznbicki=s ;
ferro-magnétic hardwar2 Waveguides !
in ar<enna systsms waz2Ii wasndown Iys<=sa:s :
flagstalics Wil2 @BESh £oViITsST i
ficg nczzles yazdasa rails ani i
roctropss |
e
1. 7Tte AN/SPS-10 radar, whica opsrates in =wTtasz C fan?,
causes in<erfsrence in HF <zCeceivecs, The Zinzezie:-

v €
ence had the chazac+e=ristic 3ound ¢ <he BU/SE
(€25-65C pulse Cepat 1

i<ion Iate (PaR)) in zhé
tc 28 4Hz rcange, (Ref. 8: p. 46].

2. £Emanations frcm +the 4k 68 jurn <f£izfe ccniIci Iysisw

(GECS) of tlke AN/SEG-53 =zadar bouncsd of€f oI
associazed +cpside structure wnich actzd =zg arn

vrzansmitting artenna, and =c-scadiated «hs ceman

a
¢f the GFCS masking incoming low-level commucnicac<i

signals, [(Ref. 8: p. 46].
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3. The AN/SES-37,43 radar <causes interference <=c¢

o
)

D

gaicrity cf *tcpside 21lzctzenic racelivers. Thsz

Y]
~J
noN
- &
(¥

"
O

seriss cadar gensrates broadpband ensrgy via

]
(2]

disctarge occur-ing Ia ei<he:r <he antennz Iscmary
jein<= and/or locss astellic —tzms ¢ the rzdaz's mai:z
team. Arc-tyge 2nergy is detsect:d on reczivszs cper-
ating abcve 3.5 GHz. The 43 tadar opsratss a* 225
MEz. On a+t lzast one ship, easrgy foocm the 2-€ MHz
HF transmitting ac%sara caussd IM creducts o D2

crrcduecad off cf nearby £lignt deck flcecd ligacs.
when the AN/SES-43 rada:z was cpe:ate; in excsiss o

130 kw, =<he <cmana*ions coabiz

(b

v
tic¢ns <o cause arcing Ia all tns j

c
lights and flcecd 1igh= s<ctuctuzzs,
o}

zadazs azd a3ll UJHZ? communicsa=ions, s
AN/SEC=-20,~21 arnd AN/WSC-3, «ca:x

c
-a-gjst detecticrn 2nd =rackirg,

and pravernt effectiv
{Eef. 13: p. E-141.
5. Mutual igz=ecfezence <fzcm muliip

[
Wn
o
m
m

L1 8}
(9}
5
th

c
zadars can cause seli dJaami:z “C Wwe2rons c¢cer+ezol
systers, [Bef. 8: p. 8-16].

6. DPulsed

trenic surveillancse measures/:=l
ccyntermsasures (ESM/ECY) sys*t=2ms, (Raf.
8-19 3.

7. Lipk 11 tzzansmissicns z2ad the AN/S2C-9 (¥k 66) =svsten
have tesn shown to degradz thas AN/SPN-35'c abilizy to
prcvide a stabilizsd prscision approach Zor 1ia
aizcratt, [Ref. 13: p. 8-22].

8. The AN/SPS-37,-43 air seazch ra

i a
alare saut d¢wrs on AN/SPN-41 2lsvation tTZaansmit=:ics,

w - R T S T
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lcss cf 31id: siope display ducing Au=ocmated Carzosc
Lerding Systec (aACLS) opsraticns by pilots, znd
Sgckin inwerrarence on <the AN/SPN-43 Marshalling
radar disrlay scepe pravanting proper ds*tectict and
cecnmzel of aijrerar (Ref. 13: p. 8-24].

P
9. Wlken a radar is pcinting Tcwasd
a

apergy is reflected frca tha £l TO0 & target
whico ra2turns to =<he radar systza as 31 £zlse “aryset
id the directicz of the obstructicen sc *het the cp=r-
&TCr sees tW(¢ targsets ¢n hls displilay, crly cre ¢
wbich is r=zal, {Ref. 8: p. 47].

1C. Cn scme ships <=hz AN/SES-1J -adar Is Iccated cr fhe
aftsr mascz. T¢ sse fccwerd it Las =¢ lcck <hrcugh
several c¢bs+tructiozns. Alsc, *wC ccamunicaszichns
aptenras ¢n e€izher sids oI =wne zacdar Ln-erfez:z Wizh
its cperazticn, [Ref. 8: p. 48].

11. TteTte have Deen Cases where

cperate indegendently (out of censzel), [Ref. 2: p.
33.

Tte abcve wezs zeccrisd examplas of =M pococrlems. whils
mCst ¢f them did not seen <¢ b= 1ife tarsizening, they cculil
affzct *he «conbat ca;ab;l;ty Of & =hipe. rigure 2.2 Z:cn
(Bef. 5: p. 62] is fzoa an azzicla o2n ccaba< capabilizy

[1}]
W
t
t
(¥
[ ]
L
§
—
=)
[
177}
ot
by
(1))

assesspernt, Th

electromacnetic exvirsnment degrc

a

cf an acguisiticn radar by as much a3 20 R

{(TGO) was specified as +he eariisst <im2 to detect a given
tionh  is assumed.

target and a 50 % rprobabilis ci acgquis:
Th2 dark right hand curve shows th: radar's afilizv ¢ =rack
in free space and the do+xted line depicts ths degrafed caga-
Eility. The change due -0 the EM environmen=t is calcula<zed

“c te atcurt a 20 % diffesczence.

)
~
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Pigure 2.2 EM® Environment EBffect on Acquisition Sadac.
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IIT. TOPSIDE DEIIGN

Ttis «clapter becins with an overview c¢f <tie desigr
grocess fcr *he ropside configuratior of a surface stig.

4. TBE LCESIGN PHASE

Eefcre a ship is tuile, there must b2 & nzed £zr iz, ziae

Nevy canrct acbitrarily ask for a ship withour a specific

Threat
JCS~JSPD
Strategy
SECDEF-Defense Guidance
REQUIREMENT
CNO~POM
PROGRAMS

Figure 3.1 Planning Phase cf +he PPBS.

Furpcsa2. This first step is illus*tzated in figure 3.1 ard
tegirs when the Joint Chiefs ¢f Staff (JCS) issue tThe Joint
Strategic Planaing D¢cument (JSPD) which

vides the advice of the JCS to <he Presiden= “he
ation 1 Security, and the SecIezaTy of Def:nse (3EcD:F)
OL the lllz‘arx sStrategy and forcg sStructurg reguired ¢
attain the na lonal =ecur1fy oo;=c:1vec cf <+the Upi=+ed
States [Ref. 14: . A-11],
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The SECLCEF later issues “he Defease Guidance, a Zdccumen=
which prcvides tte guidelines +hit wgust be <cbserved Ly <he
JCS, *te Military spartasnts and Defense Agencizz in +h
formulaticn of force st-uc*tures azd +thz Five Ysar Defenssz
Flan (FYCF), especially with ra2spect to iscal ccostraines.
This guidance is based upon the JSPD, as amended, to ra2fliecet

Gecisicres rade Lty the President ¢r <hcse made ty SECDEF.
Along with the cther services, the Navy submits its F-cgram
Cbjsctivss Memorandum (POM) which =xpresses <thz VNavy's
requirements in <eras of fozIce structur:, manpcwer, dawerial
and ccsts to  satiefy @il assigned =cespeasibiliziss  end

functions duzing the period ¢f <the FYDP.
1. C¥Q Lsyzl Rlarrni:z

Af+2r considering *the Navy's -sgiaiZzmexts cver <ias
FYD?2, <=a2 Calief =»f Naval Operations (CNO) matchzss ais assezs
to the reguicements by zssigniag sgacific

b
Flazicras (ship, subgmerines «nd aircrarz). I€ i+ is 3i

isccv~
ered that a rew platfcrx is ngsded, i.2. a ship, <ae ini«ial
design vrccess begins. <The wmission and rcequirzements Zco the

a
desired ship are defined aand an 9dparaticazal Regquiren
¢r a EKeguired Operaticpal Capahilizty (ROC) is issued.
4 feasibility study is 3one o istecmine <if 2 ship
can te Jdesigred <that will mzet the OR/ROC arnd ¢
raints such as size, cost, maaning 2zd ozap
study alsc iden*ifies =ae major tschaical ris
with ai+ecpative dasigns and providss <he bisis £or s=st=ing
2 d2sign tc cost target.
Nex< a coaceptual design is done <o  3develcp a
Ccncegptual PBaseline (CBL) Pacgage waich ia3cludes des
aticrale, weight estimates, wsapons =juipment list, manning
list, =<lsc+roaics stace, gensral arcangemen=s drawings and

topside arrangaments among its 16 arzas c¢f coverage. A
draft Tcp Level Recuirement (TLR) s ancthes ccerncaptual
30
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desigr prcduct

and defines the operational <zequizzr3a=ts of
the ship tc k2 produced, the ship's amiszicn, corfigiusa<ion
constrairts, o»arning limicatiocons,

concerts, and mirimur cparational steniacds.

I+ _¢efines what tke user (QFNAV) _expec=s <Izcr <“hs
-c¢duct. as ottaired from <the pidiucer, ~ns Navai
ater:ial Ccmmand (NAVMAT) {Ref. 15: p.66].

This ccrresgends te kleek 1 cf figuze 3.2 £-2a [Bef. 15: p.
€6].

Sefirement of th2 TLR occcucs turcugh 2an ltsrativs
grocess invclvaing OFNAY, T
(NAVSEA)

standing ¢f thse rsquicements, =zhaz th2y can bs zsz,

NAVMAT and “he Naval Sez Sys-=se

Commard tC €nsyre€ <Tnat thsce is a ci222 undaz-

the shipr «can te fzoduc2d wizh
resources ir a timely z@an2r (block 2 oi
Ccnceptazl design is £90liowzl Ly =as rvrzlzulizscy
desigr whcse objectives are :

1. tc achieve a complst2 saginseziag

d i
integra=ed ship system such =zhat <th2 btasic snlp size
c

and definiticn will 2o+ ¢haage Juring coomIozcet
design;
2. *=c &achieve 2 functional Jefini-ico 0f ixv:zraced

suksystems selectzd <fcer op=mizatior oI =ozal
rerformance and cost;;

3. EFzcvide a techrnical baselin:s callesd a

(FBL) for the Deienss S

and Seview Ccurncil (DSAR

Easeline

(@]
N
(2]
[ ]
ko]
3]
O

[1]

cs
4. <c assur: definizion oI <tha ship =<0 <he iz
22

rsquired for a Class C cost esti
guality estimate);
for c¢h

5. t¢c seisct final design critscia

m
[} ]
1]
0
o+
1
H
[
n
ct
(W)
a
n

such as rois:z and ship protecszion coasis<ter= Wizh
ccst and perfcrmance cpitimization oZ <he +ctal ship;
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CNO
Mission
Requirenments

NAVSEA/NAVELEX
onvert Msn Req'ts
o Performance &
Technical Req'ts 2

NAVSEA/NAVELZX

Equirment
Selection 3

NAVSEA

Topside Design

]

NAVSEA
F'opside Antenna

VSEA
SDM/ SHAPM
aluation
7

Develop
Tradeoff3/

Compromises{*:©'roblems
] Exist

Sucé%ssful
Design

Figure 3.2 E¥M Systess Portion of the Ship Design Process.
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6. *c ccnfirm the dasign-to-cost goal, ani;
7. wvalijatior of selected stbsyst=ms (Ref. 16: p. 29].
2. NAVSEA L:sv2l flagrcing
Tte Top level Specification (TLS) (blcck 2 =Z figure
3.2) iz é&an cu<ptr cf tae prelimirary desigr and states what
NAVSEA as <ie ccgnizarnt preducsr (fc- HAVHAT), interds to
frovicde as a soluticr to OPNAV,
Cnce <+he preizmirary design is aggrovsd, i+ is
transla*ed into & cozntractual package and pu= out tc pid.
3. NAVELZX Iapu:
Althcugh NAVSEA is +ths Tasponsiblsz producer
(designer and marageyr) L£or NAVMAT for +«he c¢verall shigp, =as
X

Icnics Systems Ccamand (NAVELE

for <+he interiscsrs of <+he communications, =2isctronics ccun-
tarmeasurses (ECH) ard in-elligencs spaces as w21l as tne
asscclated ant2nnas.

CNC documents such as the ILR or tha OPNAV aggpzcved
Ship Charac*eris<ics will s*ta<%z specificeliy =ack aa*=znxna
that will be used by sarZacs and air searzch -adars, aaviga-
+iorn, ECM, <arge* iliuminaziosn/=rackiag, dentlficazicn
£xiend ¢z fce (IFF) and so on. These antennas carn te sreci-
£2i2d tecause they are the lates+ gznaration availanonis. I:
an a2n*szana is in the =rcesearch and dsvelopmen*t (RED) ptase,
that iz <+aken into accouat ani its anticipa=ed 3pacs aad

weight are allotted ¢3i <he shipboard mateczial

tcpside design aralysis sc that the
(block 3 of

The selectior of communicaticas zquipmen= is mad2 by

when it teccmes available.

NAVELEX utilizing guidance from dccumsats such as NWF (Naval
Wwarfare Fublication) 11-1, "“"Charactsristices and Capelkilities
cf 0SS \Navy Combatant Ships™ aaxd NWP (Navali wazfarce

Fublica<ticn) 4, “Basic Opsracional Communica%:ons Dcc=zrine".
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4 ship*s missior areas ace <valuated and ths aggco-

priate ccrmunication systea needed to sSupport saca 2r;e: is
1N
-

ssl=acted. & circuit analysis is d9one tTc ca%tegsozize <ac
circuit as to usage, frequezcy cangz, tranznitsrcceive,
enmission mode, sisplex/dupiax and <S¢ Cr. I a2aédi*icn,
circuits are locked at in <verms ¢cf dhich resd Jdedicz<zed

€quirpgert aré which gsight be 2dl:s wo snare sguipmsn=. QGnce
the rzeded circuits bnave beern es+tebiishad, =quipment such as
tun21rs, rpatching eguigment, antennas, multicouplers, <:Ian-
smitters anc receivers are chosen to satisiy tae cizcuix
rsquiremerts aaxd plock 3 of fijure 3.2 is ccm
prepares a preliminary topsids cernfigusaticr comple=e with
the gplacegent ¢f radar systems apd forwards

for the-r recommendaticns on tas placemant 9

antsrnas (bleck 4 of figure 3.2).

After NAVELEX determinss tie <CODBDULIC
meat taat will Dbe used, the Nevii Oc=an Systeme Cel=ar
(NOSC) in San [iegc, Californiz or Chu Asscc:ia
Csjor, Califorria is tasked with opuilding & 1/45-h =scals
Erass model of the prcposed ship fzom tne watizlize 1p basa?d
cs Mcléed Oifset Drawings £cr actual au i
Ccmpartment and Access (C6A) Drawings IZcor actuyzl supérs=iuc-
tuss ccafiguratica. All st-uctures th c2
electronagnatic (EM) erviroamsnt in <the higa f-:zguency (HP)
spectrum are¢ aodeled.

Cuzing the <c¢costoucstion ¢f =az
peericg judgement is used to s2lect f2a
communjcaticts ant=2pras using greliminery NAVSE -cgsiis
drawings.

Wkes the brass mcdel has been completsd, <tae zctual
rlacement of proadband HF antennas is starttéed. The pzccess
invclves aeasurirg artenna imp24ance <0 estatliisn adhererncs

to asscciated eguipment requirzments. dhen az a
éesigr is achieved, actual impedancs ma=ching ceapornzan
ke calculated for actual ship inpszallation.
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These tests are done cn a model rarnge wi+h ~he Liszss

model claced ou a rotatable 20-foct diamster platter cagpacle
¢ci simula<ting different sea statses. based on ts3st €
ments, ctanges ir antenna location caa be made
¢2 the topsids structure of the model. Event
cprtimtn artemnna placegent arrangemsnt amay ke o
Acccrdirg tc [Ref. 17: p.40)] brass modaiirg

will acccmmodate ary degre¢ of suparstructuse dsgtall
4ithout a CCrres pond;ng incrsase in tihie  CC3Y . Of
conglsz x*ty of wmeasuring the_ pezformance of irngdividual
anternas Also, oncé a dsiteziled brass model is i:
invens czy the mcdel mesasurgment apprcech is a guick,
rzliatle and accurats mears of gatezmliaing tha lanact o
prcgcsed alteratiors <o the ship <tcpsidée stzucturs c:
anterna arrangement
Cnce a medel has been ouilt, cther bzrsfi=s can b=

€
achieved including verificaticn of wsapc
zones, acceptability c¢f radar locations a
radius, petsntial radiazicn hazazds (RADHAZ
identificaticn cf intermodulaticn intacfar
lems., AD electromagrnetic ccmpatibilizy (EXC
te dcpne if proposed communicaticns eguipments ars k
ijentify required intersystem isola<tiza.
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arrangerents (blccks 4 and S of figure 3.2). At +his gci:zt,
tbe placemert 5f¢ veapen systzms, <he loca*icn arné L2Im 9o
s-acks, *le quan*ity ané structure ¢f the masts, &tC., Ccan
stiil te chengsed by KavsEa.

Scde of the things that NAVSEA nmus*t keep Ir al
whan dcir¢ & <opside artanna arraagemsnt (block 5 ¢f figu
3.2) ars

1. wearcn systers lccaticrs and <h: resulizarnt firine cu=
S

dl

cut zcae
2. r1adar antenna placement
3. fprcrulsicn exlaust s=zacks
4. TACAN 3ad ctasr z2ircraft celat:d systens
5. mwmast and yzrdarm configuratiorLs

6. Jeck Louse lacatiors

7. <cazgc rardiizc equipmern ladders, 1ifelines, arnid
stanchicrns
3. HF and UH® trarsrit arnd secsziva antsnna lccasicns
3, ESY artennas
10. wczking 2ones which must be kept <clear such zs
aircraft <cakecff and 1lzndiags, roat hazzdiing zrnd
reérlerishrens
Th2 antenna placements nust 1e nec2g3azy EMC =tan-
dards cf ZIMI, radlaticn aazards <o parzscrnnzl and ¢r-dnancs
(HERC), eiectomagietic pulse (Z¥?), =l2ciromague=ic &nviccn-
)

¥en* (EME), and slszctrromagnezic vulnezabdbility (EMV
cf figure 3.2) .

The various YAVSEA functional codes (Spacifica*zcns
¢oordina*ior, nuli, stip, aad combaz sys+ems) and 2 T=cC
additicrn, an EMC task g-oup @znager (TGM) (see P

rom [Ref. 18 p. £6) ), wcrk together utilizing “cadacis
studies tc determirs <topsida corfigurat.cns <hat ccme
closect tc mestirg the specifiied raquizeasntsz.
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te prcpcsed arrangemern=z oI realloczting srcacse,
v

rl'upuly Commander
[For Combat Systems

Technical
Cuidance NAVSEA EM
Proqram Coordinator
Coordination J
[Ship Design|
+  Manager
b

XXX r XXX
TSM TCM
) ]
" Task Task " Task
" Leaders Leaders Leaders
L S

€ 3.3 NAVSEA Orgapizational Structure.

rnatives, 2lcng with =he -isks and deficiencies
rent configuratiorns acsz givsn =c <he Ship Cesigrn
») {block 7 of figure 3,2)or Ship Acguisition
ragaT  (SHAPHY), who has the cprerocgative of

powerz to acaieve a cer=ain pericomarnce le
choics <¢£f corfigurazion Dbecomes <the Eas
Crauing. I« is ra
ary changes dusz <+¢

jofe) 3 corncerni
ize and zarniag. Othar system cemmarnds such as
ir Systsgps Command (NAVAIR) arnd NAVELEX eizther
in tlke cezfiguration Cefin2aents, mainly =aIouga
gn Informatioz Zxchange TITeam (TDIET nestings,

advised of the impacts on 4thsirt cesieciive
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fevised

ccniigqura%ticr CIez€wlnis

are passeé cut ¢ cdodes for assesso
0 NAVAIR

fcr ccnazerts.

c a2 a S
tor irnpu=* ircratt operations and o NAVELEY
1 bo}

al

w

al drawings
a

documenzazicn that ic used fcr ship acqguisitionn (bicck 9 of
figure 3.2). Fatuze <Tsvisions o¢r chaages during ship-
tuildirg ¢r modernization suck as ECP's (enginz=zring changa
Fropcsalis) are reflacted on these firalized drawings as zizy
cccur.
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I7. PROBLIM ABEAS IN IHE DESIGN RHASE

Ncw that the design prccess has been reviawed, 301&
froblem areas will be¢ discussaed.

Presernt CNO directives give priority <o vizsually a.l
systeps kut communications. While it ig ¢true zhat ceoamuni-
caticrs as such areé not a main mission of a ship whan
compared to anti-air warfare (AAW), anti-sutmarinz warfare
(ASW), <¢r anti-surface warfare (ASUW), a ccmmander cannus
perform his command and control fuac+icn wi<zhcur gropar
communicaticns suppozt.

Tke majcr prcblen ir placing communica%inns antvsznsas on
a ship 4dis ths 1limited amount of rsa gstate that can pe
used. Cr land, a Naval Communicazions Stazion (NAVCCHUMSIA)
could have its receiving and transmitting antsnnas s93
by miles ¢f£ land. A Navy ship does not have such £
Flaces nust Dbe found amid the cther ship illunmin

arated
s€dcn 50
tnrs and
¢cbstructions to place communications antennas in a 1l9as<t
ccmpremisine area,

There appear to te no limits of degrada%ticn spe
te

an otdect 1= placed somewhsre in +the beam pmittern ¢f an
illuminator. A general 1limit of so many d4s:grees fz¢m <the
gain keam or other pcint of departurs is used bus i+ is not

always clear Lf this limiz wias choser on the safe side cr if
< is a critical 1imit. A few degress may not mat<ar t¢ the
actual cteam pattern of an illuminatcr but i+ cculd have 2
sajor impact on where the illuminator or an objecs such as
an antenna may ke placed. As an oxamplse, 4Z a radar has a
specified cleararce ¢f 40 degrees on either side of its main
teanm ktut the best that can be found is a place wi<h 38 er 39
degree¢s cf clearance, 4aither a new si<e mus: be found or a
ccmprcemise agreed on. Mr. Visvaldis Mangulis, who conduc=ed
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syster analyses of the AEGIS comba+t systea including
computer simulation c¢f radar blcckage by shifg's supers<ruc-
tuze alcard the CG-47, CSGN, CGN-9, and CGN=-42, suggssts
that

During_  ship design. one may have +to¢o decide berweer
saveral fire conticl radar Configurations in which ¢ne
or mcre of the radars are blocked. . Consequently, i+t is
necessarg to deve%cp 9ethcds by which the” blockage car
be graded [Ref. 19: p.77].

Fricr *c a brass mcdel being buil%, i% appeazs +ha+ a
ship's tcpside configuration has already Leea s

NAVSEA such that the cnly thing that can be doazs by NAVELZX
is +c place <ths <ccmmunications antannas arouad ther as
NAVELEX's trass model study is done wusing <the inizial
topsice ccnfiguratior done by NAVSEA. Howevar, szveral
iteratiocns may =ake place tefore a final d2sign is agrssd
upon as ir klocks 4-7 of figure 3.2, the NAVSEA desiga tean
¢r the SCM/SHAPM can move elemants around such as p:cpulsién
stacks, wesatrcns launchecs and ladders. Therefore, +tke £firnal
topsicde Cssign <could vary mackedly Zrom the configuratica
usad for the model study. Al+hougt calculated impacts may
=2 decre, cne 2f£ the reasons fcz the brass modzl study is its
history cf fairly accurate mesasuremencs.

Brass wmcdel studies mecdel the 1lead ship o¢f a class.
These studiss are not usually zedcn2 i only so callsd ziro:
topside changes are gad2 or plana=d. This is especially
t-us swhen follow=-on ships c¢f a new class get minor changes
gads tc tlen. It is hard to believe tha% every shir iIn 1
pazticular class has a topside configuratisc s¢ close *to
that ¢f the lead ship that follow on model studies ars no%
required.

The SHAPY/SDM dces not have to use any of the recem-
mended torside cecnfigurations given to hinm. Though s¢ much
effort was expended on careful <tradsoffs and cempromisas
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into the présent Jdesign, it may be changed =5 suit sczssns's
idea ¢f wha+t the ship should look like.

The TDIET meotirgs are an imporzant arena in which %o
discues r[fossiblz prcklems. Dasigr <tsams frem different
. NAVSEA grcups (such as hull, machinery, weapons, and ccmktat
systems) and NAVELEX (reprosentiag <+he intelligence, <CY,
and ccoourications systems) try %o dstermine if all systsms
are [placed compatikly. If a possible «conflict arizes
tetween two syszems, tha systsm with the higher pricrity
will usually win out. This may no<% always be th2 tkzst way
to sclve things . Some 9f *hs ccpflicts should be investi-
gated tc determire tle extent of <+he problem before a fiznal
decisicr is made.

Thouglt fignre 3.2 shows *hec general steps +taken In <he

t1 10 check cf:

“opside design fprocess, nzre appears ¢ bs

n

list c¢r fcrmal agreewsunt cn how zthiigs get deae. Whatzver
is done is accep+ted as ‘"standaré practice". This may werk
as lcrg as theres are people a2t NAVSEA and NAVE

zany years ¢f <experieance but what will ha
leave? Accordirg to LCr. R. L2opold [Ref. 20
1951 +o 1922 <+he Bursau c¢f Ships (BUSHIRS) (fr
evolved NAVSEA) hired 250 engineers f£zom 58 unive
zany ¢f wher are in lsading positions with NAVSEA. 1In 1977,
NAVSEC (the ship design ara which ma2-ged into NAVSEA in
1979) could only hire 25 Engin2exrs in Training (EITs).

Theze seems +o0 ke @& de-emphasis on in-houss technical
worx with 72% of the work bz2ing con+tracted out in 1978-79
(Ref. 21: p. 105]. The in-houss peoples have had tc¢ manage
the cutside contractcrs as well as do thsir own techrnicail
work with the result being that cnly about 10% of the wcrk
done in-hcuse was of a technical naturs. There nmay te no
probles [preseatly If experienced pszople are docing <the
ganaging, but how will the new pecple who are coming in each
year, as small as their numbars are, gaia techrical
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expsrtise with s¢ much c©2acCsnTrazion 3n ¢u<wsti: ¢
and +be¢ @maragement cI ict. Thers will soon oe

competant NAVSEA managers who pesssess tha tecnnical
end expsrience required of tcday's managscs. Cenz

the Navy's abili+ty =c design ships, Mo-. @Wililiza H.
¢f CDI Marire Co. stated tha=
In 197C, wien tae déesign thkat became +he PIG-T7 wa
beigg ccneidzred, the Navy ir-nouse ship ézzigr
zatién bpad not _designed a Surfacs comoazan<
y23rs. TIte s gl- FacKkage £IoCUlzm2DLT LITCISE wa
vary auch in que an -oa ations Wwers r<sing
g:ccu:e <te 1=w pf DY tae same procass ([Ref.
063.
Mr. HAundley was 3actirg Chief Naval Azciai=ect 2+ ==
Went ¢n rcC say
After 10_ years of Flsst syppors =Snjineering a:n
tozing <f designs tsing perform=d OZ otiaer zJenci
was ticeming Very agpa:en: tha~ uxless <Ihz"ctcoc
precsss was cha“ ¢d” and_ <he Navy's scipz o a
la~-hcuse agairn the shrp design <capabilizty =< =
wculd t¢ *aplaiy lcszt,
¥ilitary S<azdards (MIL STD's) nesed guicker
frequern< up 3da+tirg 1in certain areas. [Bef. 23:
states that the MII-STD-461A Characteristics 2eg
for Equipment revisicn was star<=d in May 1970,

be cusz
It
for Jesliay

versicn was scheduled *o 2S5 Jaa 1978,

7 1y2 ycazs ¢f revisicna.
1680.
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Gevsrnmert Furnished 2guvipmeat (GF3) versus Centrzczos
Furnishzd GEguipment (CFZ) couid Lte a problem as <hs
gecntractcr scaetimes has the latitude of selecting equirment
cther than GFE. This may lead to fuazure EMI grcklsesgs i
sainterarce is Jdifficult c¢:r =2quipmen< malfuncticns and
spares are not availatle.

Acccrding to [Ref, 23: p. 2-12] <here 1S no ong scuzcs

a

that Pkas all the EMI data or GFE, it is scattersed thrcughcu=
activities. Or the P-18 aircraft program, da<z cn th2 N
gajor GPE's had to be collectsd frem 7 Navy <s3chnicz2l ac=iv-
itias. Valuabls tine can be was:t2d t-yin

facility has wha+ daza. The long it zax
needed infcrma<ticn, the loager it will be beferz prcduczivs

WOLk can te staried.
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V. EEGBLEMS CCCUSBING AFTER THE START OF OPEBATICNS

In spite of zh
¢ping the tcpside des

can easily acise afte

9 P

.qurazion <cf a shig, ©pretrl
o) placsé iIn cg=
r

tion. Mcst cf these frobuicams 2 design tut <
lack ¢f kncwledge on <ke pa
ccmanuricaticrs ard radar sys+tzis.

Cre source o€ IM problsms 3arcises Izcn tae *rast lefs
decks. 1Ttizgs such as soda czas a:c
havoc when +sansmittizg systesps a
when the ship i1s operating ¢ 1ess than ideal ssa s
wzather ccndiziorns. FReflecticens cff of moving cbjects, s
as zclliirg scda cans, can cause false or isacc
Cn receiving sysztems.

Maintenance, oI tae licx £ i+, is
probleas. Fersonnel assignsd =o o  <h
+he krzightest ¢£ gzepls end their atti<ude =0
assigned chcres may =CT &€1h&nc2 & SnLD
kility. If cereful acni<cring 1s rno+t dene, zvern
well-intanticned effcrt a3y aave 10 posizive effsz
examrls, cne ship *raczd 1ts prooiléea %o “he =opsi
Zyster. Ar inspecticn sh
antenna *o ke in very go
shorting wizas had bee £
Yain+epance perscnneli did no=< *hink <the shc
par- c¢f tle anterna syste

Scme equipment, <especially <thos2 With EMI  shield

[N

aside *he case, are held tcgsther wizth a iarge rumber
W a

Scrzws, ften when main=enaiaca2 or a z=epair acticn is 4§
cn =te [fisce of eguipment, not z2ll o0f the fasterers
replaced.

uy

€MS
Ia-
c a

of =<h:z varicus

of
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the practice of fastening only one oI twc T#&taineIs T o

accy ¢r drawer, or of tightehing only one ¢r <Wc SCIsws

to_held a side or tack papei, v _invariably r=suls Ir

a 1l¢ss cf effective EMI shleidlng both frem wi<hlin, aad

intc, the equipment {Ref. 13: p. 5-“,.

Whken a skip tas swhat it <thinks is an EMC-relatzd prcohlizam
that ship's company cannot solve, assistance can bs scyjh~

C

from the tyre ccmmander (TYCCM) or a nsarby mobiie zechn:
ucri+ /3C1D) . This can be done on as infermzl a pasis «s=s

ow

teisptcre call. If «h2 scurce o =<he proktlem Is fcurg,
rzcommendaticas are gade <0 *ke ship on hcw bast +o prces:a,

If a piece of egquipment is r=2commsrnded to ke I&g
Gefactive via a casvalty reccrt (CASRZET), <+he =hip
ake th=2 initiative 1in sending out *ae @meszags, Heow
accozding <=c persczonel asscciatad with <the wazezZircns

ctive acticr prcgram (WCAP) at MOTU £ loca=<ezd iz 3Zan
gc, Califcrnia, scme commanding ofZicers ars reluc=ar:t =0
send cu* CASREPT=s wurless the saip cannot furncticn ¢ocp=nly
withcut *he piece ¢f squipmenr. 1Ia contrasz, 21 €
shaft c¢r tciler were 3defective and <+he ship could new cazzv
cur its assigned misecions, these protlsas wculd be
Euzt, if a icce ¢f communicazion =sguipaent wers onxlvy
gartially dzfective 2nd +he ship couid still carry cu* i=zg
rcimary wnissions, +trie communica*icons 3Juipment would nes 3=
resported.

The feeling appe€ars to Le that if everytniag ta&™ was
defective was reported via a CASRiPT, <a ¢
+hat it wculd lcck bad for the sahip. This aprpeazs =c¢ %2 the
rsason that some ccmmanding fficecs tzy =c nize
rumber cf CASREPTIs s&nrt out, As a rasui*, some piscaes of
equipmernt mwmay pever fuactlior preoperiy because *hsy <c:zver
Isceive the apprcpriate attention given a CASEEPT.

Additicral equipment that was 1ot taksn into acccurnt foc
during the design phase iz orften added tc <he shir Z¢r sheres
fezicés ¢£f time. Thkis cculd cause IMI prcblems que <o

45




v e~

Tsflecticrs cff of the added z=gquipment cr degradaticn in
a

exlisting systams due to blockages caus2d ty the

ejuifpsert.
When a ship is designed, it is done with just a gerszal
glan ir gind. Desigrers are far removed fror <ae pIrccess

which Jdetermines which skip serves in the Atlantic or
Facific area. Depending on which coast a ship is homzpor+ed
tc, different external pieces of gear may be addied.

Fcr exanple, ships serving cn thsz Atlantic ccast make
dzplcymsnt tcurs tc the Meditzsrranean areae. Oce cf ~<he
requirecents when ia a2 delitzrrapnean port is to hang strizgs
¢f lign*ts from the bcw up the mas< and dcwr to the stera of
tha skbigp. These are calied Maed 1ights arnd ars pu= up conrly
wh2a in pozt and taken down when the ship lsaves oIz,

o

Cucing <ke <ime a ship s in porzt the strings of ¥iras used
for the FEC ligh*s cen cause proktlems fer a ship's ccmpuni-
caticps systens. As thsy are in efiszce nother ertérnna

a ’
tnzy can reradiac<e transmissiorns th2 ship may senid cu= and
ray irterfe-e #ith tle origizal tranzmissicos.

When Marines arCe embarked on amphibicus shipgs, +they
tave thsix cwa ccamunicatinns rCequiremsrn=s. Scme*i
tos< ship will rot Pave snough assets to cover +he Marine
regquirements 350 the Marinss ask <for permission t¢ add <heir
cwa gear tc that of tke ship's. Whzn perdissio

quipmer=<
y of

=}
"
n
(3}
]

from thz aprropriate authority, UHF and VHF €
added t: that of the ship's axisting iaven<cr
I+ is not hard tc conceiva of th

(1

possible prcbieams <+h
cccur.

Ercadtard communicatioa an*ernnas are modzlsd pricz o
ins<al.aticn on toard ships but, as changes are rade
ship superstructere, the data obtainzd frcm +he moae
is ac 1lcnger valid for placing the ant2anas.

Poz a variety c¢f reasons, individual ships have ac% been
modelsé¢ cn a rsgular pasis. Classaes of ships have fkezn

46




- e~

€ is b
t propcsed | S
wnich ar=s ROt e
he &21d recsult that <%h
(Ref. 28: p. W3]

model that
iea or
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In additicn, changss can be mads o a design wi<thou
a

knowledge. The follcwiag examplss illustrate T
rature ¢£ the prcebler.

1. A EG ¢lass stip (Lh-s ship is 30 longer in
was mciified Ly somsernz wio tacugh it wcu
mere streamlired if ths «hoip antenrna in fren
prcpulsica stack was <o tilc back sligh<tly
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4: pe.

stacK. Tohe dssign cnang< work:d as long as the siip
was In forward mc+iorn bu+t preblems cccusrzed when sthe
ship was at a s=andstill. Ther <+he hLct exhaus<
zisizg from the stack would 2eat *he anterna *2 teup-
zraturss over 500 degrszes causing brezkags. The
prcolem was solved by ¢going back t¢ *he c¢rigiral
desicn.

-t e -




[

R & 2y

Or cruisers of the Leany Class, (CG 16 TCc cw4); =ar
Truxtun Class, (CGN 35); and *he Califcrniz Class
(CGN 36-37), Lcw mounted discone antennas wer: ;izcad
ir such a pecsition that they obstructsd <h: Zczwarl
missile launcher, [Ref. 25: p. 3].

The USS EFaintridge, (CGN 25), was <fitzted with &
redestal-nounted receivirg aant=nna which was direc<i
lccated in frent of its forward missile laancasr,
[Bef. 25: p. 3].

The Eelknap Class cruisass (CG 26 =¢c 34), w
with a trussed~whip antenna on the Zfarnvall ctiat
viciated the <clear space <rCeguirement ot
gun lccated aft of the helsc deck, [Bef. 25: p. 3]
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The e€ever increasing magnituds of <the EMI pIctlenm
T

és that if we are %o hLave a proparly functicrnirg ship
fu

fco +te fleet, we pust f£ird <he nds to éc wha<ever is
a

lecesszaly toO ensur< an ervizenman= In @dhich deplcyed
€JUip¥ent C&D ofp4rate as they wers intanied.

3
Funds are needed fer an all-cacompassing EMI  Jata base
t u

+c stcre arnc upcate EMC relata2d problaas. Time wcull be

savad ky many activities in being abi2 toc ratrieve infcrga-

ticn frco the o¢rne data pase. JAVSEA already has a SEMCIP

data case of raported fleer EMI problams so an 2@xparsicn cf

that is a pcssibiliey. With other EUI infccmaticn, sich asz
c

T n GIE, adced tc i+, the SEMACIZ daza base could b
ci2 stcp clearing house of EM information. Hewevez, Zurding
W a
a

21 te needed tc¢ expand +the 2azta base, keep it up =c dcats,
zd t- make the information more r=adily available tc ac=iv-
itize clc¢ser Tc the flset such as <he H4OTUs and dNaval

shipyards. Sincs many cf the proslems wculd ke of 3 clagsi-
fied ia%*vre, it may ke rnecassary to estaonlish 3 Smail secure
re«vork, pcssibly wusing the proposed Defensz Data Nstwcerk
{(CON), tha< would crable the MOTUs <rc=ady access 24 hours a
dzy *c the M data,

Fvdget limitatiors have prevented updates =0 spec;fica—
t2ons. 1These updates are important because CUCISL*t Cnes acs
cuyt cf date [Ref. 26: p. 2~-4]. A< presen+, acquisi::cn
P223g€xs cannot cZely ca <he mili-ary standards <c adeguately
centrcel F%I design cn nevw procuceas3nt Fundiag is rneeded
k da%e.

o LS. g
9t3 tr uypdate mili*ary standaris and ksep thszm up +
“cst ¢cf <+he protlems tha* occur 3f<e: T
tu- .- ~culd prctaoly be solvad by Tralaning and educarticn.
NAVSEA s leading t¢the way with prcgrams 1like SZiCIF &
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trainirg i=s a never e1d1ng pIcCass =hat
up on. It should ircludzs everyocnz o
iadividual can have a detrimentel =2£:Z:2
systeps ¢f *the ship without beiag cornscisu
funds must ke provided =sc that sll personn2l Wwill receive
the proper training.

Additiopal funds foz studizs oI possikle prctles areas
which are identified at <he TZI3T nsating
c

s culd bs gads “c
gsovide actual daza cn Wwhick o pase Ja2cisions. AT =xawgls
¢f =his is *thz study done on <the USS long each (CGN-9),
wh2re NAVSEA <Tecently <=asked Johans Hopkins Universizy
Applied Ehysics Lat <o assess ~<ize iazerfsrsnce ffects cf
*th2 AN/SRC-16 fan ap<enna with z2ach ¢rf tie subsysteas cf -=he
AN/SEG-5S5E radar. This ship wes ssliected <Zfor the s=udy
feacause it was urdergcing an ¢ I 2.

Erass mcdel stadies shoul
initial cesign 2rd tc 2valuate Lz=il chung
ccnfiquraticn. This would help sasuz3s 6IMC zZeguic
teinc pet.

As has Ltesn shown sariier, <ths cmanations from ceomguni-
caticrs systems can sericusly iifect otheI systems &nd v.ca
versa, therzfore it is iampor+tant <ha: commuanice=-iers b=z
trzated 25 a systen as

irstead ¢£ Dbeing Zust add=sd on
Therefcre use
studies shculd

W

¢f the knowledg=s gairned

ai

NAVELEX/¥CSC =2arlier ir the desigr ph
=

(o
o

expanied. is

inicial ccaofiyuraticr is used for & ) =3
communicaticns antenpas could be better integratsd intc <hs
piaceNert prccsss

Fcllicwing the <rscommendaticas of Ar. Yaggulis in
[Ref. 19], =wmethcds to grade all “ypss «<f rejar tlockagse
should te develogad. The bleckage criteria could <hen givs
design engineszz a Let+«er idea of how <thas placagzr+ of

syste€gs izpacts ¢n the operational capabili-y cf 3 systen.
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Since the <£final design depezds on the SHAPX/ZUA, ae
should Lé& trought into the prccess zarlier s¢ Tha=s  «ren
recongended configurations are fozwardsd, <was likelizccl of
apprcval will bs enhanced. This should alsc nelp sraed up

*h ¢esicn process Lty raduciag <cthe number of i<zra~ichns
aftar the SHAPM receives the Cesul4.

A greatsr emrhasis shculd be put oa in-hcus
zaining nesded <o zccomplish i+ while kocwledgezpls
Ferscrnsl ars still in gove

A checkctf list

Inielt serl

should ke deve

...

vi
°P

€
n is lefr cut ¢£ the decisicn pr

Lagp n.
<o)
[
[a)]
L] .n

27], suggests <*nat

tc NAVSZEA 06 anprovai

foN)

Pricr cf 2 tcpside design/an<=zannz
irraaggment fer New Censtructic:, Convers_Cas,  z2nd
Adodecziizaticas of surs ace _ships as Teccam<nled oy
VAVELEX/NCQu, a2 rCeview of Toeé Ifsccmiended  gs&idTm
éshca Z¢) Tz ccpducted by bo=h NAVSEA Ccds 61 (Comkis
Systenms E”g¢ue=r qg Group and NAVSzZA Cods 64 _ (Suzzfzcs
Warfece Sjystens Ioup). This a@eTaod wcuad ceralz
jisccvery_ cf pgrential iag*ada**O' Prcbiens sazliy o =nd
pctentielly reduce cost aid scneduls smpac=ts.
Faving stis checkoff list signed oy <hs nead of each zzcuar
wCould €nsur: that grcups vwhose systens aze lnvelvsad 1o <hz
tepside cerniiguraticrn of & ship weull Dpe awars o0 sach =z2o
¢ the design prccess. Hoparully, bet=er system inwsractior
T iCusr ccsts should be 2 mpajer Zaesuit.
Urfcrturzately, £CT auch <¢an bz doze arour <+h: lias-ed
amount c¢f scace <o bcari a snio. It is, howsvez, fcssiiis

to 2i%nsr lcwer <he z1aquir

giviag up an ASd Oor AAW cap3aosility oI, if <a

inf2asitle, <o expect to build szhips zhat arzs
i1 length tc acccemmodate the ra2yuiszd systeas.
GFE =shcull be <cpecified in 21l szips ia oris:c o

giaianiz:z future EMI problems. As az

a
s*rict ccrtrel ccatractors might 52 appropriaze.
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Tegradatioa caused by the placsaeat cf

ra s3gulicnsz=

ex*
ca  chigs after +they have becoms operaticnal sacu:? be
ziniwnizad. Beczuss so manly ships may have such sguitiga~

addzéd to <thei:z topside decks, <%t a3y behoove <he dssigen

g
(42
(6]
t1

€ngineers «¢ consider *he possibility and zo zlliow stac
addisicreal] tempcrary equipmen* In an arsa thaz #will gav

- € tTae<

least impac<s t¢ <the present ccnfiguratiorn.
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