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SLUCiTON 1. ZNTRHO)UCM1LON-FINDINGS AND0 CONCLUSIOJNS

A. INTRODULCTION

Tile S~anta Fe Corporation has undcirtakon a conceptual and atialyt~ictl.

study of thle utility of &ipcid in tuhtrn aparntion~it, to invtcldo tile rinks

aqsiociato.d with not achi.vving an nPjiroprinto iipood and the political implicationm

of opoed i.n rwvcil warfare.

Three rmpscifici tneks weret

1. Conduct it conceptual analytical titudy of the utility of ripeed in

navatl oporartiorw, specificailly to includo trannit, mwinativort searc~h,

purnuit, amonpo and cionvoy operations; tho antilyaij to cover tha

full rani~o of available mpoedsi for currant. and futuire ship and

aircraft types, including hydrofail crtift, surface affect shipsi,

and SWATHi ihips.

2. F'rc,.., th im ritltyn.in in Tank 1, docummit the raLicunnle of the fnoed

for upeed itt the vari oti ricival. funct ionn Fitudivnd.

3 t. Ou-rmintI thot: init tp(wtd rancwv whc rm it f tiru ra p1trii fniI , extntivnL a r

nonnx tmit , ump] uyingi tLIGII 01jacidi could I tierc'nm the afoftivetIvnusn

at r~tir nnival. operntiotin.

Thu fil tid I ttqu and votta1mitlionn whti cht fllow provid dit wirmmry of thu ci tucly

rZmiitl tt :ii a.. n.l vC10 cil In4 folILowcaC by ;inut i.-arerc'irwom~ Lo tho dootlio. d anal-

ynii rinin whichi i t witi 1a 1 voci.

had: nit i1 antitali it A li rat:ionun in f0or tHIC nVEed for mtipeed (P~iik 2) aind

thtr tipond rLiitcjIo wherulti tut~urv ph at tfotirm nt coul itirrewt, f~utmiof tarc~t Iv;

non! (Tan k 3). SeciouLni TI ditno nervit 101 fin (IMICU~LivoL uittionairy for thli rc'e.Ioi



whosa interout is primarily in broad illumination of the utilLty of increasod

apoodn of naval vehicloc, of tho gunural an~alyti.- approach uticd in the atudy, and

of the relationihip of this affort to tho overall Advanced Nava.l VohWcles Concepts

Evaluation (ANVCE) Program.

Soctions III through VIII provide the analytical dotailn of the utility of

spaed in each of the vehicle functions listed in Task l.* The figures and tables

(incorporated in each of the referenced soction9) 1.lluntratti tho functional

rolationships and potential trade-otfn between vehient spoeed and the othor puram-

eteor of vehicle capability.

The Appandix (Voluma II) eontaiinta the detanls of esnumed geometry, mathoern-

tical derivation of the rmquainrnu unoci in the analysmis, and the asneciatced Calcu-

lations.

*Dur I .ng the sutiidy, t-hI. vrh It Ilu rt I Ii on or "'vncapt-' w i. i] c I c:nI ly divirid, I Ito
Wo MU UbflluL Lc lul C-!IC,'j- ! hy coiiiltor'artLtoick a•ld ct,, t t•, 1 iVo li( I. ',iii I cih(!ri. a

onaly].yzecl I r EI-CIIONS; V I AIjAC K AN I COUNTIIRAITI'TACK, ir V , I ANM:UV.I AND

AVOCJ r)ANCI:.

1-2



IK. FINDINGS AND CONC1LUSION',

General

I. Incroaued speed capability enhances the optionn of a naval vahicle

for force) to choosa the tLime and circuinatanca of engagement as well as the-

option of avoiding cngagcmeant, (ppVI-9, 12, 17, 231 VII-5 through 0, VIII-8

through 13)

2. In most naval vhiehcil functions, offorts to Incroaso offctivonoms

will involve consideration of d'anign trnad-offs of vehlclo speed with other

paramoters, ouch as surveillance capabilities and wenpon ranges. (pp IV-20

through 2.6; V-3.0, 20, 221 VI-14, 23, 261 VII-9, 13 through 17; VIXI-1O through

13)

3. However, offoctivanens in a given total mission gonetally incorporates

several of the vehicle functions (e.g., an escort vohicle must be offactive in

convoy, scarci,, ptirsuit, attack and counterattack, and manouver and avoidance)

Zncroavdd spuel c!apability can bontrlbutto to afroctIvah.:,in in all "of the func-

tionti invwlvod. Improvementi, in otbhr paranoters may not. The utility of

aped in thI j contcxt i| judcement~al in nature nnd should bu connidrod au such.

4. In cr I n;e or confront t Ion nitnat I ot01, I tWroa,0t Vd nvavi vVhII I r peuds

may We e•unotitlal for effoctivonenti, for doterrence, or for political roasons.

(pp I1-35, 36)

Trirn~u It-

5. Incro•ncd vhicl'o t:rnn!-Jt spoed can roduc•: forco I nvel requlircv'iontt

for an operation roquiring continuuunly maintaining an given nutnLnar of" vehtlclvs

"on Pitat ion" at. any appr'eclable ci tn twitn fr-u ii in ,arw. The importriri- moanurn

is the product of tirunsit ulpeod and tota] endluranco' (pp) ]1-7 throuyPh 91 II.-5)

1-3



6. Current diulplactimont uhirin and wide-bodied jut aircraft comnbine speed

and operating coats (per ton hour) to pro% ido officlont tranliporteition of

cargoes of approprinto value. From a puroly economic point of v~iaw, thil!

in not true of currecntly opocratincj ndvnnceod naval vehicltes. Emerging doxiijils,

such as tho largjo SES, inny be COMp~arotIVOlY officciati in Lilt ruujpvct. (pp 11-121

111-16, 19, 22, 24)

7. Transport of mnilitary cnrgn itivolvan aiddithinnal cotistelraitinnji of

military worth which can far exceed bauic dollar costs and can be a highly time

4~4Vdependent function. These are, hownvcor, subject~ive judcjrnintiu which are ,iconario

dependent. (pp 11-1O1 TtT-9)

~1 ~0. 1For sustainad logintic oupport. (irintonanco or ai pipelino or good),

incerasing vehicle speed operates to reduce the number of IpL~tornis roquirod to

maintain a given rate of flow. Tho Im~portant measures arc: (1) the product of

bpeIed anmd capacity, and (2) the landln9/unioadiiU robel. F~or a qiven sipecd-

capacity proem~t, th>ý:e ara piroferred ioncling/u.Iuwjain,, r-aLemn. (Pp TI- 141

111-27, 26)

9. Put urv !;ubmamrItliv thy-nootu. dir totv muchi hicilicr minvoy jipeoin, h culrrr'nt

limit ril convoy iipoed in thle Inax (mute Lopcm of onivort-r cordcirt tng ctentininunu

acousti vi noarchi. Aiivatimd inaval votdc(lo5t' vienpl oy.1ngj iiprJrilt (or r ly i iej) ci ri f~t

tact:4 un, con preVi dr- offouti.1 y prc tilc tAori at. lluc~h hi rflir iprodn. (1)1 11-17~j

!V-20)

101. Optimumm .ioutit it ti~crch njieed~. (10 to 20 knot.ti) cirr .inlakilocjtl l "I npi.v

highji npeod si.~a I~ p. Iiii (til flyiI ny) .Iri l V li k-II v11c t. d . achielvc 1InC'11

1-4



"* higher offective ooeach apciode. An important parremtar in the da|ign of nuch

vehicles is the "virtual speod" which in the detuction rango while drifting

divided by the drift time required, Sprint speed to virtual .pnoed ration

grantor than about 1.2 have low payoff, Thus, higher sprint spoods will be

morn ofeoctive if accompniitod by incrtannd dotectinn ranges and reduced drift

times. (pp 11-20-23 1 V-O, 10, 20, 22)

.Putnsui_ t

11. Effective purnuit speeds are 1,5 to 3,0 or more timer the speed of the

purmuce. Therefor:n, pursuit by like vWNhiW1en in limited in effectivanon. Pur-

suit of high spuod submarlnes by displacoment nhipa In similarly limited, even if

the problem of effective acouutic search npoed can be solved. (pp 1i-251 VI-9,

12, 14)

* ,. -12. Ma,.n tho purauit nn.nt;ion ulmn•,Lta in attack, there in a direct

trade-off .wqen I-creaoled nKfoctivu weapotn rpnc'o anr' incroeand purnuit speed

ra t j on, l~onj•er wu;tpon raozigo In pvor frah b1 to higher speed whcn thn time with-

in which tha at:ta=ck tnunt be consulmated lo short. (pp 11-261 VI-14)

At~t ach aerd vounterat.tnek

23. lncro'isInr Yvehicle spundcr provydvu addJtincal optionh in attack and

countormttnc:k. 'hnua opti-onn allow the tactical c:umnandei to conraicder othMr

factorui, much an, the expected military value of th" outcom,. (11-27 through 29;

VII-4 throuvh g)

14. In putuntinI utlt'IlUuktcrntlLuat tack Hiitluati.olin , tharu aru duu;nign Lraile-

offii bntwnun Vohicli o••:d anid thL c:aapchi l itivo of nuurveilliantmo and weapon uye-

tomi., (pp VI1-4 t.hrouqlh 9, 13 through 17)

i~..
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15. 14h10n 1,1 !mc iI 1 1t.i!; ct fittI iu-ii~i i It rm niat jit I, I llar( 1 i t ti t I V it 111 jA p r-

suea c~af accomplis~h by manaouvor, unloaer No homi lipocd ardviuintinc. if# hownvar, tho

pursuucr ties only Inirtccrmittont Informcation and tho purnuao havt at lonijt: equal infor-

mation, tho purr~oeu can use the '"blindu pccrodn Lo manacuvccr to itiuroeato theare

of uncorta1in~ty And in iromo c. uu 6ifiapit. (pp 11-31.1 VIII-3)

10, Whenm pirtcuor and purnucro havic rompmiarcblo informnatlccc, roilntiVe WcOApon

capabilithiv, an waill Itip ~roltivv' ipoodfl, dot 'rmintn the optionui and potontial.

*17. Tho utility of irpoodc in maineuversi to avoid dcctoctiton by n omarrhcor

(or iruarcir ytiytcit) cdcpcmcrc (ii~ n the naturv of tho nurarch (barrior, arca) and

tho chvirmctzorintics or thu motlrch cysLenm (rontlmnio'us~, .intcrnii H o-ntI aiitivcj

passnive). (pp 11-11, 321 V111-4 through 7)

1.Incroacund verhicle npood call contrihut~o t~o Oice ability to mannuver

to eaccapm tho lath~i area of at~tillkinci wontirro. Sitic~nac ,,ciali'tf- t-ir-1~c

requires hi.l! m.nnuvLrabi lity at. high spiepad.'. (pp 11-331 V11T~-111i)

Pol lIcaI lcp.1c.tIn r

19J. 11111 it. ti.11t p(,I I tii,,1j I h-iricr t !i of I iw-i ,wi fill~ui t I tic or u.c-. wkva I vch cIii utin

are intanybic hianrtd not. cli ruct~ly (pairmLi f.iabluI, t hey at, rI' ito . A navy With

hi.9hrr upuc'uln Call (40ttii1Cii the( tirliarrlr (if t heic Ithild Stitv alvn ,d coit lf11,011 to

dlactrrvii, -ci. 1'xarnpluan .1ae1 ichidtic fit, ial owlinq

* 1 11( iVaii I c.ar (if )(i li. ) [ti t, 1 11cr ft ficnt~ lo~ii tr ci ii I II( swunltuct

* Ifrucct iviricar tic cu 1)Ic njninici caqmi elimcivtei U.S. mi:tt~cier tci

* 'Ii ci( i Lena to 1' anid 1I c It i i t ltlll1 vl %'fll[' Or hicc'I i Vlvwrnil all "tilt' 13Lnt."

I - G



e Timeliaioss of rapponne t~o diftanters.

a Technology trannotr with thio privatco sactor.

(pp 11-35 thro~ug~h 38)

Tho tnaxt section contaiho the rationctlo for apood and tho oxecutiven um-

mary.
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BI~CTION II. itA'TIONAt.I FOR 811:t1-3

A. ?NTRObIICTION

I1. Gonoral obuorvationra

Thoro aire na~val functions and scenarios whorei ittcrocimd vahiclo 14pood producion

suibstantial payoff. Any continui~ng itic'iion which munt be porfor, ci at grant d1ic-

tancon from bajucn (a.g., horrior o~wrcationn tit key clicko potifito) requires thatL

same portion of the force be involvedi in trannil: to and front tcin hcirior. Increau-

ing trannit upood capability rodcuccH tho tirannit Lima and1 (cluponding oni tlta cfact.

on total endiurance) may apc'rnat to redcuce tho porcetALagn. of Lhem force in Colon-

p~roductive) trinn~iil. Saiid anoithc'r waiy, inorcaric'c trann iit. sapcmuri can dccr-auto tHa

number )fl platfornip n'o~cntay to C201iClI:IC the operatioti.

As Oino might expct,~ therer nru alsoa uiubuLatmctial iflcrnficmn ItI mionion utility

by COMnbihing speedi increaseni with 1iiprcivenitintii tromn Chhinjorl An nihor Mcvy parn-

Inotern An 1c-xftnlpj~n in that of! a iiavAl vchi clu ciiurnul nfri n 0.'cicn wIif-h ciin I mi- 1A

problem. Thu probn.AliLy oft dotec~ti.ri Itr tartjcit In imnprovemd by InrronnIfili thcm

diMioct ron rnnqjo nif itti nwi1nintorr siililii tiirokiutji itlriiri.cn ]ii itt; nrhieuic width. I t

yenn nIi n br. improvr~c] hy Ir'I- iviiiij Fiipnou (wh ich r'dn cut-1it I.h awl],t- in thin

area of po~ricmm Iii o t cncI~I l:,i I. cii) CoiiILi iniilif~ii )1 bot pft duc~t. coluiiil i-

arably grcin irk I nvi-vinnc'it in iiouct ci- tci probihilil ly.

liuwvuv r , I iii'rcl icrv no iic fri r c' rŽ,qn in mdc'icurA i aind/or- opucratnw Al c i''. whi Ichi

iin.-PwrcInni tiilod haul tI -I le or( no kit I 3 it y, Coniiiuido , For vXmucii r., ac vohit.Iiluiiic

convoy cupct-.n imol Ill Illo facnc. oft n lthrt~at rowritm 11( u (i f' hi hlroai occanim nncrvci-i laticin

oyotc'ii witlh a neacr roal I iiiu claita lhink Ill wtIimiiiJiii t ariniwd with talc2Lit-ni ballliF-

tic inii]ijilo~n. If thv ni'u eu havi, ci reinqi c':uji~ilull fy %ii mnnvoraci Iiiiicricdu imi~u,

tho Itnrv~it. Ili wionuni..I ally iii f fcili cit) Icc ivicy jii'iii-1 Mollt qo'lwnumi ly , ifincio'linoc

dcitut on -dnlrjnuMill Ioniej--1rmliqcV nIMI~ii W0.t1nicili;i rill C1110~ uulCIc'I Will gctIjCcinI- Y y VCII>-



come A ncrer'nud rc~vvd uni thut cit Nr -Jo

There in somaC finite limit on the total military utility which ona can roa-

kionably den~eqn into it given nnvnl vchlicle an~d thum, ak queution of how much of

the "Packagu" should ho nllottud to opocci. There arc, tharefore, sovaral traed-

offs between speod and ot~hor kciy performniace~ paramotors (such no survaillanca

and search capabilitloar woapon rantne~, accuIrvicy and lethiality) and various

endur~ance fntairtoi) , Many of theaci trado-offrA occur over dnfinablc' portinant

speed rangen.,

An undarntanding of the utility of vehicla opoodse in naval functions must

also include cecisiduration of vehicle mierilorin which cant beo xpected to combine

uavoral of the basic naval. funct~ionn dtnnly-oad.

Por oxiunJle, conniftr an escart vehicle, Thit total minibion may includo

mconrchincj whi Ili! orieoaing, puroiuit of contact,,, and attack andr co-ntortittrck,

and oxpoditious ruturn to convoy atation, Vlew.'nq the vehicle in each functilon

in inoliktion moty gjiv., indications of nlternatlyt~s othn, than npnciPd for accomplish

ing thi uime mi Ancirpo~iun n irt Ulii y tf thu p1lat~rOL*In. In uo.arch acLlviýJu Li cii Incrc-

ad dot cc~t in raiiiju tnhcit. t uten for ripcie in mj'rnvinq tii rch ratc ncve-o

wcoupor rivicitn may on)1kinc2(l t~he ;uruuidt idi thll ftt~~krirt~ti.t~ unctioun'. h1ow-

ever, ticrotin the whole Fjipculiwn of Functionic :i vol ved i1n Cho IiI~ oircreanod

spoad c.ould bu thn hotter cho.ico . Ily infitruncc, i fl(;oatiod icpord may iequ irit

tiven tuotru eniphouii Im.1n civultinni~ of Mu I Li-mi un on p1 attforlu.

2. Rela tti onnhip of tha.AluiyiI t kii t LIM Anv.mtnr~vc wnva l Vr'bIiclsCwvj!

Ttim aia iulyuidni invuuiLigat d U1 tili! t11iy of. Upried inl Ihe' tul owincj unavl

Vcdhiclu r.c fuet iolus

It.. Convoy



a. searc~h

d. Pursuit

a. Atttack and (Couritnrat.tick

J! Manouvor and Avoidnncia

Duringj tho k .... of thim studyf the ANVCT 11rorejim, of which it. is a part#

davelopod t~he following ')iiornrchy" of militnry activition, derived by nyntha-

sin front "Projoct 2Q000,' "Study of Miuriians Involving C~oneral Purponno FOrCian,'

anti "CNO Pbolicy wind P'lanning Guidanco for VY 713-82"t

1. National. Milititry tMinnionn

"V" 2. Naval Objectivom

3. Navail I'uncticnne

5.* Navail Wnrfato Areari

Tanditi Ion.21 naval Lw,)rfarcv nrow.i niwh an Ab;W ari' i il. mat Iy l inko(I w~ithI

SieI t0ic pltitfcutmi n ~d wm pl)l'i mlylit (110 (lC hur, [ocklni II] ti tint i n t. lut'l I

would cumtit~rain tOn aniiaymi to bv iltrn; hiieptl plaint fri Cluj .,nfon t . Armeurd iiv, y,

in the InItiAl ulacjcn of thn program, it wan dvd dnd to tocuri atltm~ititon Lit.

levcfl 4, i .o naval oporat. onit and tmikit. 1No) vo bouic: naval ojsuatritIo!.ý wcoro

def Inud by 11wi ANV(T~ 14twly WrokCcI or wit

2. Som-1,ounrhoind hotlint in MiL4ai1v rD'orint-

3. Mina Warfairc

4, StiUt'/Cill .ict, anIil IHocommtllo I



s. Naval roroo P~rotection

6. Shipping Prot cation

7. Open Ocoo's copa,-itiona

8. Offsehore Roasn'rce Protection

g. Logintic Suj~jlort:

10. Strike Agaiint: Land Targats~

11. Tnuhora Warfare

12. Anphiblous Oporationa

The vehicle functiornt in thisu report are not-. to be confusod wit~h tho "Naval

Functionn" at level 3 of tha hieirarchy above (Son Control and Power Projection).

Collactivaly, thciy are appliicabloi to all a- the twolvn hnnmic~ naval opuratlon~i of

loyal 4 (t~ho focun of thei aovrall ANVC Progjramn) ari Indicntod' in Teihlo TI-i,

Table 11-1 only survea ratro~pfict;,lvely to rulatc' loosely the twolvo bas~ic

naval opordat~loio weru fi nally dufinod about Ivltway, thrauqli tho study Offort onl

upued. Tit)h1 i 11-1 In rnubjr-cAivv, and li fforucit nut~horm mnight, rciiitvc t he opura-

t~ioni auid funct~immn MIlitc~ly dliffe'rently.



FGncLO~nýo oVirioumNvi J~a~m

VIRtIZCL1-t PULNCTIONS ATTACK&
COUNTERh- MANFUI-1V4t

NAVAL OPE'RATIONS TRANSIT CONVOY SEARt~C PURSUIT_ ATTACK AVWtL)/NCt

1. flarrior Oporationo x x x x

2.BLIAM Dufance x Nx.

3. Mine Iqnrfaro x

4. ourveillancco and x x x
Rtoconnoimssncio

5. Naval P'or~o Protecotion x x x x x

6. Shiippingj 11roiaction x A x X x

&7. Opon Ocearn operationsA x x x x N

B. Ofifnhoro Icoaourco N x N x
P,"otocticn

9. Logiontic RupporL N N N x N

10. stIrJikv Arjalnut: Umtid N x
Targot m~

11, In~hIorI Wairfarn x x N

12, Arnphi1biuru Oporattio:nii N x x x

JIwhom"



3. fuhie iovI n' t tor'rrlR~n 3c to Vehfn i 1 CLf

The detailed analynis of the utility of upend in the vehirilci functions (Boa-

tionu ITT thru VITI) wao conduotcd without regard for a particulor naval vehiclo.

The results of the analysis are relatod to spoed rangoe of aspcifio vehicle typos

in the followinjg iubeoctione, which also develop the rationale fo r speed in each

apouifio function.

speed intorvwln were chosen to correspond approximaot.aly to rapresaentative

current technology of advancad naval vehiloan. (The interval limits can be ex-

pected to change an vahiolo technology progromsem). Thu speod range. and cor-

responding vehicle conocpts are listed belowt:

-Ess .Hanqo (__no -. Vehicle Con.ept

15-35 Dioplaacoient Shipj SWATH, Planing Craft

35-60 Hlydrofoil

60-!0C0 .C SES US

.100-00 WIG, L.'A (wc speed range in about 150 250)

200-600 Fixed-Wing Aircraft (Air Loiter, Boa Loiter)



B. TRANSIT

Transit of a inaval vehicle in the function of praoodingj to ind from a

vchielo missimon, Three aspaulo hdlva been conimidoreld. In each, thoro are imoon-

tivas to reduce the time upont in Lrannit. and theorofo,o to incroatio tranmiL

spead, Key obnoiwationa from o'nvi cant- fol low,

Cass 1. Transit. To and 10170M a Fitatioln

For this function, a tunuul utility moamura im th~at of thac beat, ou la a nt~or

(i1LF) I wh~tch is generally dof itio as tho numboir of vehic.loa requ.hoc dt onrdor to

keop ono on staxtion¶, i.o. ,conducting itz minnion.

Whein anduria'o in inuanuitlvc, to npucd CC,,ci , nuclocir propulnjon) or limited

by othor facotrs (e.g. I pilot fatiqjua) , incroactua tratnnit Iopood shows clna-r !joinn

ih utility. Othcirwine, thn problem bc-cuninu cn fduv rdoof mn rn

sit up~ood, nianiion parforinnniuo speed, Itotel vildoranco an a furiction of thona twf-

apoods aiild tho rouqoi rd tra-nni t: dl nt-cnca.

In any eov't , th W. ~ra pracit-. nI Iiinitou on Ihow nni. Iia a I1tx call bo ach.1 vod

(by who ttivir invann) . Doc1low n hout t I ru t~her cloccraomio coma anl y by achiui vv nc

very 3arc.1v Incrvaucm!J(I ii An tho cidiit of trans]i It nuj ;ld (V) anid to t,1l onfikr.1I1c.-o Lict

(T1) tho VT prodlt;iO.. Pvtoai i.11 coti of n I otol o)1111-1ii~oct which I. I cinamillitiva to

t~ranni t npaec , rndtic:i ng tho MA14' Trout1 1 . to 1,2 5 wolo] d rrnquiro alon I c~l otibli.nq tho

tI'drannit. tiput'dl

Charactnt LL U ci Ily, for a typ)iclunt id-At 1ImLic n lu(30OO-nm round trip

tretnnit) bnase loun favtotu of aboutt 1. ti3 re Jprohithiy joc1tulvjhlru for flume uurrw'nt.

cuakplacinuont. hulim . Currunti patrol aircraft (11-3) itrv cnilablu of Lilmilar nic.-

niouiui, but: onl]y att hiiiLu or niihitt *i COll Intujilt c'xpoc L t hot thu, )Put 11hid- Lho L

tochnolarly canr roitronnhl y cvxpoct to nchiovor' tr cdvouc'cl uival vcliic'leii wtIlha

buOUtIorIC by til-fCln tWLo VolkC1, u(illn A idA'I tud by t ho 11dl11.1pin fit Hut~u ionl ill.
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Table 1o!-2a chotom the PrkOdUot Of VT (it) Unito of mile1n) nncoumary to achieve.

tho ±ndicatud DIX' fur the ta iunteUd two-wny transit diatancles.

U'ablci 11-2n. Trdannit. Speel-~duncarocti (VT) and linma T. Linu Pactors (1fl11)

NI~ W0 .1000 1500 3000

15 1500 I3d000I 4500 9000
~~I-Q 11100~~ 60

Tnb)n TT1-2b fthown, aij (iI .- nnpo Oin -honidviraict- in linurmi roquirod for a

t~wo-way trunu t. clii ut iu'v lim t I c'l(V, Owh inid I ru vd DN it Onihi uupcic-d iniLc'ivali

nottid. Faor aimpivi Ht~y, tilecu vula ti~t'1Ol In ni'irIn for Lho m d*-ponlit. of *ficl mapucd

intetrval.

Taible !I.-2b. Raqutrvd IVnudurmicin (War VnrImmr S4jimck~) tn Ac~hinivri IILT'u1

________I or0QC on ' Way W1 t Ilicn)

Ij J~b (i0 60-100 100-200 200-GO0

15120 63 303 20

11-0



Thun, an 0O-ý-not A~CV or SES roquiron abotit 383 hours of enduratico to be able to

* maintain a 1.5 base lorni FACtor tit lOQO0-Milt, two-way transit. ditititncea,

Tahle TI-3 mhows how hOn andtiranco roqul rozuont. clitngomi ma tho two-way

distanco to station changes for an 80-knot vehicle.

Table 11-3. Required Enduirance (a1lourn) to Aehicuvo MfA~s at Vnriousn Transi~t Dist ancos

(80-Knot Vc'hical)

mr So0 1000 1500 2000 2500 3000

1.5 19 30 56, 75 94 1.13
0.0 0 113 23 30 38 '15

The imaportant point in that tho denign of anu BO-kniot ACV or Sr1'S M~ut Meet

cortain mission distatiio/ondurcunce constraints if furce lc'vols arc Lo bei roanon-

ablu. Current tuchriolocjy indicatni a tcntail rlincj of nbout 1500 nia for #an D0-

w1L ;r ,!~1 :') jLuum, .. it cm ouus imutu at: tovi~n mpeoa or a~bout 19 hours, This

endlurance. corrospondy to a IILF of about. 3 for 1round tripi diit onrec- or 1000 tim.

At 50 %notto the utidurim0c20 in about '40 Iimuru onnd Uiv 111,F J,- 2. Thluri, It is not:

aufficiallL to chonsoe speod int-citvalt int vuacuo frr coouuic~vrait ion of trauo'u it t~o

station, b~ut* ratihor a ntr! of consiuLent paroml-ti ri1. vaC: -F i'ilrnumt bu dusipinodI iot r.

the vuhicle and the vehiclo mioniion.

Tlio 60-100 knot interval wan usoc1 an an example. A~ utimfila tableo Can be

cuin truc tud anod conclunl Qonn drawn for 00(11 tilivrl intitivo1.

Case 11, Trans it to a Don01tinaticot

The t ransit. to dnout itnot n, aonpi ,au cuoon i or loil invo 1tqn I I Ujio or util1it~y

o~f opmo~c-d of iuiuvo1 vvuiclulo vcur ai puiln itii v~irtivty of t ,imneqpct mlmnlnu. T

a gunkirol uconoluih nm' v thec ont. of a j u trlimijururt insiono doliviiuit eoi thruoa

fact 01.1o



1. Cost of thn goods being transportee, ninco thoro is an oppor-
tunity cout of .3 tut•tivoly invostingj thin dollar value,
(Tho Cosit of thf goodL1 X tho intnront raite pvr unit time x
the tiiiao in tr(,,it.)

2. The plf-gorm daily or hourly operating costs which ero auson-
tially indopundont of speed (Limodeendent c.t.) •

3. The ap. Qd21•:2pndon cost of onorly consumption.

TuO analys5n of this caulo in SAtction III addre, u,,e thin problem and Indi-

catoo that tha principal Impact of npeed may liS in the maritime and/or air trans-

port realm.

There in a potontially important parallel consideraution for the denriqn of

future naval v,;diclon. Conrnptually, item I above can bo coneidorad an a time

dependont military utility function, That in, the military vilue of the dolivory

dopunde on its dWtorront valun or its submequoiit m•..ary offetivcaneno and it may

made to dutermieo thip highly 'enari.o dnpondont "valun" of a military cargo.

Hlowuvor, some inAMIYUt 0 tto the .h ffect ivunoos of tnaval vohi lo njonodF in thin

typo of tr ann It fuct:Io anh buI go ina od by u.'I nj a r•oluuj r doal ir vaolun (paur

ton) an a proxy for :iji tory utLlity of vaigo. CumhIthutg thenn Vatueu with up-

tMnal npouds for a rr..IAtntic range of fixdci opnrut:int uo';t. pur 'LOn hour producns

a Aot of cur•''u of del.red speed ra•n•eIcs at-. •vnich to trauunpor , nuch an-qo. Thin

in don i•n thn analyUi In Sod'on 3II1 (Tronnit)) '!atble IT 4 i indciatun ranultas of

this anal ynim.

11-10
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Table 11-4, Optimum Speed !ntarvals for Various
Cargo~ Va'.uao and~ OperaitAing COtnti

Carg Valuea Vixon OpImratin!I Cnt OPttmun S3peed Initervalsi
($/Ton) ($/ron Hlour) (Kn q~t n)

10.001 0-10

10-100 .001-.01 10-25

10041000 .01-.1 25-40

1000-10000 '1-1 40-115

T10000-100000 1-10 65-105

100,000Q 10 1 105

More~ genralltIy, vorruppondingi to oc'mh range of! ca~rgo vaueu thurc iv; an

optimum spaod of transit and ammociaLed oporit~ing cos~t which mnininlive the totanl.

transportiitioicen CLt, AI. Criar.atuin conts n fcrca?:e thar(J in a ran~ge pf ceirio vfil-

twos which aru i rnocninlt:i'v to trirn~it u;porI up t~o a r.it iral value Ur. rynrid thil

valu. Limc op i mum arood of t~ranio In n Iltnnotai ca1 iiy zlc rvan i Euval ton or

carg:o valuei. F~or ('x.aIl))h, forr Hn opprat Iirj can! of $1 U/t ot hour, the' op~i muln

Spc'rd of t raui~I . In i aovn i tIve La urgtro Valu Wi'II~il m":i r ovwlm rwao u~~dO ""ouie

of $10C, 000 tLo $1O),00,0/tOWi I-thc AM iWrciihi'; V10VttI OLC o 11 y w~ith crqa v;' I

Paor conqm1r.I rot;, whiv 11-5. Ii I. id Irtv; r epri' otal Ivoi vii ti' o ~f paylyIoaic

and i u oTIO" VWCI Ctfiu Ii)Uo I(f viirOu. tyjiei oif youli s w



Table 11-5. IlatinmaLu.d I'ayloada and FiXod Oporating Coazte for Various
Typost of Existingj or Prrpotnod Vcahicloni*

S~ped M11 a Vuhiclo PaylOAac FI.Uod Opoong Coano
(nots) (Tons) (s/Ton Hour)

35-60 hlydrofoil is 21

60lA CV 75 27
Bi-s % 30 10

100-.200 IATA

:120U WG(C - 3.0) 22.5 42
/o (707) 85 250

At their pretiont ntiige of clavolopnicnt, adlvanced vuoiiclcei would be fur

below optimam in tranbport. rildcjiorn r6)r MAIIIIIjII, 0 ii 60-kiiot. SES whaich could

achinvu f~ixc"l c'jmnrat- nq couto of about $1/ton It- i wou'l I be an poptimum vehicle

for t~ralnriort~ilc earg~o in t~hc $1000-$10, 000 por ton ratico. TFhe tablv .Iocltcat.on

Uhat ane uun on 1: Sl-,5 har.; fixoci opc-rrdt inc cnoi li of oihnut: $1 0/Lo ii hour. ThI i

part icula~r vohi olo han a2 piyla~dof 3 0 toim . A much larc.wr propor~divc]~ (50

hnfoLn, IMfy10,1C. Llb(Alt 1300 t~fouu) and otlwhr lairgJLr anid fantvr N!turc. vornlons

are ufld('X voniirlurn Lioni. T1hrise maoy be comprt it ivt, ri 1:1 rcqilon of higjhor

cargo vail uu tijouininij tht Inigcnr c~itriclt~ion will. reulut ill lower fixodl opar-

atinU conto (it / on htour).

'j1hu suiiLaiint- cI oqjtot I cij nicppar t ojwvru Lioi van ba connicdarvd all n pipeline

or giodoa , wiivioi it la rr.1v am~coun t. of O~ic mat tiria 1Iii thos nyuitcmr io vn iroutv.

flint crvittocFc orn cut-I imtt.Ld cpriroitu e q(n!ft: flalt I icr]uclv '1hv Ut: ) -vo'II hPufr
ianalc: Wuct.ucri~~i t. frC., soi'1 '(1 I Miti!JI'iii of ho II llttc(Iý, -tiiCli (Wa~rdI (U), 11 Po-

jact. 1215.3C1. Cuittur for Naval1 Auto Iyoun, N(Wembur 1972, At) 7513 90l*.



The principail measure of tho of fact of Ppovd in a pipieline ici tho numhcar of plaut.

forms reqjuired to sustain a givnn rtae or delivery,

The critical paramotorri assiocinted with a pipeline oporation are the spend

of transit, the pAyload capricity of tho platform, And the 1oading-jaiid unloading

rates at the and points..

Emphanio is on upcodki botwean 35 annd ýOC krioto nino thono mpaurdh car-

respond to the majority of ecdvancod azavol. vehic'lIns boJ.,g c~onsiduircic by ANVC1U.

It should ba noted that. tho ripoed rogioni' bolow 35 knntn C enplacaoneint. uhipa)

and above 200 khoto (fixod-wivnij aircrafrt) ara occuptd by logtinticti nymtonn~

developed from mature techniology. Tho 35-100 kn~ot npood ragion iv~ charac-

terizead by now concoptu. Comparablui toohriologjiual. davnlopmaifut ma~y roin"ti In

much higher performiance leve'ls in thin opood range in the future.

The vehc~dlec in the tipood ratyion of Intorust rtspronont a guneric not in

its technologiii1 infancy. Sameo of thoseo vnhicl,of. worni not in oxititeioncc, t

docade, agol otherrn , nuch eui i .1qhtc'r-t han-n ir r epve ~.nt r-'ir;Ln riule

The wirU-i-l-g icronui coiic~rjit: waii it tv.uhitiilotica tn uirinniv y uil 11 lirloutli to frtilt 1.1 (

by the sclvj to In oluch veltilcimnn fl. III, i~Imt ic'l,piani;~ Nva4 Movi~tuct.'"

An iinporitun t racii tlio'h ip wh ichi vmo~ ryjud flo UI~ !i 1iiiil yi I4 of Owth nll -

tainod 1cjci.nti vs support probum) n wwt tho wwvQ-ui:.lLh. y produr~t. (Vc') ,rh advai :ievu

vollitc].ot in tilt. nipond rv ioen (if I it itrcuta~ oy~ ca,,hl ofr ~tw.ifryl iq till iiprwcd

roqluiromun!iort, hu~t IIruV (d1idi cill In t hoh 1,jyloouiul-wipult y. lllwL'virl , lipi,

delli LiPilcy mayii ))Ii cc.) rvot ud %4 11 th ll f (Ift( ( I I t III kfL Ii I IoIi I(IdV Iui:' I we11 I' lit:It-I (zIIIcI.-

an the' lirgu SMl) ruuok intj tiucul pla~trcituii m~oiri1 ot iwt LvI ftir iiii III i uiI

hloi anaiY1101i tiihcii' thai~t tIII( r('Iji I cd niuu~tiwr nf j1t4nt Cuirui iii Onthy p ijultvl

....1. ...



operation can bo roducoad by incransinn t.he 1oading/un1oaditng raLu, buL th.at do-

creasing marginal returns ocour at high rats.. For a VC ref 35,000 ton-Mte
hour

(abaracterintio of a C-5A, for onxamplo), an unloading rate of more than about

200 toni/hour (20-30 minutae unloading tima) does not yield aignitiaant reduc-

tion in the number of pllatforms noededl for a VC of 400,000 (ohnractoriatic of

a modorn cargo .hip), unloadioq ratan of 350-400 tons par hour continue to pro-

-L.• ,duceo approciablu r-ductionn In tho number of platformn ocquired.

1I*.14
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C. CONVOY

The convoy function con be viowod anU a mpaojal cano of the "pipolinea' prcob-

Ismt. However, tho ulatinont of giurvivability of the platform in iiddad, Frxom thu

point of vivw olf advanced no.val vollic~lon, tile afoct: of tile roflut-iva III-lad c~ilpi-

k bilition of the conovoy shil pr, omcnrtlii tinri threat vohitclon tin pipolio Inoiurviv-

ability in~ of. pr~ima~ry itit~oront.

To thia and, vehiolvi inpood liar no iii an inadeIuato meuasure toc dut orminri

convoy ziurvivability. Theraforo, upced ration botwoun convoy and atackor, and

escort Arid attutokcru, arn IIntroduu24id. To tocuu on thotio tipeud ruLirju and the(

* off out~ivutitiln of incroernnin thotil, tiio pot-unL iai outcama~ of' nttnckkH in. igno,:ori

* ~and only t~ho probabnili ty of nc-curranuto in adclromnad, Slimilarly, ml~cro-t-aLic'&i

are not cionaidarud.

CalIp 1. Ctui~vny ".1wotl kriIo~it or 'X'litin At tk,.r Spt'q.cl

For thu w.3 tiri covo ni3VU i-31 Cd IjrtLIo t i.han aI I;wrker fillwrn, t ht rnzlvoy vn-n

jilloym Ilpcod vonlt illiounil y it, ic'1.1two i h .1 ji. II, 1,11t.,1w ini'Ilivoit EIt 'il Lroinl Which it

coil d ho t~hi-attcned.

Wliorv tUi (!olliVUy wliull lift o3(wI il~ 111-01'd tid 311UI, [th'I I W11'01 (It .1I Olit' Ill

tilt, convo~y to a autIicket. njit-on tilt 131, weq w l il(~l oi I i' t 133 IV, It[ h- Wtwcol 1.5 a.i d

3. if tilt,. 3 il roo t) to univryi ill th he'(itu v. w 11 Lw tit hic ,nnknuntnri ,n wi ad

saurfaciu ithippin, th 110 1311301 nj Welwd or timo throat will till ho I.WM~on 11110ki .10-40

knutou Thitii plaineon coinvo~y ,.,,td zojiliiiI.3IiI host ratinq of4!.1')kt

1r thr majori thmitwt wi ll! tin aircatt , t hvi I ti-Il-i -it'a'' ll oulwy liptc'd hil nlot voly

urautul, C-xtnvjsl Iu rvl31uct. tit 0110 nIii'tin irJl111 IlproK IIci~i lily or dl(t (it iti. no dtfn-

cuuiflod inl thlil:lct ion 1 of tii Ill ~1CAut inn.



An is shm.-n In Sectioni IV (COnvojy ipaot~itonvi) tho throat arvea coni be re-

ducod by rnniiittttnitq A speed aidvantageofa' about I.S to 3 aver Lhci attookort

howeVor, the attoolaor Can compenuate t'or Lhe speed deficiency by inureauiny~

* .his detection and weapoii rangeun. Por Itintanco, an att~irkrir wIth i 'lt Lho lipmod

of tho coinvoy can quitdriipln the throat area nainorrit Lho conoby by uiing ai Wclpon

with a range equail to hA O et.ect.±cn raiigo , ati nhown in Figutui- IV 3.

it s~hould ).) noted that the convoy throat ~avck reproimunts an airea of poton-

tiai thrvat t~o tho cotivoyi thisd artin tiinta whothor or not: the convoy tins know-

1oilgo of' ai attnackor'n prouenct? in the arciii. if the convoy Is awarc of Ohu

attacker 'r priiiii-nn I hrrn'tiq fioni lAJ~c'0(2o or by tivip] ciyingj countur datoction,

thci 1i.9hrr t~ho cionvoy-to-at~tackar ripaud ratio, the tr,)ro I ikoly the convoiy could

smacocisufully evade the attnukoi:.

C1A"I 17. Ath irfl, rr qpt.ii r ,fl t,,r ti-illi Irrmilmon alp-' ri

in i ho pruci'iliinj cions, Ih, Is otvny had ai ni-ipd lldvanl itcy ovcur the poltvi~iit.Ii

ati.tic'nr. 'Thin ni my hr' a ronlinti Icitimintipiii Ion if oneric qarrisi convoiV~i Laud

thirat, n to crJisvtly iii t ht traitiriI.iisis nus~lrnn, i~. ritihhint7isthio iirvied with

tarpvdnoci vttru ii n ColI VOY lih ip so In tht modo rcuc.rn ri',io' nnitii ii: t h.1in awyom~rpi:onl

muay not boi vary raic1Intlic: ,uiiiice t-he thrents to fuitrrci corivoy~i may ho high-

htppud inibinnatii-i ar~l inil odWithI crutit1. ifwl iiicui arid looLJ-ioit slO iirvrar Wi th

III nod-of r mi nji: I n-4.

In .a prarct ical iiarii-it, whvcii tho ucunvoy hwn ua lorry citiii ancf' ci) t raviO to itto

denrt~liiatlcinnii orl Ow Ot' it Iski-r hail UR MIJOi K n wur cviit li~ji-, tLic atiitastvr havi iiq dute,:tcsd

tho convoy !in evotturilli ly cyrt i~ik It. Furthlist witLh turtosronl nuarvr'Iiliniiru ,jaid

tnrijot ilyj, t hn Lat tckvr arirsil wit 3ti 3rs-raaunriIJc~ oi tLsc h ~no

fromr uoit's'.(1i ius adlii 'ii,



In thin case spoent 111nnc May be of limited ttility to tho convoy, otid the

ofUectivenonN of oucortpl an a function of thair sj'mcuc muut bo cancidolrad.

Coas III.. Escort SpeedRqurmet

In order to counter t-hr' threat: fromr a hiqh-mpoocd attnckor, the convoy

unut. improvo ttn counter clcoction and cot~nturat tack capability throuqh tho

Uuse of onc'0rta.

TIhere tim two important cuicort. lipooc rnttioel oncort-to-attaickcr mpotid

V'aAR andi ouva.-t~o-ccunvoy spead ratio.1o The first: ratio in mocii rad to Iriiurp

timnly cl1osingc. and co'intcinntaruk1 nc t~he throat; t~hn mucacnd in raycul ruc to

maintain thi' encortla C own deatc~tior, tnpahiliIty ovor tha anigr cnocl arcn ro] nttvo

to the convoy.

To be offoctiva, tho first mpaipd raq-ui:crement that: an oticort mustL fulfill

is to posecon a nposa capability grosatoin Who thu c:onvoy. Thus, conivoy apood

raquirotccont-u nUch an thocin in Anno 1 (45-120 knots) imply onro~crt npr'c'ci of abiout

5025 MO ki~L. Coninu~ ioun acuuntitc nc'nrchI wnuld hn r fntpr: Ii Vu ft nuch ulipoicirj

SprInt *drl ft tntl Phc ni c iti'olicd If thui (unrott In In C) ovmidpi priivc!tt Iani to the

convoy aqarjinlu "obinor Iic t ?inacti by i'ifplnyinyl ~ ac~c'stk nearch.

Trhu gjonpra ni1pr ii t-c1rif t. MiOW uto.'t IMP ci im de inv aind din cuicior I" th rii'f -

lowin mirj l viI ticu" a n rn rarch (Iicj..ri 1119 thtrouqih 23). Spi ri~t -i;iftt acou~i'ct

searich by ai convoy l'criclt In ai nitpcv~ini can I"0 Lhai t oac I ul(rork* lilt~ Ic~ovor nili

anninv t novl ic'nr (rr' icit:Ivn to t-hc convi y) andi dio nio n. ain rivora 11 ii)iPi lit leanct

equal to~ thait o~f thi' t*OTVy, Thp dii' PCt ciii rni uj whll ii' i Irtingl~ thp ciru t t I ou

Wte palqi'' IV-24¶I i thiltjti VG for a ciortinnicIon cif "luaip- ro'qq I nr*' wiiintit-iiiu
nociich by ai jlu r of Puutwllii ruind thfn imupijl IN itiil.'if I lutwucti Crolv I cvvl irr-
quirrnionnnu and vihtlo~: ci ainlcl111 v.tci

121')1



required to complete a nearch, andr the sprint opowl' and diinLatwco balm.ean noarchou

comibine to fulfill thia rcciuiramant. Tho flnarch mubrmctinn Jntroducoci tho Con-

capt of ',virtual apood', whicvh f~acilittates the aInalyHifi of Lho effects of sprint

mpoed on ovoal)1. nakicrch capabil~ity,

Por tho caIso where vir~art sapood in groatclr than convoy mpood but. lau than

the attucokr spood, thei numbor of aticorts roquirml can bL, rucluced by inorentailig

the weapon raunJo nf tho u~r~ort., at; shownl hi Tit,lo Tl-.(,.

P",Tablo 11-6. FEncort PRo uiremcnrtfi an a Ptinction

Att~ncknr B~d1-motrt. Wr~ipOn K.InqIL/

ruicort Sed ni Dt~ototionW t.i1tncc Numbeir or Vscartn

.50 2.0

.25 6.9

2!i 7.

'Ma proc'od inq di otniewilotin On mno-I, ttik idI tmucur -to-. d Iackvr

opead rt~qu t r~nomon opon tht, quont inn of i navrjwnchuit imialltignr vcoruuu convoym.

1m ro ro oit aiin condel IM I W1s lrir. WIj~j ( oh on or th ow t her moy br, n laIcalj c:-thoice.

flalin 1111YLI thim pioim.pi chl.ino, ir thri pilm-oilnn .1i compiitond

Npecid cciii prociucio u~rnal 1. d thU row I hroat cirf Ift Iu(.h N~onvou" qwmb

are ali mmmi1011t Iliill wkn 1 iN IUIA1tYO fVkL COt.fiE101

doin in ilin inr~ a o i rt r cliolco ir o Ir h nm hrm(uvilmon

1Wufi1pooi ).~foit Inol iiti vily irniunnit.ive IC) conIvoy nrivwod miid uncorbi van pro-n

vida vr r-c~L1%m ptot octtloutvoiavoytiim iuY ho! t)n. 11101-L' 4-ohl ct



D. REA14CII

in invontigai~tn¶ the utility of upead and optimumi upood rangon for

conducting aouusiu nearch by A ving1li unaided nottrulier, two cocoas aer

axaminod i

0 sarrior Search

0 Opon Arcia search

Lomphtasin in on ncrnuntic eanrch for oniomy nubmarinas. in this ocen thara

are op~timum ujo&rch apendsa hucautio tho Iincroanad upend incranwoii tha, longjh of

thw aron searc~had per unit timu, but- 1ncroani21g npcoed roducon thu dotaction

rango (which uioturminino thbo width or thu itrea sinnchod), tFOU Wit' typoll of

sannars and tnrguta, detacLioil r~ingiss toind to bt ihctinenitive to uecarch vuhicla

speadap search rnatai, thorerore, increave linEarlry with tiioeci.

In both tho bai rier and open aroa caon. I;hroc vuairch rnodou were iiivocti-

gatods

o Continuouri suarc~h

a GBpri ,it-t~rr1L~t F2enrdi

* Plylng-tDrIft. Sunreh

I . ivienrrcr M;wirvii

'rhci bo,.ric camfi rt-prri'nite Lit a .(41 clutinoI iu atuin W o he 130fl rviieltwi-h tho

o~jivt' .4dut.Iciii i I.. it t ai yjit: Oll t hi c aii u , ain an eiy itlmai I r ~ i) inaiy tittoryuiujt. tu

travuil tii(.h ijiich h bia irritir.

Collt tgiiuoun isc'ua'i 4I' !worc:I wa,e i~vvu' I ijdt vd tor nigiliru uzyzt vitini vxpl (At Ingi

two tlitjii f or i jIt. Iiuivw-t io ipit Ii.,



II hativa sonair seaurch or panniva o *aroh ULiliMIfrj narrow baitcl

46001!iOn of a Vnn-jwop0IUluioii-r01ntd natini~ notFirtio Ifl thisi

case, datootion range iii indajandent of target iipoe'd. (The

effecot otf tnirgat 4mpaut vian not conuiiilrad.)

e Broad banid puassive datectidn of propultilon-rolatnd nnishe.

in this cauba, daotction rantjo In tnrytj spend dependent.

Zn eithar oano an optinium ralnge of tiearcho 01300C10 Min be Oxtpoctod, Thin

optimuni inaprinarily til~e to the dogrcdation of itcountict nontior capability Aith

the mpood of. tho acarch vehicla (i.e., the benefit derived from inaroafned speed

in tl'~i formi ot Incironvetd swoop spend inz oftiiot by tho drigradnit.±u of uannttr capa-

bilit~y with incrcniuing flow noiao). I t hnu bcin obiawrved by othur ±inwctigatorti*

4, thdet the Daunur capability .te dogradad to 30% of its maxhimun valuo at a noped of

15 knotri, a rc~tnult: consistent. with thin antilystii. Haence, c'ontiniuous Mcouotia

uonirv~ In a 4,Arriar in limit od to searc~h opoods bolow tho IIpVCIo Capability of

jprenvriit nacvnl yovchicln rind hig her njciud capabii ity would be of qiuciiitiotuibio

bono frit. III I.Ii i voih id e fulc:t ion,

in ordor to nut. iliro Lhc. ripRutid cnpibi 1114n n r. hCiI qh uj ' vr'olI 1lit-o III !ifivuriLi c!

* a~~~tirarc, H'1ilivr riju i ut drift. or fIytiiuj-dr irt t.autic 1 m imlt tic owiiijiyod. E~print-L

dr irt. ill t h. tuect It: or nk titbinir i no, tiurtInc![ oi: timir cutr co Aihij I prinjIit nq whI ii'

not1: iclimiiu'J 11, thuin livic~rv~lriy fJw~I.ju tit.in xot It'(ipod 111(1 rijurftt iti iiclaiIii. Fli~ ngj-

drift Ili Im hi' .- it.,e o r uf 1rcrtitI u!ib.1 u tif lifiverinkj (Mtr mloiur) ur til1.1iuuj

cill Ul wMuI- *, (o lt Ijt.or ) dtuil-Iluij ttio ll I In t i- j 17 pur td I1Iv airuiritt 0'n1 (iyti

* ci~(uliuiul In] 1 y Ut*Ir ý,uutic balli:tu t 1( ,c t ar, mn' pri ut *-dri ¶Ft , i v. , flyt ricj whil t int.

neierchlnim * thimp tivorclitit q wilt Iv huu'(r~ilicI a, sit itt. ig, 014111 flyn 4 I 1j~CAniiI. It:

diffvrii rtmi iipri it-fli I I ti Ili tia addi tional I finu lit rticui rod III dijuloy *iii

*[lnutu; lcu:r', Vol . 3 Ilitirrio I ritro1&fl , livini 1 '111,162, Woind laind Al rnuraf , l.td. , I-lantL

Cowa *1iJ i' if qn~la, NoVvilibor I ,J(i.



retriove the &ionnor. llaflcc, the banif it derive'd l~rom 10.9hor f lying upoed in

o~ffset by the addlitional dcnin t~ime during thci drift. paribod. UvsIng thin tionrch

tactic, no c2.onr-amt optimum nPa.nd wtivr~su, sin~ce paraucoturs ot~h*r thAn Appuqd,

such (in doitoution ronugt and drift ti~me, imtmnct oil thna ffootivonadiii of Saorch.

A "Virtual aipood" can ba dofitnod. (whicih athorri haive raferrvcl to an a "Nuarc~h

ti;, ~offivienvy ratito" yjr "noairch of ficioncy paramotur") ,i a.c , tho drift. da.Loftlon

arange divided by thu drift, time. Noto that thu virkial. mpl-oud lnclool I.wo the

unit of opcod. 'rhto ocliuntion

is cauily durivtd rrtxom olunttcin C-8 in the Appinenix, whorci V'I: the' 01ore'n1.

speL~it of aidvance 'ot the mnrelollr, V in the, Wfrinlt fpacici, U111d VV, ill WIhu virtual

aipeodt .-. rtC'li' retuijr, ' jA Avhilpii ri-,id by racjtdrcd drift. t ime to

* - camp]tet .a tionir'h . It. i auoon that ovon if V, tliri tipr~ilit: npe'j.cl , Ji or oinu ho-

* ~yond all bjoundM , hr-i nrwpo~l or CICVIMI'r' C!AnMOt- ixce'nd thit vi rti.-il liporu'd (mnlul~wri

uttarclicr tilitinlti 0 r14ilct if:11 Ctqkni 1tAJ 11111do uc0t.lrIiiA roAttIVe) ' Ind rw~IitAit flon,

tile f1nCA thlit thy1 nc'nrulirr .In only v'f furt ivi for liiarc-1,J iq duz iliq thil' driift

ror 30W VOA11111 (f Vb.11-1110 F111001d A *.t, in thilt ol-doCr (if'I A 15-3 kmit n, npri nlt.-

ing nt higjh nripeio wouild ill it wilft uful t act~icutx an e diy rilrir I poicd gJ11'dhr

than almuuni 40- Wi knoi coitrib uit im vory litti..1 if) the~ wiiiw~rr'. 101411 tL11 vi rtw.-

fil f~pitil hallin t yea u) ta , hiIo or (.1tecitcr , the o~i lrint inii kit. liii ii UtIM~~'L ht-C-0I10ii(! a

mort' ottrnc-tivu tauctici,

I - Aj,1 trill at. Owh probiol Il 11 ditu rriiaat %qly if cli d ITC ccl ilivo ofr tiIV'liiei

it, iijwicultici ror- agvii vjtcirtuinal ilpvvdt, thon Hi 1-viroll rt)( tjcl lilt. lipc''c varl ho

cvAito] at.fi,d . or irlitant4Il0 if' OW ho ivo I'i1' OilkN itie'l it I t-0 ElitI!UI A *ii I f orco

at. 40 Iticit *, tholio 1hlo rtiquilrid rolthýrljiu ivon Vii Tin dlu ii1-7,



Tablo 11-7. LIKamjtuL of Tioquirad Sprint. SI cudo anud

Virttin.1 Spoodn a to Vcort (Convoy Spooi ' 40 KnotH)

04 76.4

207 52.6

2530 47.6

Note Ohat. incoalning tha virtual spoaci nllowis for ,iprinLinig at- slower npeod

while) ntill ,taint~afiiiiw tho desirad ripeade of advalico,

Plyingj-dr.tft iinrh diuplnyia saimilair ciharawtoriat~icul howavor, if the, moarch
aionrior in ~i toawuci rray additional tiec, will bci roquiroa1 to doploy an~d rcit-riova

the enrray. This hlaim tho orfact.- of iticroaning tho totaul drift; timeu and daocream-

ingi tho v~irtual sponci and thuu thn mpecd at advanct of Uici uvarcohnr. For oxaiiplf-,

an uair vu -hlulo It. in about 1 .5 homur. 7f thci doucwtHan retnoij in bot~h cation in

equal , parluilp1 V,~ nfi, thii i-ho Viilull siv- of tli~tn uriuc vL~hi c:Ic in '*o ktio L:

and fat. thu £ fyinol vehic~viiit. fit 1.0 inot.ii,

Agjain WV' Neu till 11c-Itnity , III chrmoiiincj fispvc~tb fml II(1 . voiCI ch v10fi(JIM

to ihal~inccl tiptod wit cb t-hor roctoru, An cain hor- iinvii flom thn aihovp'toi

doub]Iincj .ht. 014 knoit. vI rtmi wa1 iod by urimilbinatt-III oro illijlpOL-d %dI C-ti on reincgo

and raducvd dtrifCt t inri, rmbc'rion' tihe rprI n t .ipoed raqui Irrr frcumj 7() to !i 1 * maol -

t Lining f t-he namc ilmedJ)O or advi-ViIu.(

Cano 17. Opr'n Arv on ic'ih

Thut ope'n drtn I irC~h rcvprent-uiii I, ralidumt mirnintoiior with niIo prinot PKI)ICtc.11-

t.icni oil thia pro a oncu at: Lkrj 0 ncatv or tj Urgcit. ]it ujti i 0tra nuairchI tihe cxItpoc tad



number of oricountdrn varies with the. denulty of targets. The density of

targets, in thin analynkIr, varie; with their dt.tninco from port. in accordance

with the base lon: factor concept introduced in the transit nnctiorn (I.e,, as

thi distrance from part increa.use, the total nrea In which the targets can

oporate also increases: hence, for a gitvn forco IlvVI1, the tmraoL density

will. doc'roaou).

The conclusions from the barriur came using passive search ara applinablrj

"to open area search. However, active sonar in not very useful in open cram

search sitnce thu target• is not constrainnd La crouu a barrier:, Sincu the Largat

would passively cnintordrtcc:t; tho suarchur beyond the soarciher's capability to

detect, ai high njmued subitarino could always evadel the ecarcllr.

*" For uprint-drift or flying-drift anarch thL numrbir of &neutuiit.o1ri per hour *

iii(rcai4(?t w] Lthe v.1Ytul&I kiji1C( arid target dens Lty

Foc .Lauth the barrier and open area search the opLi.mim coartInuoun nsearch

upped is in the It - neroed range (10-20 knnts) a•ciid higher neonrch r'peenl n ?r.•lint!

in rel'ic'd erfrctavenu; si frur vm:h n'vs,•,i•. |li q piatfrmii. litwevw r,voi w ci:nc, i.ii

thiri low;.:. ire•od rangie: tire tvpicaily lcj"q trltdiiioic. V" vWhii MA Wiic Jilt Ctjtiihl

of niart t•itnud operationis.

'Ihun,;, in tire. carro of cic'ouit ics s•notirli for sriohmrarinoi;, I ri"iiL ;c;li,( y.,h r:I-

nperd (W,, thii' Implied advairritni vhicules) may |irIrmy'v linvrh r[ffi:tiv•ie••n,

but otlh.r Qmi-awcv'uintri "orM as r' eduction or " ,inf io' cit (ti-I tt t. [ir , ,mo"l

IrrlC'(a,;"n tciiuIoiancec would be nIccunsainy inr ordr to V'l ly r•rl'lr L ,v hi Irene-

"A



H. PUNUuIT

The cliannic problem~ of pursuiL is in sornci form a runc.tilon comman to Jill

forms of Warfar. Any doployed naval vehicic it) a potL -i-al pa'rticipant in

one role or theo ehor in pursuit.

* Wherever a vehicle Iwo timely rictico of the loc~ation of a pursuer and in

f ree to manReuvor, it cflh, ercate a situation wherein the purfsuor roquireA a

spovd adviint,.q for sucons. Th'o grantor this speed acdvantag;e, the earlier

* ~capture occurEI and thrt shorter distance the puratiem travelm beform capture.

V.1uu, I~herv in at cloar vaao for incrceased nipood in the purouit function,

Thera ar-u two b)asta tactics availabla to tho puruuiuri

I. The purnuit curve, whernin the purnuor continuously hecadn directly

for t tic t:argjot wnd continuounly alteitn courne t~do Ito.

intercept- poitit andi heidsc~ for Lhi n point. at the npood iincenriary Vor an .,intar-

Thei prnuu . . curvo reauiL i nij frcnnn Lhr. fi r!A tac..~:tic a iwayo ruo.lUItul in it

eLtern 0I il!w

Thorr' are a liyi lad (ti modi.flod prsuit pathoi gonor-atedl by -upocifien. of

otheir wiartiintorni. Loiit, nuchi .1 the cww whern the ptunuer hutn a h ighl upevc)

we'apotn atiii "rapjt ilre occil irm wheni I h vihw wontiron1 I nuneh rany . l1v thwn many

modlify hiin p ith U) Cliitht.r follow a purno it curvo to the no,*iron-t point frant

whic'h ho( eniald lallicih Iii n; wnapon or teni- a st-vady CT)urmne (I 'ad angIj e.) whi.Ch1

mi! innx!; '.'Ihu li nta .ii Io I widlon launchi point II.

All .inpi'i~) tLant. c i' in Cinte whore t~w u. jiir jila cksi conintintuot infonnit i kn on

t-nrtjI-t 1 u-;tloto~. Iii thui Hclluifl lip' pimmoi;:ii n d-itu thin ali1ft-ttnnnpt to trapl tho tar-

got witIhi I i tJic, pathi which Ilia 11(stirilo hnwepn I hti~uqhiI Lh i. ddlt.1iln.



In, all c nson thera is a elc'nr .tncreaus ill utility wlt~h iticrunain in,.-spo~.d

ratios. Again, howovarp th~ra are tracia-offn wit~h et~her pu ahtnt:vriu, nurihl an

dotection rango'u, frcoquon~cy of iap-doitx, weatponz npoodn, and woapon raeu -?hame

arc discunacd in somie detal.t in Suctionl Vt.

Im~portant oboarvatl~onu from this ana~ynlu include Lhe followingi

1. 1Purau or-to-purnutca npipcod riiticac of 1Iman thzin shout. 1 * ' u&In rumul t ill

vary longj Lail chasen. libweavor, xpeed ratios abovea bouti; 301 produdin vary small

incremkitnl.~ galinst ~n, Tabl 118*iumnmirizan thoi infcarcnicali Of thn uthoV! for naval

vehiclon in potentiaol purnuji. scaianrion. .Noto that tho upoad of the ptirsuar

indicnten the niipproprt-into typt? of purnuit wihicict. moun. purtuil; of nler-ted

high sput~d wubrcri ties by displaro~matiL sihips will not be very urffotivo avir,

if the problemn of acoustic sansor legradutiosn o~n he ovorcome.

Purnui t. Vvh iC1(!r

1!i- 3 11 ar'fwl(It. 5-23
31-6 iydrofei. 1 12-4o

60-10-0 FlthS-ACV 20-0
>00200 >T~W( 67

2. * ho t~rade-off butiweun plitollr 'I spoerd idvantit, m~ood Ihi woapwi ra(jioq

(whe'n piurs~uit cLulifIninntenI itt attaurk) tu of Itovt-utw fit ur Iwu poitnto of' vlow. 'Itijc

ri tot isu t~hivt i orlj woapco, v,,wjtN cVan uMAL' JIMrnul It-'If IiVV Ik VVI Y IO 1ow 1V

advantngeni. rho utworal 114 thl. ami thto tiwio aViillnhlo for u-qt or (:iLt-,ivk ) hu..

* ~~~comone Ohior t, Oth t iadc offI huoti n' to faivor groo.tvur weapiuo ratitiqt ral.1ir Ownij ill-

C ~'o--------------



The ann1l''tiu, in saction VI addroaicon a cAina whercin initial neparation in

200 rim and J~hn Iiurtiuoci'u max.imium npand'~ in 2.5 knots. Ta1ble 11-i ifldicEat.-n reflultn

for two cap~ture! tinino WI hour" and 2 hourai).

Foblo 11-9). illunt~rntivc Pursuur

(init~ial Separetion 200 rim, ptirsuce apood 25 kiiots)

MAkiinunipurouit Rtoquircid We~apon Ranga (m~)To Attack In:

25 fl0 2.60
V!i 0 135
so 110
75 - 55

putrrnLi lt tri( ciipchi lity of t ht. riurnklev, andc tlwo initial cjvotmitry of the probi im.

II-aC*



V. A'1iACK ANt) COUNWHJV101I'7ACK

Att.ick 1in the rcu'dlt of a tnoquirivr of L'vontrt cjinnhing with daLcutioul of

an enemy tflr(IL. Several of the vuhicle funct~ioni, whihl forarrd Lhu facuu of this

situdy, aru .involvedc In thin mcquetIWO, and than, aire rcilatvud to aitt~ack. Att~uck

also includes Lh- uno of wonpona and, thicvofore, weapon rangesofi hotLh pairtiOU,

7the attac~ker and target oL(t c~ountuirnt. tackeir) mwtt he rionni rd~vi. Preparadtion

for t~nrtvL oncUMPO in tlui farm of counorat~tzicAk khcjitn when tha targett ini ASi

tially alurted to an approa~chingi attacker, Mi Thi nt~uci crtunterait tack wrnnon In

launched when the distanco bntwuuzi jil iifatmui in rodiicud to thu initial] tiIrgat'na

T1hera are four imnportuant vnriablot. fur eaIch plaLtrorm ( Largjc't arnd attatcker)

which impaict on tho outcome of at~tacki and countarattaock. of vourne, speetd of4

cohp1 ¶fu~rm .1 thu priattiry ,nne uidvr cornIniderhIt i.or. Tne othorii a.u , for

each p1lItfurr, sIIJ1yO l nceJ rringmc (1incIuriril uJxt irIal rci.toti) wun-pon range and

wea~1IIr~pon tf t-nan itime (IInlr~uvC ftcticr' (d!tp inn in wrqw't1 WW .iiih Rc'viur v ant-tn

th~can, a re rt' VdIyat.

CanIu 1. AttaeI('lIr IIurvi' Hau ra"U W112 dIJI11 Wa2J(IIm rarmu1 aIre it h CgroatrV than~

this taryvltt Ii riiIvui1llnce range.J Oiiiu th u~t im *'xi 12onatit.It I t a)nt'. ,~a

in irral uva-nt *T'Ol.tff(. i t nui IIn nJimpe, Ctvani dets'rt ionp thv it I r can nllw(yII

atakte ngt Thim tdrgp qet v han Lho opportoniL~ty to counkrotv~intrki urv1 dv

Can~I~t; 11 lilt'.plnrnq "lunWnLh iv wno ane n



'Via angtiqt-t'ht Conaiottn of the at~tacker dutauLLng (or receivingl knowlafto

of) the targest nnd clottiny tho range to t1ho Largets but tho torgut countni: detaatou

the attacker~ before tho attacker in in a pouit~ion to lauiich hilm weapjon. The taer-

get than turnn away from tho a~tnckor aitirl propr'pat LD CQU~lti rattac~k, ant opcarnti.on

which tnktou uome time. in tho meantime tho it~tackar coniinuou to clona tho.dlm-

tanoo until it reachrnn woapoti ranqn. FPor unimplvitcty or danicript~ion, woapon

flight tirnus are conhtdcradl to bo viro.

When the diataiicu-npaoc¶ ralaLinuio arc such thal: tho tima to clouci this'

diritanac? In 3#usti than tho tartlati ranponmri time, the attoo'kur alelw'ysi Att-.dvks

and the taruot; doun tiot.

Whan the timo to vlauct in equail to tho tarqogt: ronpontinr t~lin, tho ~attnaker

many choom~n to break1 afr tho attack1, Wn which c'aviv Lhe targfnt navtrr han the op-

portunity to dlo uo (i.n. , not thur attae)krr) or tho aLtitekor attaket aind tho tar-

got. u~flC at tac~k ii

Lanitly, Wiutr t hP I 11Hu' if (u It'(qt~er liviti tlit LaItijut tivi-pwu I t int, thit at tackor.

tihou Id hrr'ak or t hIiii "cit tuik"i noiv-w i mu, thim t arcjt nuay rluonop tor courit rt'ru tv k

or it may ljrutitt off thri at-tack.

Ex ln~ o f ruelutitrud (I it.aitko.r iijlotd uudvaurtitikjur (to c. untu and mahot ( ho

payr'. weapon tlatnh fnrrau'dittrtr wr'Mporu ar rutll'Ir! An Taib lv It-](). (Son tollsi

pnjf ) N nt r warth1aat )f) urnn~ ne ol~w-Vor woru dipon tu' .11i Iuin I an 11-]univ to gr ur i

.1nct~rv~ incl d # uL iIk ir ii 3(1 'Ctand Illht ~i )( 1w ) (f o I itd I' il Iioliok Of the' Ccombll Iii Ia I oci

md hudi id.



Tab311. 11-10. 0(3quircid ALLackar Sliced Acdviint.aklaa I'n1

Diffurptivu ni litm it Ta kjt Dpct W n n~ci, lR',1i(onI. Attamoi, (Ciiudo A(T -1)

iIt tru u t-.u .....~ t ._n ltp:jo Oin) ~ L:a ttrka vi .I

I Mill 0Mill

20 240 120

5 60 30

(2) Citiv I I- P , TICI tru' igot. liujtouc Ii.n'a:~' Oin Ul u eit t.arker ljeii11 * In

thliis camio, th it nti~at*ker dOtoct;m and, nu bufrot, t~h'a targejt idUltAor eltoutnw bn

fora t~hrj attack~er renchion i tu wripnIJr zv1itlng. At: thins poi nt t hp Largat ctin t-ttrm

*WAY andcitm~ff oi- iiinLalin raniro in a "Mrxte-.nn fitmul-ciff" ur tilt Istrcwl ,liqht

Choamjc to 11 1u, t hi. 1~jntjt t~n 0'rim rurtirt. k ( vvoot hu I p1i q it-) ami tinivitit' thc'

at, t t1nrko.

ranqv I it q rviIc -r I h i t.I i )I, h i. t I L-kvt'Lt LIwnapoil r-iitIej. If tilt' dt.lilget') r'j it11(V i ll

also gremtillk .hu 01,111 tilt il-lt *31V1, t II tlt' i"tW Y"l 'It-I ,th10 Midi I lW LONlcit

nicvor hiam lt(,, ojppuit iti Iy to t'ouirtA'rattah If'~ 1, 1rilyI 11 y, tarolii' iqtI rivce-ml in

cjr~nt'r lun u~t~~~uj'a lJ3'I1 *I h''I l,~l't wil) l ob1( .1131 y (t141tint, ttilyk'~ilid L11331

otho m ill, y tCCio . d t.i~ii iilltirLI. vW jti . ýr ti _it 1113 13.lL' f3 t llo(31.3 to11 do utill on tilt!.

tilttwo o) t1-11



Them details of thu nLtIv. Caoseme areontutnod in Ioactian WlI. Alma connid-

*rod thoroin in Ohn mnore complitanta case whuroin thu taget In envortad.

In mummary, ncttar and cuuntetrnttacdt are runu~tiono c'lI~ol0y rulaktod to thu

other funuticmin nitudiedi. Tharo urn many uitunt.ionm whc'ru at speciA advcant~ago canl

I, influcncc' the outucamno or nt~tackar-count-orntttnk iccanarion. Othrr parameters

much au woaponpi inwi rurvati lemnv syutamt; are uqunily Important, haowver, and

vuhiule dahibin dociulunu ninould lit inade ronnidaring the balanuc andi matching

required taInnOyi titrod and thv othenr Imnportant parameorter.



0. MANNltVER~ AND AVOII)/\tCI

Maneuver ii; a t.act~ic rirployad by a nnval vchicle which in~ clrunigned

to altor favornbl~y tha polLcnt-11 otitcOMO of any otf fenivi., or' dutironivi

an~ngcemont. Ili toncral , matitiluvorn rvlaftn to t~hc it~hur vcrdilt1l runct-larnn

addroenmtd in~ tho utudy. Offunnivo And d ofttnive! m~tativeyrn are uormitti'rcel.

Offuhailve matictvarn ttra t)1zun Lat~ica whhuh atrivci to iltcroei(M til probaiity~

of atucaeonniul attack cithot by c'onfisiiawj tho tanc'my or by ~avhl~,ýLny ~a fvrb

launchi positioi dfafonniot mtinuvivra atitimpt to aciiiovu uticapu by nviltI.tiqj

*attck or roducing tho arf1'ictv'.tw'mem or onoitty wrlapewili.

in the ptirnuit imc, Lion, Owc anti 1yti n of th hn ~ijo wliote In ILIC pritte~rv hiid

coatit-.ilt~lholl ihlfl~roilt.Iioh all the purt~uaci. n 1at~tro f itnci tihluo 1tht Pkirmoun ~ctn Licr-

compl.1h ib.1timo by anlimuvpr udnlons ho hasn a rilpud tidvanatacj. If tlui purimno atino

has i ifurina ti.ni oil tht, furnmor 'ii loc~itioti tit, cap no cthcr pruparl)e foir attack

orn nviotrit wth P- ANi .rl-r ..mrc~i ..il''r I~ lii i i .i..... .- 'lnt in

tiunertainfty dulrimll tOil- poriod micf~ "blin111" )iurnlil t , Ornik~i I nil cif f t~hi pur!-111

rannrj oh ilthe pmmrn'ur cirorilt r t hairi t~h'ý purriunr I -i l)):ull 1`rn1(itq and (mt urnm10 o

gruoittrr lit-fic'nm, I im' t~hu JphtirlI'ikW Cal11 alwiqi'i ( iivt ait t-ock. Thon c(Jimivi u ni v~

oft ulimlt'i 16 ci~ l icu'suc'd Ani H.1 m uc-t till fil n C-ount I ,,i I , wii I cl 1ii ItI itim Aof lilto

'1110 lilt% hlvlvu' I. (i a t lan. Im L t hi nligh ami lirv cal l ic tij 't'dI thlivjintiuilo

In ii haulr io I raniimt, wlimrt'.ii Owy iiiiin tullplarts tirm LI illrhicili I dhipi i. utoietniim

I hi tiria , tliaqj I. rititi t rcaln richu'o Othi., puitmalvidt-y ofn r' ui (141 loll 111ip mjy by



(1) taking n ml nfium lonilt.1i path, d, throti~jh tho nrona, nvdc (2) chn~otitny it ripned

Y, which mfidimiz'ii n funrition,

whoro Q(V) in thlr clotact ion rontup of tho arta &Iorlor, incrurnnitig wiLhi

ivieroaaintj V. T1humi, it Ill trlsncrtnit to tho trdnmitor to know how iho Onofl'Y

Aron Montlor do'poldi oili hisB Owl I,,pooi.ii

Teein n clanu at cmmnn wharvin tin itnomy dotac~t:iog rlyuttn% doponiiu( cn

parioclir "'qlimpnanl Lo dutout: a m~ov~ing naval ve-hlicle. It the, syntom hnaa

A 110ar unity ptobabiltLLY of dmtec'tiun per tjlimpunn tho vcihicle apuo~d hAn

littlo tifuat an hnt~hor hn lIm datocted or not. I'or uxarnp~ioo n nntciifltc

nonnor with it largen floiui of viow, high rmrw.ltt~inn antd unaffuct~o'l by clotid

coveao:nc mi~ght bei nuchit tynyturti, Ilowevcere for ny~tivinit With ai singla gl~impsec

probah(311%.- t~ cir luitu thna m.iv, Lhr, 1 cifrý Uivi tOhw. Umic V.dhicl u; o &ijnJi. Il Lhu iuL -

voilli n2r1c' orni thrin wiviiv~Iii, hilli proioabi itty 0i r~kl,.vcct r. Veiiiic Ic povd can,

In th twii-cuL oll ('1 oil Inch , liii' cijaiultwail %V11011v~ii; itci iii

0110 of 01v homini ;iI t lilt 1i1 o on ,ic-i i t.c r1r o A)0Iwuu pon(11 TI i ' rr c i-iltia to vanti I mr

mammni'i ml it) c'duII('' thu prohatiA) ty Of it miumucvimiruI wtidj)i 4it~c ar~ it r tin

colloy han A omuii:Ivd hill wvajion . Yar oxwitpIr, It thri "t oid nrune 0 hdim nloporicr

CtOCtIC ( C'3 1 KcuIbilliit~y Mid 111h111011- IlpL'cd hU111 11.1.C, lIAut B u lt i r hnt) a gro tr'ic

WellpJUII tahuqi , lifd heni t hi uipt.ioiu to ongocjc! or I It. mulcioJ', hauL. ho, miunt conl-

corn winmiin'r wmi l.13thou'F nl1111itty to firpi firut. Rod inuit, bll auncl tho worth

of hit on uu vi-hi cit in iid thant of Milomiad thu pruobtihl ity of' Ino I'Vi ~ of

om,iihiii oi'i, 1s,iIii Ro ~'tut1~ ld mm331 iii d urlI-ti un wjoiurd )ilt hi v xpovit idIi tutun

Is, cjriltt i Ii o )ilm il c'3jicui i'd 1014imi It if. i ild III 41iiiiphsuiii )Od thut it ill Rod'"

flh oio. 1 v i 1 1.id mirn qric('u I* dccit,11t 1(333 kII~Ii3 HIMi I I',, WONi 11123 tl CIIi' C Oif -'



engaging or anot. Mullis evon with a t~upartor woacton vancio but Irifurior ;lioed

capability, hnij no nuth option.

P'urtharmnrec, with nuporior npavd, Htad migjht ho aiila t~o tintt. acrotts

1111,0111 WOAPOn 001,th 9iaLiti'g IinNdo of lilunlu woeipon'ti turaning HCI~aO (but:

outsiida of ite VOaiponufl ofrtticz radiuO). Thutia arc sioo ria.f the tradi.tionalk

argumonita far nuporior npocid.

Caonor~ally, avcu toianco w ilIIrql roqur a ithot:i 4A cjrootir sltod cpallabill ty

or increahod c~ountoir date-otion caplibility. It the oppaning~ p.latform~ In

a nubmarinea crmed with c~onventional to padtvf4. thrill, dopollilaij on t~he NPOSCI

and nngla on thcu bow (L~rgnct- nnijlci), tho targat. may ba itbto to caiLLtin tho

torpodu.

Renionbu projocitaod tipciads for torpceodom 1.1 in t-hc 50~-00( knot ragioni

honcio, tnay futurn vehiclti with a spood rango of 5(1-60 ar 9I.-OnLol- Elok.td be

A.WITLl VI-1 y ;II Vill t*pa~. to t.orlitico ottackM, agii 1. dasopiai Ine onl tho IlngJn onCl

tho bow at: the Limia of torpaclo fi ringj and a ranonatiibu torpacdr, clr-toct inqi

It O Wii 013J11C) (II i )'III tuiJ n1 ill o tiw l isi ,iuiii~i~i n y 11,(1 cr ilurriI.-u oit,) i iiii0 lRC

with loripjr,intri minilimLIb, thti'ii (colllt vidolvt I!(tl pl ~ibiiih ity hocm.)Iiiw Olew

domintint. factur,r and t~he hurii r tý or til-oui I dor i viiI troini thui~ Abilit~y U,

koop oaut Of W0411101 IWanqrt on1* tho Mtimkolr him )jfe'n dinr-ted,

11) Covli('i whui lw 1:11v (i..Ikor Wll a~ ie.t ( oj(it oct ad v~vaiitie 111101 mich

it ]hc,nej-aanq dititornft. auindiit with itir to imui fat.- mimiii h, tholn littl tbhi-cifit.

can ho dturivodc from atittha up aid OK Couiit'i1 v dl C1t Io Cinpcul dlill , v1 Ii Cc

ili nouiciwor p.1 iiiform can neilthor olu('miaeuv'r nor nvrtid Ow h Iti arLir . Unrbar

4 t~~~hunu entiC] tH oni Ci~c roleu of carivrb hactilw'h .lmrrt ant: iand i~.tii * tho onrcocrt

Milit lia1vc it iFpto~d Yniiqi onO il th rdur or ti In dli cklW., am dwz i he ii

ut' iurwinL t 113 ivcc rocjItiomflIili (-1.1d 11-1)



SiMply "tatakd9 in any ungngc'mont. ril~n- ttior U bunoioL. clurivud from

apead In. a function of t~ht oappouinq p1Mtform typen tagathoir with wrapon

and counter detotacion capability.

11-34



H. POLITICAL IMP'LICATIO~NS

* ~ ~ hr aire polit'ical boiief its aucruiaig fromi grtanter opood c1aoptbilit~y of

naval vohjAt.1vn thitt raoutiI from porceptiori in the natiornal atid int~tjrm~tional fora.

* ?~~hooo benoIfitti arc largely Int-nuaiktI~n nnd non-qmmtiatAiLJYv, hit. Are novortOlulnsu

Thuro aro Havovral perceidved capabilities t~hat dnpotid oti njpctd which onrhanco

daterrancu h~t lowar lovals of. violuon. Thn 1959 Imbannn cr~inin morvom Aui ah op-

propriat.. k-xmtIplo. The Uinitcd Otaton lind madat a1 aotlrtitmanIt to P'ranickoL Chamoun

to provide militnry nimiintantcn# imilucling tuaps, if askod. The gonotai aomn~in-

sum, bojorar tho filet, hold that it would t.,kcl aksout. thron daymi to randor siuoh

amoistahima. Vat, when~ ruikoc, the Unit~nc Eltntncit riespondod within 2.4 haunt, The

rapidity of roupaoime wall duo, in pnrt to the forwnrAcladplonymnwt. pant;kuro, but

&lots in part. t.o tha speocl enpability of thn nhioni aind alrarvft~ involvc'd. TWO

additional dayn could heive' bi'i'i Lho cli ffurcvi bafotwn it mnjor wnr ihroaing~~ mut:

and cocntani 1ngj tho ral at~ivciy nmaill. inIt c-i-it: wh ich had acti~rrrl,

1'orctls t~ fill on tile JIart of .i potential Ia Idvvuri;-.oiy t~hml t V; uivpuiniw voi id b!

rapid, bec~aunol hig~h -mipm)( vh VC11 mit ara~ A nyu vnd , migl jhe1 tha o 0t: lu r otcu ho-I

twoc'n complote mutcauosi An dotorrtiiig advaima~ry tiL ion ~irnd a Oi Lu., tha whlwro ii tho

US iii ombroil ud Ao ta rvimtu . a x or j .1in Invoipmhl of ral-iid ,navvti,nt- of' fnirco a I. m-

ii ary, thu niictcanri of haI n Imu ml no.1lci Mini dv t-crriicv dupmj it)i 11 ,1n110 OKtm L.

an tile apoudl nt wonpnn dolr.ivory.

ThvrP i I a itchnol of thcoutjht whi Ich ha] do thu t., in aaorn fu tmrF cr1 ali, thua

f ir#41. fiujarpcawur ntlvy tilt tim nct'1iu FlidY IM0 LhM 011y 0110. Th~in many uctimc tbout ani

a rcinuILt of tilt C,111101 ttIMIJOY-owCor rokl cimincj I hdt It VAIIIOot. mor ive L rnt;, ~vvalu-

* 1.1ntj lmtyho i&'a 1 t:]0 rfi 4k thatocuitriLUII with diirctut coit'ri tnt nlion and b-i Inq cdh-

tl.cnrrnct rorm jirvcivdfiiorj. Oiko cunuld- aripitosI, tho t.1,1 wan n f'nc~t r Iii thot rictilit.

Us dovilijull Ihot to mndu oIavtcl forcolu to Agilltolk



In ally Ovant, timely arrival h~au value nnd~, cOIhidoriflg thn US arnd Soviet

oyarsn&n bar~ing~ trends, U.9 Naivy vehllcle ripocdin m~ay teike tin addo1rd IimpaIrtilmn nim-

b1bacaure of tho adytirno trond of relative distaiiciaoi to travel,

spoodAt of vohiclon also intp~cictN on a ROL. of i~la~lQ9 tlatiOhM n y the high scian

which will prubribly increase an A resiUlt (If tho rotraintx of intoritrntional

ralti~tonn nuch #,. jitji ý. mila fishingj rigJhtHi jurlitdiction. Trhe rapidity with

which thuj US con roacrt to roportad i'ncuroiaioin will cloterminO t110 O~toni to which

US rigJhtn undor autih roinations 1.1 be violated or honored.

Tho aucco~a of future piracy actions of umail na~tiosot-rj tarrorinit gruups,

puort~cularly involvingj tho rntwut.LLY Or nuclonr wrinipoiis, Might also clop'rid onl the

speeid umptibil.1ty ae nnvyil ,oh~iclan. A 5O-kiiot: iiitun~iganco placrorm in1Jht. have

provaiitid the )'tIII.BW iiiaid,-il witthout tha mubsec~ueiritA emrranaemnt, wit-hout. tha

* t~~~itno of furc~o, rind withoWi ther necuman1ty to it-ly on c~ornpnx couitwiand , control and

* eoiusr~r~L~cIn3ny.;,uoMin.

Ii i idd itl ni to cunheic1ii(Ai cdnt r runt'.0 at 1 ow,'i 1 Pvrin, thre airv tio ervcFii 1 i t or-

ril L Chi 1aIa lind II, I oil Il I pol. I t I ca i i itiij'c~ t n of r ipo ed c) na v.1I vul I.1 c.I ! , prI ut, I rii.1 y

dl 11300in trc Wi tIl thoa "nunitirsi gomua. Thc' nuIok.pOWor W~i liuril uniongt-~ .he iw'.aor

pcaworin and Th1i~rd Natluion (ir j~rHiU1Idk1C t.0 0'i10 (1091-00 rIt) anthiutr hy JorCnpt: kAIC111

Of 111tit.011110til ritrh oni, "thri nov iet. VICI014-c Im (11ki�I1llI3,IVJ.IlO J13 t~he 'Worl~~ ici' u ti tn .. "

QOn fitd n fla uch fi tdatomenrjlt In nuthinrl l.ativi' workii * npathumu, oct.c , an (tvtcnnvcf

thuat tho 13tV1ovit i orct to one clojroo or rincit.luur inoro, advaiwiic'c Ilhitin ini the' 1htuint

Edtat.3in. (Th() Sptit.tilk coupi won it 111 ti] or i tuai Lon out,,itidi thuv re'c.lti or rijuci.)

I'racll itun.ia ly , thu- "wot Id 'n fironvictt Auytthini In cif iumicc' int rprit Iiij c~yk-t-

ing joond publiu rc1 atlionij (31 -knot_ Iuu )") I obtaitni ing pculil It- rocac nitutuo tnid

luayclilt tacj porhaluau, tuncit' t han t hat wh Iich Upocid in It noul I I, I iccum Thupu , ono

usa tioci May Llc c'ir cr riatu Hic t iho1:1 1cini o in Ilco iianitt,' cu 1(111 rcim-n thatI brcooorio



it has tha fastenat plancii, it th.~rorarr liar, "air Iiuperiority,' whichb may or

May not be trkiei but the t~tatmccnt. itaelf in ~ onocith to muddy the watarm, creato

doubtli and atherwIno fuet tho firo'4 In US-Third W~orld rolaLtonsirhpnt.

in the national forumn, anc can ba obnervon3 in pro -votivriitLon activity

in bot~h t'ortieti, the iiumbovo clame is cont-Intim11y I-xing jIciayuc, Thus, otlc'

boon many ritatainonta basud on nuhmtiut regardlncj who ins unporior J.1 mni~ltinry,

naval. and air power, Speed, a number to which mout. people call raiatce, mill

he uscid as an arquitont: for or arjainut a parti~culetr ohiCI. The "Warld'ni Pataste

X-Vehiclci" could eiasily be pointed to an tin nccrompl i shmo tt. of ein Adittli Fict ationl

or Ca: *roAml railura to ac~hiove t~ho "World's Panctnt Y-Volhic~le could ailsoc

be umed ats a ceiticuiurn. Whilra pornoibly unrulat~ed to dilrect: vilit-:iry capilbil~ity,

the intangjible impact. of nipeed in such p,13itiCal SituA~tioA~l in riono11t.11cuIP11

'lh're iA mctI 1 anlotlcr arna whorain spcccd oF niavr-l vc'hiclos Impacts

In a non-military, politica~l anid Vairy Y.eal way, rc'-iultinqc frnm thro art~ual

une of ripc-r~d raithcr than porcopt ionl of nuiCjol vioquir tot innI or 't li ficlit cm,

the )ho.Ller.

1r111( tUc-; Ai ont. 11wwlyn (qoo: to. t~liv adic of cli ;iantinr vi ct ini!., part ieuidrly

whon the arc' n I ci avl~cc;uilv hi ro tm the nucc Ti nVer y roccnint H:Imon, f-or t~xeimp].

aid wav procvided to earth JLOInak victiinci. in Cenrt.ral1 Anc-icrl and fcit IiiIt i y.

bccnofi In in I lic inmdc or' Itn own ci Li 'inn, t.hno ace ivirut-Ld, anld uti I NVIVe.OC

ohciccrver ii 1inc faciet cil( -lit'hili (comnice. (or sloctivi li Ct it ir C.occi niq , 1 . v. "ai

hight Hncpnod rc~cval anid Imorchl lct forco i no.cc illr ''C, il. qcccatct thc'

Impact of lincici becnef.it-;c, wicatover thiy waiy w.e

11-37



Lastl1y, t~horo In the mtnro tochnology ti~ro rnrisfor froin thu rosoarch

and davolojnnont of advancod naval vehicle aonc-apta& to tha privnta sector.

Trho benpif to of siuch trnrnfofr In a two-way street. The privaite sector ur.ue'1ly

cannot- afford tho ranearch C~ollarsr a-id, thus, bonoftits from tht) raoultn of

nmialt.ry roscmnrchi tho Ndvy miqiht not havoa thb'ý conritituoncy to support tho

advance~d concepts Into production, which is provi.dod by, for inatranuc,. tho

need for such concaerti in the private sector, In the norospacro industry,

teuchnology transifer of this kind has cocnotahtly occurrod. Soma examples are

the firnt. large~ jot ptknsnynor linersi (707/H-'52) and tho widu-bodied air flaoti

(747/C.-riA). in fact, this could be one roemon why the LA-1 without its technology

transfer civilian cuuntuvpart (SST) in oxperioneing a grant: duaxl of Lroublo with

detlayn and funding. Tha mnilitary incentive ici proaont, but the private sector

incentivo, IL 'antinig.

silloilarl-, an sr'; for puraly militfiry put-pc~-on may find yrentor difficulty

Ain obtallii vj sunjri in rpport. and npliovarl wit~hout vonurrerrrnt support of the

appropir int pr ivat p noCvor, cq., U9 mnrc~hinnt bl-111I ri.

In nuiruniiry , thoro itt' iiovoil iiitawii~Ihipli-n viwft-n to] he derivod fromn spood

which oine rh lid liff1 ctiit. to cdeinuni~ruit r( cun~r;l til I vol y , blit- which cli.rc' worth

iltinflt irnin Iq -and pi!ovidinc wjC(IFic!hiotr



IVICTION !Vt . TM~NSIT CPEUATIONS

A. INTR~ODUCTION

This seoction inveatigattns the utilit~y of allned in trarioit operations.

(A later ovat~ion will treat the specific problem of speed in convoy opera-

tions, a mpecial enna of t~ratuiit.) Sjpeod affoctzi transit in throe wcayn.

The firot. way Ntratngly idrfcctm fcrco lovaln by chaniging-q the limotint

of non-productcive time sponft. in getting to andl from an annigned staition,

In thli n ppli-cation, it in annurned tlaeiI. the ininnion of a vehicle is to

tranniit from a baseo to a station momoc dititanco froin base and perform

somo tank rmuch aim beirriar, senrch, dato c illoction, ota. over Dorne pariod

of time t-fter which the vehicle returno to its base, which need not be the

base ot origi~n. Thus, the total time in a cycle Is the two way trennnit time

* "111A f-Ihn ii-G
4 

pilftmi- ,ni vi4*,i-
4

n,v h mlitr-, it 4.*.,** jvncrzl1j boc apaIbic

of at npvc~ific inaximuitn nniclorarinc, notl by ntareji, fuel, pornannol, innintonanci'

reqmiirr~miwnnfu oi- other limiting Eactormi, For a given tcuLal oidiirance, Lhe luns

time npant. in t~ratiit I, tho mort) t IWOa Canl 1A r'pont on s tati on ancl, thurafore,

the more utilizrui~nn that uc'n bc! tcal i.od from each vehtc ic. Thiu~i, greaiter

speed of trannit cain provide higher vehicle utilization ra~ita aind Uthorefore

lower fociu lovol'n for a given total L.ank.

The fitcncild I tm'ucnIPl~ati all of tho effecr.t of' nucecl an triniusit dn&1lti with

the acriniomic co!i ti of' truiinpoi'La Lioni and imnj'cw u lemn cm the mntric t..y wivitl

probI ine. Thhln offoci dlooen howavar, roa otv. to advancad vehiclon or all

typev, The pri noipa;l t r;douort Wo bil cannidrerud iLi tcoznoinic and i u r~ltfl

to thoI facrt tLiit thorc eirv wonttj anviociatt'd with LraIMu-pot Lattio WithtL clnperii

solel y nnoi ed I ricrvanv; wIt titinn. 'rhunu coitu arvir (1) tim tim In cupc'ndunt

III.-1



Costs associated with operating the vehicla, and (2) the "intorout." cost

associatod with the investment in the nargo. Theseo time dependent costs

increae with time and therefore arc reduced by higher transit speeds.

However, higher transit speeds alno operate to increase aoste bo•cae', of

propulsion and onergy considarntionn. The more valuabln the cargo, the

higher the time dependent cost factors and therefore th greoator the in-

contive for higher apood. One expocto, therefore, to find .iffEerunt opti-

amum speeds corrouponding to cargoo of differnnt value. 'rom experience,

coal, with a relatively low value per ton, is tranaportud at relatively low

speeds while military cargo, at a higher value per ton in transported at

highr'r opaedn and high value materiels such an jnwelry ntid proecious mataln

are transported at etill higher speeds.

The third treatmont of transit spoot1 deals with the problom of a

sustained loqintia support operntion in which a steady d.mand at the and

point requires a "pipoline" of goods from th, t.upply point, The ic.uired

number of platforms, of a given typn, to fil.] thin ourstinnd dnmand i1i

determined by t.he upeed-capacity -irroduct of tOic. platform ned itn load-

unload rate.

II-2
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3, T1RhNST TO STATION

Analysli of the transit to station oase makes une of the idea of "base

losm factor," first introduood by one of the authorm of this report in 1963

and used in the OIVNAV Mid-Ranga Objectivan publication (MRO-70) ýublishod

in 1966, , Tho base loum factor (MLr) im an "overhead" and gonarally defined an the

number of vehicles neassary in the force leovel to maintain one fully utilizod

In some task. The general base Ions factor taken into consideration time

in shipyard overhau.1, reliability, transit time, training time, and maintenance

time, The cderivntion of the general Bi.tformula it% given in the Appendix

(Sect. A). For the purpose of thin analysis, only the overhead associated with

going to and from station is conaiderad. In this riano, the bauu losu factor

reduco tot

DLV JT

TT T A

- Tr + $t

T v' two way t)'nnuit timn
Tr

Tst - on station timo

,,V'r T r

TTr

VTs transit Pipood

D , two way trannit dintorc,c'o

111-3



Vigutra 111-1

Numberg of Out~-af-overoolu Platforms R~eqiiired to Xoip Onri On flttition (,Fl)
As Function of flpned, IPndurancun, and 'Irannit. bientwire

I -. Demo Loani Factor

'v Trnnhl~t: Sprad

r Fr

C) "'Vwo-Way Transit

2

V Tr T
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Number of Out-of-Overhaul Platforms Requirad to Keop
One On St:ation (WiP) Au n PtunctIoti of Spond,

,ndurancu, and Trunait bimtance

The purpove of this graph is to display the relotionhhip of Hana loss Pao-

tor (BfLP) to transit speed, on:durnnco time, and two way transit dintonce.

Deeim for Cn.culations

This is a plot oE equation A-S.

The non-dimensional parnmeter X in the ratio of the (transit speed) .(undur-

anco tS.-o). product to tho two way transit diuvLan.o,

Principal. PointsA

1. For a giver vehicle endurance, T., and diutance to Station, D, X

Is simply a mooN'Irv of spood. Thu DIX falla off vory rnpJdly between valuos

of A of I nnd 2.

2. The curva &showo grent:ly d(ininitihinf marginal roturti (in reducuing

HU-2') for valuos of X beyond 3.

3. IRtaclling that the ULP in the niunbuLr of vuhiclo.t In invent:ory

(atter accouintiiij for overhaul, treiining maint•ti•ance and relinbillty) ]aquijrud

to kocp aite on pshutaion , thore JN high p•yoff in reud ti.-j 111.r. Iocauue all

incroeae in A (i.e. . spooc. for a given T•r nd I" beyoyu' current valmon could

be coatly, t0h1 Cou.iot profluMUnr; such radwci(itln muit bu conriidur(d.

4. The offutt of c~tnjon in A t.hrtigJh v,,illt ton or 'I, find 1) aro di•(iunno(.1

* N piLur'cJtetit I y.
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Induranco Trime Versus Transit Ipuod for Varloun Consatnt Wel
Par a Givoit Two-way Distaiied to Btatioii

PulautTo show the combinationim of two prtincipal vahicla design

parametors, oiidurnnoci timo, and trannit srood for a conntant two-way

diultahoe. to stationi (3000 nmt) for va1rioun HLE-I.

BAgiq for the Calc~ulahiont A two-way dintanca to utation of 3000 nm

mighat ho tho round-trip diatnnco to a ipi~d-Atlnintic oporat.Ang area from

an east coasat oportrt.i.nq base. other typical *ninntan dir~tancen arci

fiMicuion Nominali
hreaam Iintanco

(~oantn11000
Mid-Atlantic, 3000

I~ir~tt~~$1flHC non
Tranb-Paiidfic (Itawniii) 7000
Tranln-PaviNo (Wont~ (onut.) ;.3U0

1. Thn tol lowinsi tablo 1. tiunt rntfn thu antdurantic'vu ULht. would ho requ iruo for

variouu Wi.tP's and trottoiffi mapoedu.

) odurantiro, t0qtiirm.

JUUU nil% 3000 111
Tramil. Spm MO 1IdA L Two Waiy rwo Woy

10 - 70 kim l6 1 aI.5' -. ' Ia~ 1 l.7.roI

30 - ViG knollt I I 4. R dityt' 12~.' *. 2. 5 damy

200 knot ij I . I ý hutirbi 45i hUtiri
500 k nLH 1 .5 6 hourt I(I hiourn



1 2, Isimila;ly nonutructsd groplim cian servo um numogruiinn for mimrnicn transit

dintanco and required cambinntioau of forun itwain nand upood-¶tndurancem, praduatdi,



C.* T)U\N3 P1 TO LDjF;.WrNATIJN

The. cost of traneportntion isL aunalymod for a singla platform trannit

from a point of origin to a dantirintion. 1Z4iondig and unloadinig raLe. at

the and points aro not considered in the siingle trainnIt calla, bmt will be

treaited in the next sec~tion an auntained logistic sutpport operations. The

cost for a single transit dopandm~ on:

1. Cost of the goods boing trdnnportod since the dollar value of the

goedo could altornately be invontod at somo rat~e of Interowt during

the titan of transit.

2. Time dopandont. cio~tn ausociatud with operating the pllatforin

S. Spead deopenden,i cont related to energy Consumipt~ion.

%,he valueo of the cargo at the origin In the nwhber of tonsa of cargo times

thin value pa~r ton of cargo. Tho value por ton of cargo cnn be expramoad

4a he vlwlin, 1rvtttuu L1hu t.iiyo or wuliykted doliLar valuo wt.-in tile cargo

has a worth hr..yoncl tho intirkot value. The cargo valuo could ha nlternotoly

ihlV~fltQd dlULAIIJ th11 titnO (It trannportnt.ion from tHil origin to thle dONLtinot-.in.

Tho Jxwrtinn of tho f.ot~al t-rnukulprtnation cont wh ic 0i u n irnignel to t he carclo

i~thulf Is t ha cargo vulun titaun tile i:vti~t mont. roteo t~iffiul4 the trannit :ima.

This fzaineworht can be: uuncioptuil ly applied to mi~litary opu~ration::. In

thin yuani, carc.o val~un would roflvcLc tai-lit~nry uti lity rathor than clout or

autuatl dolla:r valut). The Inotrouat rnte, t, would bo o invanurn of urgency

or cr1 Iical naturo of' tho del ivery. Queoitiri cationl Would 111votvV rlubjoct. Ivo

Judc;niontoi concerning the actual military worth or. t~hu cargjo (cv~ oj'pc'ncE'd to

aimpla dollar coant) and Oth Lima dopc':aconvy of thiii mitlli tary worth: in n

dyncamic conralicat or cr1 un uituot~ion.

The tranraporttlion couts.i duo to the pnrticulav pluttorin unaed aro clividiid



into the platform opornatng coant (upued indopondont.) and the energy conmumption

Costs (apopd dopandont). The platform opera'ting ooutm includo do'praciation
of the platform and equipment, poersonnel costs# maintonanna, port f•ae,

overhaul and special cost. duo to the pArticular oexrcise. 'T'hose opnratin.

costs can be oddod togother and divided by tho product of tho lif.otlme operating

hours of the platform and itn cargo capacity to obtain an average platform

operating cont p•r ton hour.* Thauo co•a• wore naoumod to be independent

of upeed for thia study. Some of th•s• coots would hoomae npoorl doponda'nt

if tIho plptfornm utilization varied bLv6 ,e of changos in upeed.

The ipoed depandent uouLtN were identifiod ao boing chiefly rolatod to

V energy consumption. Energy con.umption Is a fuunction of tho propul.ion systom

and the mode of transpor t.

The total cost of transportation is comipound of tho opportunity voa.t

V plum the various transportation cot.s. The transportatioin cciOi pr t'.on nilo

in given by th- oxprnnniuni

T irjor t-atio!'io'n . .c: .' c1
Ton ila V . C

whoroc

C o coatO of guodtt (dolliarn/tor,)

I w invstmonet rmto (i/hour)

CI w oppurt.ni.ty ouht-i (dollcirn/tcn hclitr)

Co W opprdtinU coiit (drill iru/t.on huir)

keforuncon for olperatitig coa t: dat. a ici ' l ' rhj.t... IItjy. Or.I.IIfh I.' . I'L.Ic
Wattircroft for ;,,le'rt.d MI %tlIcjIlrL Of' thiM ' i u Iih| III (JLin(i0t fhot..vid |oml'k

mact 7215.30, Cuiator for Naival Auialýniu, NovumbII.'u 3972~.

•%•[:.,1•b ,• e ;;•.• •;;"Ni,;,'•-•;,' I I•;;'• I- 10 i;:, •' .. .. .... .



k u proportionality oenotant rolating spoed to fuol consumption

V w speed of transit (knots)

a a proportionality constant relating fuel consiomption to mode of transport

w 2 for area lift vahlolon

a 3 for volumo life (displacement) vehicles

kVa energy conoufmption anat/ton mile

sirmplifying 09humphitions will ba reada 'nhout tho sum CT + C , If C is
0

I unit ofý coNt par Von hour. tho question arise, An to how high the vost

of the goodue C# can be before we need to considnr the opportunlty costs.

.n urbitroryp but ronaonablop annumptiun might be to dioreyard CI unleas

it Wo:0e at lCut 10 of Co0 that i.,

,1

C

bat uri ou~pposo that Im2•Ot liar annum ("2R,3 X If-) por hotur)i thon the product

of C tijmpo I I,. ditirtiynrdod kinl~nan C in on tho ordo~r of. 4400 C' dollnrii

00

par ton. T'hona uimpIl)ifyin numitnptifnn are made in V'iguras M::-3 and 4 whilih

indino~t. the bavici dopwnmdaovo of tranaportat, Jon cost on vuh/cul "ptood And the

smintorIna or rJ-t-imuh i•povda. i.lju'ris T11-5# 6 ..nd 7 i-,!orpornto tho CT product

and indicate optimum speed Aind rnxjgo value 6ombinntions for the indicatud oporat-

nconti .).

Tab].o 111-1 ilitliuat~uH cururnt. (November# Jq?4) caryo valkian of soloutod,

critical1 ratw mttorilml.



?.tgurc 11r-3

(Arna LifCt Vhitcloil)

Transportation Cont (1)OILIVD/Ton Mflo)

Ik

SI.I

111-131,11hor



FIiuri lIT-3

Transportation cost vorsus spnod of tran•it am a function of operating

eost, and fixed fuol consumption proportional to the square of the transit

speed.

Thio graph shown the rolationship between transportation cont and spnod

of transit for a single area lift platform making one transit,

Basis for the Calculations

This graph in an npproximato plot of Iquation A-30 ansuming the CI product

in small onough to be ignored. A fuel cunjumption proportional, to tho squaro of

the trrneit ,pond was anssumad, This raiationshiip in valid in the ,poed rango

of thia graph, which might typically display the transportation costs for flying

platforms.

The solocted operatinq c¢osts (C,) ronroionlt the vAriro" imlm ,-F -tmn-rt.

Por example, A con, of $100/ton-hour may corrLspand to a medium simu propeller

aircraft and $250/torn-hour may corrvnpond to a ]argo jeIt airc~rft.

1. For a given operatinq cost, there 6s kn optimum spucsd of tran:sit which

minimizon the trantiportaticot cant.

2. Tho opt imum spued of transit anO thi enrivi•nposnidtnr minimum trarisporta-

tion cotit: iIUQIHVd!L' With III(:It, del1llg ojjerM-Jn(. (cort.

3. Somo |ipe uatcp. cxlm,1 e aroei A tranniit s*pcd of 3G knot.n lo opHtI'ntlM

for an: opusratlng cunt. of $100/ton-hour. Tho minimum trstriuportation coat which

occurs at thin npuod is $0.403/to: mile. 1.or an opjre'ting coot of $250/to|n-hour

tho c'it Lwum fipLeod of trurisit- in 500 knotij and the minfinuili tranupor tit ton Conit is

$0. 7/rton-mile..

S.,' _



Figuro 111-4

Trantpoartation Cost Varruua Spood

Tranraportationf Cosit (tDo11arni/ron Miliu)
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Fiyuro 111-4

'Trarnlportntion rout Vormuo Spoed (Diaplacomont Vuhicola)

This graph shows the rolntionnhi.p between transportation cont and speed of

transit for a singlo dinplncement platform (a-3) making one traniit,

Dasis for thon Caloulationt

The basis of thin graph iu mimilar to Figure 111-3, except that in this

graph a fuel consum•ption proportional to the cube of the transit spood is

assumed. This rolationship might typically display the transportation coats

associated with volume lift (displacemont) platforms.

The selected operating coats aro repreaontatiVa of various existing modan

of transport. For axaniplo: a cost of $0.1/ton-hour may correspond to a large

cargo ship and $10/ton-h1our may correspond to a smaller high speed. murfaaoe plat-

form.

1. F'ur a gIv•n opc'rat Ilnq c'ont , thr'ro An fin optitnum npr(, wh Wich minlimizan

tho tirannportation tout.

2. The optimum speed of transLt increanas wIth opcrating cost and hall a

corronpondingJ Incroaue in trnr•iportatIon cont.

3. SoMno opacJfic oxOm1)1uu arGI

For an operating cost of $0.1/ton-hour tho optimum npood of tranlnit

in 42 knot|i and tho miniture tranaportatiton cost in $.002/toj:-milO.

For an opor:tinLg cont of $10/ton-hwir Iho optimum eBsead of trantult

is 164 knotu and th, minimum tr-nuportatini conrt in $.104/Lon-milo,

111-15
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Figure IIZ-D

.argo-Value Var, s Optimum Speed

(Moderate Speed, Displacoment Vehicles)
r

Thin graph showa the rolntionship botwoen low to medium value cargo and

the optimum speed of transporting the goods for roproventative oporating costs

of moderate Rpeed ditplAeON(Int vOhiClIO (a-3),

oasip or the Calculations

Ilia transportation coat equation (Enquation A-10) was diffeoront~ted with

rospoct to spoed to determine the opt:imum speed of trannit,

in thic graph a fuel consrumption proportional to the cube of the transit

spOed was assumed. This relationnhip in compatible with volum" litt (displace-

mant) platforms.

Oporatihig cobrt of $.001 to $.I/ton-hour were chonen, and might typically

represent surface trmiuport rainq1g from low spOod tug-in-tow to conventionnal

cargo nhilm.

A fixed invoctnmuit ratti of 2O%/ycar, whictj is oqunl to 2.3 X 1OS%/hour,

wan chosen.

Prin~cipn]. Pointn i

1. Por low opurnLinq .oritso (, OO1/t.on-hour) th0 optImum spood of transit

shown dorinite nonmitiviLy to cargo valun,.

2. For typical operating costs of convoentional cargo ahipe, the optimum

spoed of Lrartult 4 i tolativrrly invonr4itliva to c~argo valuori over Cho inditoatd

ranige.
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3. Thin graph illustratoe that tho optimum speod of trinuit in directly

related to cargo valuo in cartain woil-dofinod regiona.., i.e., cargo Valuoe in

the low to madium range influence the optimum spood of platforms with vary low

operating cost,

,4 I
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Figuro !116

Cargo Value Vormus Optimum Spood for Vatrioul' Oparat-ing Conte (Diuplaoa-

ment Vohtiulos).

This graph ahowu (for dimplacoment vahicilaa) tho roilit~ionolhip b2taoLwe cargo

valuen and the optimum tipora of t~rnnaportingi the goods.

Dvsfor tho CnOlUIctilaton,

Tito fi~urco in a plot of Lqsuation A-11 for dIklua~comitiot volilcioni for a range.

of valuos of cc).

* Thii trannportation cont e~qua~tion was dif~forc'nt~i.at~nc with rii~pact to spot-ci

to datormine tho optimum npood of transit.
V

In thP- yr-ý'yh :fuol consumnption proportioniil. to on cub ofh~a thci tronnit

spouid was anniumod (ni - 3) . Thiin rolutionnihtIp Jo (101oIM1,pclt hi WiLh cUli upiuuemc-'nL

(I.o. , Vohunultio1ft) V011lohn.

A fixod I cvostmwjt rato of 20%/ytunr waN, chcncin. Thii n Ii oqunl to 2.3 X

In %/hour.

1, r ki r. JVai .Io!tinct ý j

1. optimuinI trannuI I upcoed in netiniit:Ivt to ditt.e.lu(orcinrt-h .1 ~icktiim or nicoI ~ ~~opeartingj costs and vcarqo valtirna, Irojectodc i~pcinc caipahillitil A~ndjo cipora.in~i

contoj of voh ides n Iintify lirtofer rvi t:ramiiu I:sin~itmict (i~n t.orm-ni of cni-tin valunij)

for nuch vehcihlonu.

2.*A Ifirtiti titj ilIImd ofT about. 50O knuLFt rit. f C di zrplICrlMunt 111111111 4111d typi c41.

operatincg czuutti of $0. 1/ton-hiir, m:nik thoin ~itplrLopr i l u for varvco val]uon til to Litt,

$1 ,00O-3,OOU/ton ranga,
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3. Ir lighter than air (LTA) vehiclos cnn achiovo Cm Pof about $1.0 to

$10/ton hour and apeods up to about 150 knota, thoy may bo appropriato for

cargo valucn tip to about S100000/ton.

111-2
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Figurc 711-.1

CnrCJo Viilun Varmunr Optimum elljood

for Varioum oparat~ing couts (Arud Lift Vohiciab)
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Piguro 111-7

Cargo Value Voroun Optimum Rpead tor. Various Oporating Coots (Area Lift

Vehicles).

This graph uhows for aroa lift vehic).oa (-w2) the relationship betwaen cargo

values and the optimum' apood of tvanaporting the goods.

Lasis for the Calculatio n

The figur is a plot of Equation A-1L for the indicated values of Co. The

-6
curvas aro drawn for aroa lift vuhilw;l. (c - 2 and) - 106).

Principl Points'i,

1. Aii ovorlay of Fliguror 111-6 and 111-7 indicates a close match at a

Cc of $1/ton hour and iipdmdn of. abou't 75-100 knots,

2. At cargo valiion nhovo about $100,000, aro, lift; vw ldClem are. proferablo

(optimun. upooclad excaed 100 knota for all opurtJ nr co•itu)
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'Pabla 111-1

Critilcal Itaw mat~erials

WoWValu~i matLwrial n1ýv 1

Trail Ora21
3Votaft .1

Mangacnano Ora 7g
Zircon a

Medihum Vodlm Matarial

Zinc 305

Load 372
Auboactoal 42Ff

A~ntim~ony 744

Cojppcr 1,2 1 o
Ni vkV 1 .Il
c~ul urbi ur rTintad utim 3, 2.[t
Cubti IL 1,40C

813vor I17

Rrocrtir u *IN IAN 1A' i w,~ *MI~ilt.1 o;Ar)p~t i~lr I'wito "II'ra a nd t-1hc* V t
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D. bUPITAINIMf IAMfl(IC SULPPORT

Tho sustained 16gioticu support probloin in bituilally A pipalkno of goods

*linking a supply point and a deatndn point, wherein a la~qu amount: of tile inatarial

being tr~ansported is an rout~a. This Analycie deals vololy with. tho number. of

platformui in the pip.olino and at Lho and pointH, 'Tranclinrtation to and from the

and points in not conntidarod.

The nutnbor of pbaiformA raciuirodl to fill tho pijpelino i iMi given by tho

axpronsiott

where,

t m~ time inter~val bdtwoon platformti Chourn)

D - ono-way transit distanc~o (11m)

V N~ 'IPvd of t.,aiijait Cwdi/Ihouli

Q - rnjn'Ou~d co:-irdtly of bho plat~fnrn (ton.')

r boU&dUrIlOnd IadLo (Lanu/hour)

The in ,annd r~n Moa. Chn ond poit oh con t~b nvd Jn L bjy hOi fo~llowi ng raIait i on

whare,

T 1- Ltc al1 tinic. of' thc, fj oratlomi

Q-totniJ. intiolurit or tjprcdim rucitl r(d

j i'yload1 cilijnaity of anch pla0trol-n

IZ-2



The number of platforms raquirad to fill a spocific pipolino domand ii noun

to be determined by tho payload capncity, tho luad-unload rnto, and thu mpoed of

the vWhlolN, Where the number of platformn ir n oritiual cornidoer'tion, incroaauod

speed can bo important in roducing requiramontu, parntioularly for P)ipolinfs ovOr

long distanceo.

Thoero ar othor factors which can influonco the o.ffootivoncona of Lranalt

speed. The valuo of momo typen of porinhabl.c gooi may drop off nhaply aftor Pomo

arltioal handling and transit timr, Air trannit,,system coan dolivwr dirootly to

inland loonatione and avoid the addi.tional hnndling and tranmitI costs of uno uurfaca

transit.

The ohoico of tho modo of truntd.t of goods mny bo .inllumtncud by many f.to•,ui.

Sioma of the mora obvious are,

4 The vwlua of the goods boing tran.sportod,

C Loattb ot: aOJ.nlyu4. diinieju or OlbLls ini LtiiiaSIt.

e Critias.L timo f•ctortN for vortain gjoodua under ce'rt-ain oialcitanict'la

(such as food, medical supp3 ', ildac.ron11cc equprn•nt):

* Cnaon where only ono Vnrm (It doliot'vry in ,Vw1t.ih101•, (0.1j. , Iirl~in Air litt)

The acbove* mmy apply to tho "aid line" t-m t.it, n rit,,.•t ion Pruh lcem ana wall

an to tho GSutained logi.at.Lan (Pipelino) Probirm.

P'ram tha point of view of tha affuctivonnn" of. vehiclo a.lmnd In a A PIPOlihn,

the princ'ipial v•rinblu of int.ccrast Im tha nunmber of plcat.Eormn racluiraod to IILiIi'lI

a givun rate of dnlivury, 'nI.'le TO r1-2 pIrov.idon in baunui ror t'hc rol~icwing f•ticuron

which addrem this problum.

il -2



Table I1I-2. Number. of Platforms Roqulrad t.o rill a Pip4,line Zur
Fixed Twc-Way 'L'ronnit Distanco of 0,000 nm

and Unloading Rate or 60 Toho/liour

.( ) Conceptual or Plannad

Nominal Spood Range Type Speed Payload Numbor lRequirod
S(knots! (knots) (toils)

15-35 cargo ship 20 4,000 12
Displacement Ships cargo ship 33 20,000 5

35-60 Pall 40 is 1,145
Hydrofoil

60-100o (9') (50) (1,300) 14
ES5 (ACV) (50) (700) 23

ACV ACV s0 20 689
Airship 67 60 174

(ACV) (70) (70) 144
(Airship) (70) (110) 93

100-20•. (WIG) (195) .l•),7
WIG (WIG) (200) (65) S6
LTA (WIG) (200) (870). 8

200-600 (WIG) (21.) (220) 18
?'ixr'd Winq Aircriift (WIG) (230) (320) 13

C130 300 23 103
CSA 500 70 23

1I1-27

"A.



F'ractioni of~ Platformn 1RaquJur~d AWhanramptuinrad to tho ilge3 Ctisti to Fill
A Pipc'lincs for Various~ VooiYCPC~ PArdtionghipm

F'raction of Platform~ Roquirod
1.0 ) 3,000 nm,

Nomivi"d tci£ l~i

dTo n sicn

VQp *400,000 to ir, m

.4
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Figure II-8

This graph shows the effoet of unloading/loading rates on the fraction of

platforms roquirod (compared to the base case) to fill a pipeline for it given

velocity-capacity product.

Basin of Calculations

For any loading/unloading ?late, (r),. the number of platforms (n) requirod

to fill the pipeline is proportional to:

(toxt, pago £II-25)

where, D - length of the pipeline (rim)

V VelooJty of a platfo'a:i (knuLb)

Qp paylo"L capacity-of a platform (tuns)

Selecting a nominal vnlio of r (in thli case - 60 tonm/hr, which is about

the rato for a C-SA aircraft) and normaliv.ncg ti to a vnluo, of ona for thin rate,

the relative number of platforms required for any ratc r iei

12 1

vQp 60

Tho figuro plots this rnt.io (fraction of platfornia required) for valuen of

" from 60 to 500 tons/hr. Curveaii arc plotted for two platfuri opuod capacity

prod u' t*t

•35,000 ton miloa/hr, which is typical of the C-SA (70 tone of cnrgo

at 500 knots)

111-29



, -400,000 ton miles/hr, which approximates a standard merchant ship

(20,000 tons of cargo at 20 knots)

PrinLaiw Points

1. Tho 'elativo number of platforms for a fixed volocity-cargco capaoity

product deoreasae as the unloading/loading rats inorou•os.

2. Vor each volocity-cargo coapcity product, increasing the loading/un-

loading rate produce. diminishing roturna in reducing the ruquirud number of

platforms.
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E. SUMMARIt AND CCNCLUIONS

Thu utility aj: speed in transtit was invostigatod for three coaes,

t Transit to station (base loss factor)

0 Transit to dontinntion

P Sustained logistics imppport

The analysis of transit to station minde use of the beane los factor,

which is generally defined 0s thL number of platformn necessary to maintain

one on startion. The principal parametors in this coce arot the two-way

transit distante. to station, trannit speed, and the total endurance time.

It should be noted that this analyuis focuaod on the impact of speed

on the tvrnalt to anJ Crom otttion. Thc grnral. base lose factor concept

can be xeadi)3' eixt..t,,d to inol-udo other paramolcrs muu% as the impact of speed

on time on station, mallLtonanco timv, training time, and time to overhaul.

Tho priticipal points in thu tratirnt, to station aro,

• Increasing Apood of Lransi t can reduce tho bose loss factor (lLt)

Sharply diminishing ratui:ns set in at BIA's. bloow about 1.5.

e The imp.ort-ant considoration is the offact of increasing transit

uupood (V) the total ondurance t'Jno ,r) . Thur, the VT product in

tho .imjiort:aht mnosuro.

'ATmi itvount.Lg9ition of thu trallsfi to deLstI nItt ICm (connrmictc of transportation)

I Illuminat•.e the utility or Npeed throtugh the anncc'aitnd valtic of time in transit.

"The timne depundc,,t. fIctorn arat the hourly oporoiting coottj of th. platform and

the •limvcmtory vahurt of thi qoodpi while in transit, Thmqo timo depundeant couto
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increase) with tima And, hece, arc reduced by higjher trainnit aipondcl. Hlowever,

higher transit spoada incrcrnne cosat duo to propulsion and onorgy conaidocrations.

The fundamuntal trado-off, than, is batween the tints depondvnL costs and the

energy costa,-

Trhe principal points In the economics of transportation arai

M A optimum vehicle for tranoporting cargo of a givon valcio can be do-

fiihoc by a combination of tho timu dependent coatu of ovaratIng tho

vehiole (par ton of cargo capacity) arid tho vahiolo apood.

e In general, for a givon time daprnident operating coat, the optimum

trtinnit ripond is insansiitive to cargo value up Wo a critical. vaiua.

Abovo this valuci, optimum transit upewd inoratiou mcriot~oniually with

e'argo value. These critical cargo vitlues incranno with .tncroamintg

timo doapodunt operating costs.

e Trnmnulft of militatry cargo -nvmivoni mjhiiýary worth which coan fur wox-

coed n~rmplc dollar vnlue's anid which ntimy ho highly tinto elopomdunt.

Thu analysis providon Li huskic frionework bu(t stihJvut-No~ jimdcdiuicnta

are tic-nitonry.

The third camet of thu WAI~I t y of apeed ina tramnsi.t i nvostti.qutc'd iit uitiOattnd

logisticfa iaupp~ort operastion. Thin oporntiuii wan cnii-niflorod nim a pi.1)oiiic or

goodn. wharol n ai large antmount of the maiterial Uci ng tratnirportud ia ciii routa.

in thiu unno , tho pri.n cipa rinoarturn of oi taetivonncitt ltu the iurtiWr of pl t formna

raquirad and tho critice.1 paramut~urM eiroi Ohu tranitit. apcwd, Lho payloadl capic-

Lty of the p)lat~farin, Mid LhM locid-U1110fd rFiltOc'n

Thme pdrincipal po inmt Iii tlmc muntaltoie iivci u:itit I t nuluimxip L oparii Lion In thaui 1

*Thu riumubur or p1 at [urmn requijo rud to nurit Id it the ojt'rnt ion in titronclly

dapudemit Oil th flo 'tp'id -payl I ad procducat: ofif jAup t; torm arid tho loamding/



unloading ratom. For eaah apoaed-pyload product, tho equilrod nhumbar

of platforms is reduced by incronesing th londing/unloading rate. Hlow-

over# there are traltnbeyond which, diminishing roturna are ovident,

For exampla, for a speod payload product of 35,0oo, the Aumbor of plat-

forms requirod ait an unlonding rato of 200 tonn/how? is 131 lois than

I. at the nominal 60 tans/hour, At higher rates there is no further op.-

preciablv gain, POr a apoud payload product of 400,000 the number of

&utfortms required in 60% fower at a rate of 400 Wons/hour and continue.

to show olight gains at vovn higher rAts.,
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SE CTIoN Iv. CONVOY.oL-j.:WrA' oNS
!S

A. INTRODUCTION

The purpose of thin chapter is to determine the relationship. between

the more important variables in Convoy nporatione end the ratios of speeds

of tihe various forato which ar, involved in convoy operations. To focus

an the speed of forces involved, eomm aimplificationo have boen made which

will be described where applicable.

Studios over the laot ten to fifteen yearo which have examine4 the

problem of convoy oporationn have generally limited the convoy units to

present and near term ship propulsion tachnology such thait only small ranges

of variations In M1Peoal of convoy ships have boon considered. This has also

generally resulted in ojeoantially fixed rulat:tonnhips among convoy speeds, at-

ta0,ua, opiouae, haid ,Ltitket woupoti Epopeds. Thus, tho ntudioa nave 0c00i cnaracter-

imed by complex computer nimulations to datoet•mino, 'usually over an entire

cempaign of several monthu, the offsets of varying other paramutror, such as

nuirbor and tpncing of ships in the convoy, numbor of atincknr~i, kinCdh of

weapons and sonnors, etc. In the studies r.viuwed (.,c. , BANEIX T and 11)

the attackar (the enemy) wao charactorieod by a submarinte armed with torpedoes.

In those studios it han boon assumed that the uni of mirioilars in not warranted

againrt convoy nhlhtpo. Th11r,, oll of the partinetit. spood vari.abl.s have b~eil

conf.fiiad to very Finill raii'gm of variation and the utility of hiajhvr speedu

is not reMadi.ly discerniblo. Theaie assumptions will have to bc chfingod ill

futuru large scale extiniiiatJonn of convoy operatrinu.
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This chapter draws on trio more bodic ctlacnsu analyais of' the convoy oper-

at.ona problem, We consider caoivog ,,hipn, oacorto and Attackar, Tho eattackere

are generally thought of an enemy uubmarinee and, thorolfore, one may think in

t"rm, of a maximum of a few tone of knoto with roupoat to at.a:koi upoods. The

methodology, however, in general enough to oxtond to attackaro which are Onomy

advanced naval vehicles, Ratios of convoy ohip upoed to attacker apecd of 0 to

5 are conniderod andt "mIoeao-t.aoti.u" bro not cotnidaro-d, rot example, the ana-

lysia only keapa trark of the convoy "cantor,"I distanncen, timon and track

angles are measured from thin point rather than, for oxanple, the convoy shipe

nearvot the attacker,.

The objectivo of the onemy attackor in every cane of the, analynia ii to

detect, approacuh, attack and sinik convoy hipti (i.e., the cornvuy centnr). Tho

primary parnmotore ampociated with thn attacP.v, are th daotection range, thte

approach npoed, and tho W :apon ppord andl wernion ranc.ln. The actual kill. by tho

attacker, which doponda on oveoall wonpoi ffouctivw'iinnii, is not ruolovart to thn

focuu of tho rntudy.

The prinmclpal parametai or tho convoy In ittn ,,pond. Thie nIpo.r;, An uaed to

reduco threat arcs tnnd t.hront aroan. The optiJon of rorouting. nnd ovanIon ill

implicit for unino combinit.iontj of convoy iipeodn and aLhior kay parnmvtorn. Thin

in indicntnd, but: not quamiLiLt.ativnly truntod. Trh convoy upvod rancjo at which

independent ý-nillnc brecomur nn ll atcrnait:ivo in inulitat ivoi]y truiat.cid in theo final

aubunction (ftoer the nconn•ry invent.tgationm of intureet aoii nmong convoy

apeed, I0n' u t o•p'•,rl, and attnnckor I•npovd) .

71hw objcr:tivo of the opicart Ill protnvi ng tho conlvoy inC. otorotito and tunlltor-

attack or' thOe attetckor at. a rango•, nur[IvtmiLt to pronocut o n.i olt•ck nyJkin"L
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the attacker before ha can offoetivaly launch his weapons. The principal

escort paramoternu considered in the analyuis are spood, sprint speed and relative

foare levels as a function of convoy speeds and attacker apeeds, and other

attacker capabilities (weapon speed and weapon rango).

Past studios have ofton concluded that a cornvoy which could travel at

about 15 knots above the maximum speed oe an enemy submarine would be relatively

invulnerable to attacc by submari•ns. This conclusion is a di)a:ct result of

the fact that the speed of the submarine woepon (torpedo) has boon of the

same order an the (fast) convoy upead, and the foat that the detcation range

of the convoy by the submarino is of the same order.as the maximum torpedo

run. The higher speed of miss.i.les, pti.LuL.aJrly wheoi ueod in connection with

external. data from aircraft, satellite or other surveillance', rende•is this

concluai.on invoalid.

0 Attnckor against cnnvoy ship

d )Mucort: against ,in nttnckor,

* Xscourt: map(od (uprint and drift) requibmcnts gonortiLed by hi-gh convoy

spenda

Th•un reaults are then colloctud for brief discuinions of tho Influence

of the various speed ratios on how one might imiploy high npood escort type

nhipn and on the quounton of convoyu votrnlul indopandont ual.fign,. Thu oppropriate

uQtiU0nO aMid dvrivctionn are uollactod in thu Appondix (ronct. W), but are not

noodoci to undorifitand the renulte of the analyunir, which are diapliynd in graphioa3

form.
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Be CONVOY SPRflD

The concept of operations envisagoe a convoy steering a staAdy cour•e at a

constant speed and the analysis begina with detection of the convoy (i.*.p the

convoy conter) by tho onemy attacker. Convoy &pood is troatod in tyo gonaral

: ostqrieut convoy spued greater than attacker -peod and convoy spoad Iaco than

attacker speed.

CamCeX. 9;nvoSdOreater'S.he .AtL•ekor 8lgod

WO define an area of threat to the convoy (convoy throat area) au that in-

stantaneous area from which an attacker with tho requitito ocmbinetion of datec-

tisn "ange, attacker upeed, weapon rpied and weapon range can detect and subue-

quently attack the centmr of the convoy. Using thin area of threat am the signi-

recant para•meter facilitates tho mubsequent developmont of ot~her- measti.on (P~uch ,

as screen 1*nqtJh# number of uciorts required) on i function of the relative speedu

required.'

For a given range at which the a.ttLackor cnn d•etoot the aoiwoy, tim maximum

mixc and tho thape of thin area will vary with tho roaltionnhips among the

achievablo valuon of the varioun parnmatoar. Thin in illusit:rated in Vlguro IV-l

for the three subcnneb indicated, In ill can.n thu convoy procreda at it.13 beat

speed (to iWinimize tho porinihio throat nraa) and tho boundlr-toi of the ,.roan r'p-

resent the rooultant maximum limitn of tho thront area which tho atackor can

gonorat, with hiH raximot opead, weapon npCeed, .ad wlra.nl rantiqi :ombinnd with

optima] apPrroach t4CticS.

In vam•e la it in. amuulnid that the maximnum mpend of the attaickcr'n wonipon in

equal to hiu maximuni i..pc-d (altuurnativaly, tihn weapono n urn hns •no an nd the at-

tacknr munit intersect the ooivuy vantnor) . Thu• the only important parumatornr

arc the conflvoy mipocid (Vc) to Otta.kwo| npecud (VA) ratio and t.hu "trnuk anglo" of

the convoy. That i, tho anyglo imnaurad botwoan th. projoct-od cournu of the

IV-4
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* ~Arun of Threat to a Convo~y fur n Givun
Attacker Detection Range asu a F1~nit~i~ou of the

Convoy/ht~tackar Speed Ratio# the Convoy/httiickor
Weapon Speed itatio, and the Attacker Weapon Range

Classm Va V

VW A crW c W

acm a a

Rw a a
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convoy and tho re•u •divo b:arit.j of. th,. atttacker Ifrom the c•cnv•y curnL•r (t:hii

anglo is sometinea callad "target angle" or r"4nglo-on-tho-bow" and is meamured

up to 1800 right or left of 'the convoy's projooted course). In tho figure,

the spocific angle 0 indicotos (for a given Vc/VA ratio) the maximum value of

this anglo which can reault in an intorcopt. The lVno whioh intcormoout the

projected courso of the gonvoy at th|o convoy conter to form the anglO 0 iiu

the limiting 11iio of approach of the attacker tfr an interceLt. Thuuj tho area

ts aomplgtaly dotorminod by spacifying an and either a V C/VA ratio or the
IV A

resultant anglo, e " sin 1 (-)C
VC

The reaultant Cunvoy Threat Area is plotted in Pigura TV-2 as a function of

VCA z/atiom of 1 to 5,

The arma i. normalimad to a ciroular t)ruat area whoso radius iu tho dotvv,.

tion range of the attacker.

Yt shoui). be noted that, th'oughlu thLi ui,'ouiLc ion the convoy throat aroa

is an area of pcotontJnl threat to the convoy. The arec uxintu whether or not

the convoy has knowld(djo of an atttark(cr'n pronnnc.u in the arva. Note that,

givon rIuCh knnowdcrL, tho hightr tho convoy Lu t-t.nvnk,"r oeoad ratio thiu wore

likely that tha convoy will be abl.o to uc('cestifully ovade the (ittnchuer.

Tho uruj.ci:Lc ooucttry or Lih ConVoy ihtroat. Aroin in Caiunui lb 1 lr.1 2,a in

Figuron TV-13. ronulta from maintainin • the anmo r•.nyjo ait which tho attackur can

doeecL tho convoy (1%) and tho uame V /V ratio (thuu t'ho u1eimo C).
C A

C•e la ie . whoriI thn•r•uiyo of thv aLIUakor ti wuopoti tti nuro, iand the jittijcker

must intarcopu tho ronvoyi 1b in thu intcurmadinto varln whuru tho. valour of VW li,.
* a

betwoon thai. or VC find VA and I hutj thu rouOtint~ntni. convoy i"c.1 cattrvn 31w;. ImNtweln

that of. CroUc Ial anld IC:. Cami( JU in whore thu spe.m-d ofi the at toacker '" woop•n In

roataor than thu tipt..d of th, coinvoy and gruMItVI" than the attaciknr '" mpeod, I.o.,

VW > VC > VA.

ZV-0



Ih Cane 1c, the instantaneous aru: Is th: uqm of the threat aren r:lativ:

to the clonvoy cenlter generated by a weapon with a givan rar, go and weapon to

convoy spa*e d ratio (reopreaentd by the offset aircle of radius na and the pro-
~1 a

lbotion of it, diameter along the gonvoy's projaoted track out to'the duatotion

Tange arc) and the original atta-kore convoy threat area from Can* Za.1,

The reoultant aro.s no #A funotion of VC/VA ration (from I to B) are plotted

in Figure IrV-3 for selected ration of the atteaker's weapon r-olngo Rw to the dotoc-
Ja

tion range RA , The examplo illUstratoe a case where VW /VA - 6 (thus, V 0 VC

across the ontive plot). Again, th* convoy throat area im normalisne to a value

of one for n threat area that in a cir)lo of radiusmRD

Note thtn,, am oxpoutud, a Vw /Vc ratio greater than one generates larger

throat nroaft for any ntta•nao weApoer range grantor than zero and that increas-

ing the weapon range tn valuoe of the eano ortnr as the dot.ection r ,n9 Ar,,mn-

tically incrommoru thin nren, in thin era of utbuoviitii and Purfaae Mihp launched

SBM i'hroat.i, thin reijlon it prubably the nro rcallintc one In which to invon-

tigato the utility of tipcend for n convoy,

Cane 11, Attacker Elpaod Groator thnn CcnivoY.Silxd

Thin cane iu of current interest :n that it probably bent. roproevntu the

Currlnt; conVoy iind throat nituation.r * The prvoctno goometry oF thu convoy t:hront

*Thu 11:Oa ill LIOv(,loIj0d by lKIUCtl('tl.it1til ,1ppl ! ivtion of thoe rolM.1t.vL motion betweon
the waitpoRn antid tho convoy, oveik the d ll.tdolain: tho won~poII u:n travel, 2iid tho
origjiiie) eatnia,;r to convoy ruletit mot.iloi. ctalul nt; tonti nhnwn I.n thi AIporlidx.

*OWith, of cmiourna., macific.i tti• nn iiiducaf1 by Ifittit ti atai.tako1r'H Fl,)UOd

by othuor raa torl-1, h.ewjl ill n lutnetJ oni of a nubflilni rinE., ,ttiakur ' a radlinto1 tio tivi
* by oeicru:'.il or IluIrV i4&h.t'L. Bylitullm..i

AV-'.
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area is, again, dependent on thn relaitionshipa nmonq nil of the po•tinont

paramaters. However, in a practical sense in any situation where tha convoy

has a long distance to travel to Its destination and the attackor has more

than a marginal mpood advantage, the attacker, having detected the. convoy,

can overtake it. rurthor, the attacker, given onough weapon spoed and

weapon range, can launch the weapon from some distance taBtorn (as in cane 1o

where Vwa :0C. Thus, his requirod distance to close can be very small.

In a practacal annee, the threat area can be considered to be a circle of

radius RD with its conter on the convoy center.* Noto that this im the

maximum threat aron which can be generated, except in the came of external

intelligence and larger attacker weapon ranges. in this case, the convoy

throat area is a circle whose radius is the weapon range.

:An important conuideration derived from the Affects of convoy, nttacknr

*and attacker weapon speeds on the size and shape of inntantaneoun throat Aroes

is that of the implications of convoy escort roquiro'.mentm.

Escort roquiremonts for a convoy can he viewod an fulfilItid by the product

of tho cuapabilitios of each occort timou the nuibcr of cmcortn. Ro iIroud

escort capabilities an a function of apotid ration are dtsc:us•ic•] in the noxt

section. 1hfwavar, th(i required number of escortn of n 9 .i. nbt:n . 1•AlU is

a function of thn basic Vc/VA ratio. This is indicated by tho geoenotry in

Figure IV-1.

Thei maximum requiremont exisht' In Cac, 3,7 whr- V ý. V end thr v,,it1 ','Ai
A C

be located anywheor on the pcirimntor or the circle. In Ctnic I oricart prot'ection

The actual area 4.. thn area comion tIo the itI) ci'hle o|(ut tho convuy cunter
and the area froin whIc'h an a.ttaukr enitorn votild Ic]onaim to thu ofnilst woapon
range circlu (am in ll in thlv time nvil I lab., (hornrr- th. convoy uromplot:eo
its transit or before the weapon reachine iti texLrwm! ranqv)

1V-8
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is required only aarous an arc between the limiting linen of appronah.*

This in illutitratod in Figure IV-4 which indicatou that relatIve number

of oasorts roquired an a function of VC/VA. The plot in normalized to

a value of 1.0 for Cana II whore the full perimetor of the airelo.muut be

covered. Note the dincontintdty near V a V/e which in du• to the uhift

from a full cirolo to a semicircle an becomes greater than VA Note

also tho incroaso in roquir.amunt when I1 ) 0 and V W VA (as in Canon

,b and Ia)W

ix

*T'h rc•rl ',ir radkiu of tUh uncort arc in a funrtiont of oencorL to att.acker

rUPO(~d r•at io• mnd tin nothmr painincLurn- (i.o. , oncort quIality).

XV-9&
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Figuro TV-2

Normalimed Thront Aran VorsumS~Convoy to ALt~ackar speed Ratio

Normalimad Threat Arda

140

Cm AV 3, VA

It 
..4

i''

.2

!0

0 1.0 2.0 3.0 4.0 5.0
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Fkiyuro IV-2

Normalized Throat Aroe Veruux Convoy to Attilckor Bpoed Ratio.

Thin figure nhowu the relationship between normaliz.ad throat aroa and

convoy to atteckar speod r•fito for the cane whon tho attacker weapon range

Is xero, or oquivalontly, when the weapon spend is equal to the attacker

upiod,

Danis for Calculation

Thin griph in a plot of equation B-4.

The Oireat area at an inotent Of time in a function of convoy mpand,

attacker speed, atticker radium ot detection, end nt.1-nr'li w,,,.. t.ý ,

'nit threat. i..vc ropianertn the aroa from which an attaukor carp close thu

convoy. Mhen t he wcspon rango In xro, the attacker munt int.vreopt the

convoy.

Tho t.hroat. nron I n normal.ized to the cone or a cirli, cmitctrod at tho

conivoy cuvnt.or anid rndlua equal2. to the itt-ackor'n 'nAdiun of cotoction,

In thle figuroe

VCcu"•nvt•b, r~ieod

V A attackor's tpeocid

V tta'clkor'n WflpolOl Upectc

R W'i rmJri or atatukor ' n wan•'on
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Pri.n•o•a Pointo

1. For n given attackor npood and radius of datuetion, the thrmot nron

docreanom with increasing convoy speed.

2. Zf the convoy has external information on poontinl thruant, tha

convoy enn maneuvor to achieve the least potntLial threat.

3. Increasing the convoy to attacker spoed ratio frnm 1,1 to throo

roducas thu normnalizd throat area from about .35 to abo%1L .10. Purther

increasing 'the spoed ratio from threo to five results in a muoh mmall.€ reduc-

tion 10 to .05).

I

1 °1



F~igure IV-3

Normaltiied li~r~uit Area aM A F'uncftioh Or Caflvny Lo
httAckc'r Hpaod Wit-to anid Attnvcknr Wompomn Hancto

Normalized Tlircat AraA

1.0
CannO Ic (V .Vc VA)

v

01.0 2.0 3.0 4.0S.
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Normalized Threat Aran an a Function~ of Convoy to Attacker Speed Ratio arid

AttacI~er Woapon'Rangja

Thini fEqurv mhoaw theo raolatioinhiip butwoocm nOMienl i YQd t~hreat area and

attacker weaipon ranqe wholn the attaukarlm weapon spenod ia groraLor than tbu cani-

*voy, speed and convoy spend An grantor than attacker mptiad (i.e. VW VCl VA).
a

Thin gjviph, in a plaL of Oquntionl 0-9a,

in thin figure the tliroot area lu ai function of convoy npoud, ettnckocr

speed, atltacitur detaction r~hll(.Iu .ilin I*LUALkUt wLIdpWiAII i~lwk..

-~ di. atac korli folio WIU)lupeoI

V A at tnc~ko rn .filpum

1. * Ior in %Iivoi attinaker wainpun ripl'hcl and wcap.oli ranc~j' tho convoy call

rodiuue thu Llirvaon t roi by I iwr"iuinyfl t711 c~onvoy to ait ,ioakfr tipuoml rat. in.

2 . A" U hu ait Lack ur In wtvaiyn z emjiy III iou IOWIFn'ul, t1 noC~IiCJ ny nun lt urti I. c'

* higher convoy to at~taukor inpuod rnt-il~il to reoduce tho Unrua. ari

3. The. inuvoru pruh.1.cr prononl'Iod to modurni c2(ifVOY cpurtatiolno agihn~i:im

hM gh upr'cirl w'tiprmt. hII fpic-tLnd ily thii enflquru. Lot; til otimpuranni lth

an Convoy hadCI, to hOeJ1 I wi.th, isfl ipoi' naVoitnuogo' or imco to onhim (n

IV-14



difficult foat in ittnolr) and the riktio of weapon rangje to dotuotion range

of the attacker in onn-half, with t romitant normalimod throat area of about

.46. It doubling of the attaokor'n woapon range would namuitniato an inorasto

in the convoy mpeon etdvnntagn to ftbout 5 to I to maintain the mama throat area.

Hore gonarnIly, it appmurs that the attnokor has a highor lovortngo in creating

throat nroa by in ioinn weapon rango then the convoy hits in reducing throat

area by inareaning opmed.

iyV-15



rigura TV-74

Noriinlimud Nimirnhr of Nawcorta lpncjoircM Viirrsui

Normnlimad Numbur of Iin!,orta

1.0

mAtt.a.c~korn Detv5)L t'dn

.2

2.

0 i)2.0 3.U 4.0

Cc -in vciy.S. h
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rl!Juro TV-4

Nornmalisid Number of Loncortn1 Raquirod Vermua Convoy to htt~acer Speed Ratio

Thint figuro ahiows cocort. raquiromentts am a func~tion of cionvoy to attacker

upood ra~tioin grant~or t~han ono fort

9 Catia Xm who~re the at~tackor WitaPOn UPoocl LO OqUR to the attacher

ijp.tA (VW V A) or at~takor'&j wanlior range )in Korrn,

*Tho aopocific cnua %vlrjrt' V P 2%, and M --R

Danian fol Cn115u1liItial

Tho Hriavific, number of omoortvm rccmuirad depends on tha rucicuired ruti~us of

the ouawrt. t.rivtrngo a~rca fromt thev convoy cantoir. Thin Lei a funatlon of tho

ralIRLIVO cuillailititou of the. anwort and Lteu at-Lackc'r (St'.3noct-10on C).

IThrl normnt Iizoci nmiuttibor aci nort.x (of any givoti ctipahit ilty atyalivit it UJ van

a'tltnuk'r) in Hilt, raltoIc oI hr. 00i(!quiacIet nnyu 1ar cocvortigo to that J a Caun Tit

whciru thro ntiaickorlrii upc'url excot'on tho convoy tipvnrd tnad full aIrular covuranyr

isi roqu I roil.

I'? Invljii t0 it fi

1. At. vury imiial 1 convoy npolucdvadtdltflayt Lho Olrnat. I oc (and tho ronti timig

norma 11 sod vricuort roijl I rInfa I.) in vory iicnatlyt I nIv~t th nvo irod rit ho andiitwinl-

F~livu to Lhm dit: I e4.r ii Wmallciii p~iliiturn,

2. Inurewroui~ii tho convoy to at.t-ackc'r itipoc'd riit: u dt-cz arui-rIl uuloov rc'quilrc-

XV-17



Monts. Ati ration of about. 3HI. thu iIU'J.iyn~& ruwuLiiu rLO .uiiAItlIv~C iIiUredzaillU

convoy spee8d are umnll1,

3. The attackor cnn counter t~ho convoyt n npinvd advanitjog (tind incroaso

ecaort raquiratoenii Cor n given spout] ratlo) by Iticroan~Ing Hni wcitij~vn rallgo

and wonlinn speed.

4. Came 11, .S 4 in not illufotrnted, ninoc the normnl~ixe.d throat are

in t~his cauin in uinity providing tha attackur can claona fromi tho reair hborar thn

convoy can yorntpl.ot Its~ transit.

IV-11o
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Theri naru two Important ocacort spncu¶ ratiost escort. mpoed to ottackor'

upood (V /V ) and tivcnerl; ctpjakd to convoy npocod (V /V ) . Tho firuL In requi'rad

to inoura timealy cluonin: n ciiclrountoartuick~tin a detected thruat (bofurro

he can lautich hin wonpconu). The vaocoaid in to innura MAInltaining thin datection

capability ove'r thp. nnutgool e'rnia rclat~ivo to tho ccncvoy.*

2. HuEcort to AHVakc-r EodU~

The 64aa case for~ escort roquirrnnontii in tcikih from Wea 11 (VA Va) where

the ontiro porimotor of the threat viruln must be covared by the oaliort"c, Thero

are valuou for tht, n~zaa of the threat circle whaorin evacilon by the convoy i-N

not: olt uptionj thanco vnlueo arc dotormiined by thcc attackor's woapon range and

detetiotin range.i

The Jpurpmnu or uioe Eihtort Iii Lu dutect the threat, closed antd Conalimniato an

* attack butor, O~n atciackor cau tAi nch his wuajt... Thu;,, thcc pilrametursc for oocorL

qiuality acrv tht! V -/V ratio, aliti tho m cxlinum rnticjo of the uncort's wcapon.
I,, A

Higuro V1-5~ p~lnUc OicIcL, nuber ul- titiortj reqiuc~d erli a1 rurcaion of V /V forI; A

umc Ii I ci i 'cm i ,ici i of r uiiv cvticcri.t wr'ipcjic rnlivie -icd do I out Lon d I nt ancoc' 'iho fig-

ura duitorrinvi n' t~ho micart: r.'qu i~rumvi to vounto r Mvc ot-t' Icmkvr tin fcirc! ho ccnwcuu

within wvapon ranrgn to tha conv6y contor.

Por (in hit.u~revill to I *k'' jclicr-c., 11cc, flvteloni .0 ifi nint-v Ilitmut hoc grcunI.Pr thin

tha at iaikovr '( wonpcuai ramiti. Thuc dl i ancco ovccr wh ich intiorco~pt CUMc OCcIF c.FIn thto

diffosrcuecc hvi uwour thu, doict ciiun dl fit ane aidii thoc cit tmikccr 'i wolJpcc 'iqgo Iicciwp,

iiiuro nn ing thto dc-toc ti on di~itanvo clivon Lhc mnvori' m rn' ic, M ta Cdi. (atid Lfltlw )t oi* * * A



2. Plwc(rt bpi hir t .;I'1Cd li,, I oi'lont.n

The purpose of the1 escort is to close and consummate an attack before the

attacker can launch his woaponn. The attacker could be detected by cither the

oecort or come rther system, in which cane the escort note an a pouncor who is

vectored to the datum by tho searching system once n oontact has 6oon ontablished,

and ccnsuumntos the attack, In thin case, the eacort may u-o sprint npeed to

provide timely prosocution against attackers around a convoy.

An escort using continuous acoustic search to sanitize an area around the

convoy is'limited to slow search speeds. Hence, in order to acort convoys with

a speed of advance greeter than about 15-20 knots, the escort must use sprilit-drift

tactics (defined and diLcussed in Section II, pp 11-14-16).

To provide the desired a~oustic covorage around the throat area, the escort

must maintain a speod of advance equal to or greater than the convoy mpeed of

advance. The escort's ept'e. of edvance cac It'liy ir Acrm.inod b•, th" comb t r,-

tion of his qprint soeed and his virtuAl speod. Virtual spuod is tho ratio of

detection ranga while drifLing (which in a detorminant of the F.irrint dintanta)

and thu drift timo required for each euarth period. Thunj, to maintain thr. ro-

quired sp•aod of advance (equal to the convoy rzpaood) tho CIScort must aichicvc thci

propar conibin tJon of sprint upc'ead and virtual tipcod.

Figure IV-G indicates requiired ascort sprint u|pocds an a function of convoy

spnoidn for Fle(wCtcd virtual. speeds. The accompnnying information nhuat discunnoO

tho adVAllt d'n, ini r-(lucc(( A cuort sprint speed , qul reir. ,tH) of a tact ic which rm-

plcyn two laap.-frogqing Dprint-drift escortn for ef h ntc(nrt- atntiun.

In addition to the imnplied tradc-off of osc•ort aprint speedn wit.h ccort

force It-vC1F, it rihould bo tintnd that the lciap-frogging tnctic may provido a

mnans to overouimc t(c'chno] ogical hnrriurn (cowbiinationn of ]ituLting spriint nx,'odu,

maximum dcetcLi an ranho arnd nim.titntmi dri ft tvimon) pruvonti ig Uprirlt.-clrit oucort

prottocti.on of very hIJ.yh n•pod c;onvoys.
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Numnber of Escorts Rncquirad t~o Prviclc, Timoly Prwiecution A~round
the IMiitro C±,ruunitrcri-mc of~ a Throit~ Circln Vaorus

Usacnrt to Attaicke~r Spood RatLio

Number of EscoortsRocluirud
10

* ~Detecton Dintoanc~o
bitiorcopt Dit31tnco* 1'2

I!, , S- -* ' .50 2

44

rt.~et~ni Escortc

SIVI 4 V. 10

Mt-woururl ftomi~ Llic! cursnc-t of tile convoy.
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F~igure' IV-5

Number of Encortae linouirml t o Providle Tin-ly Prosoccution 7hround the

Entire circumference of a ftront Circle Varsun Escort to Attacker Speed Ratio.

PureDoD

The purpose of this graph in to show the number of omenrtn required to

provide timely proniocution arounrd tho oritire circumference oL' a threat circle

as defined in Casa 11# vornumu escort. to attacker seped ratio for varlaus

detection diuitanaen and woopon rangjes.

Blasin for thm Canlcul.ation

V'iia graph in a plot of equation B3-15.

This in a caneo to illutninncft to Olescort versus attanckcr Problem. Iii thin

case, the speed of the convoy .1u much lops than the sittackerla speod, henro,

mnnrvrrinatC by t1he c~onvoy to tivnid nfttncik in ilot conniftidnre'.

in this calcuiation, thcl attacker dotoceta t~he convoy sand nyprocac~hcs toweard

the center of thn c~onvoy wi th conntanlt courmli 111d BPOt'd (V Th iictatc:kcir In
A

dcitectecd at. a d1vtcoction diuftlevc (Iit1 ) f rrin thi'n convoy and R D in cjrentvr t~han

thQ a Ltakek' Y' weapion zrirgo. Thov dwtoulion coulId ho Itlad( by thn avnacort. or at~h'r

syst numa (auch an Flatti1 11 to) III Whichi cz'mu thn cincoltn act all poulicuran.Tit

timue Lho vtcncrt. hatir to Iaitc'rcnpt Lhc' atta Lanor in

n nc -

VA

Whore At iv voinuc dit rainatic rjrviItr tha~n tho attiickol!'aE woopon rmalnt

mqanotircc fromn tho cont or to[ t he convoy,

Tho Flect~ur oang]I oWhich cain h)( cov.orad by v in a aqlv vcort in a tuncat.lon oft

Ocaort "pcocl , time (t.) , and onacort. Wonponi rmirijo Thac numnbor of aincorota rvequirtad

iii (`o tornal tauui froin thec nrc: tar covuirnji . of! Si 111iiij 1 'oucoIt..
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Principal PoILntu

1.. Por a given dotOetion to Intercept diat~anoe ratio, tho nupmbr of on-

corts required can be roducod by ait:hor increasing the oncort to attacker speed

ratio, or by increasing the cncort'n weapon range. Par examtplao, tho number of

escorts required in thn came whore the oecort to attackor speed ratio in unity

and the onuort weapon rnn.j i .. 25 timou the convoy forao datection range in

about 5.2. Inorvn•ning tho ancort to &Lttacknr spoed ratio to 2.1 roducen tho

requirement to abotit 2.0 oenorts. The anme reduction can be achioved by doubling

the oncort wenpon range.

I
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scaort sprint Silood RequiredI for' a Givan Virtunl SpoWd
an a Punction of thto Conavoy 81arid of Advauwo

Mocort Sprint Sipoori (Knotn)
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F4ijure 1V-6~

zsaort Sprint Spend Iloquired for a Given Virtual Bpoca4 gin a Panct~ion of! the

Convoy ftpood Of AdVanoo.

Pu!Pono

TYhe purrouo Of t~hitt Ujrajh in to ahow the ocort sprint upeod and virtual

speed (V )roquired to oucoott a convoy with a gjiven~ spood of advance,
v

I13hsa for Cga1oulnition

T~his graph in a plot of cvquation 11-20.

The ancort Inuoit maintain n %pond of advance equal. to or greattir thnn t~io

convoy ppeod of advnncc.

Theo aroort.M apped of adva~nce capability in doturmined by hini aprint speed

* and the~ percentaqJo of! the time he Poendin r~l fii~rir r4)IM t ' wf

driftingi (I.o., suarchijig) in dotorminod by tho roquilrud timr..*for each ljoarch (td

*Tho finquivncy of UL-drdi in govoriic'd by hiu sprint distanco, which ia a dopendont.

functio~n nf thu det-oction rango (it,

Virtkial vipoorl ini cufiziod iii sprinit diut~itntw civicdud by t ime to jioarch.

Sprint. cintanuo An t~hc dintanve betwoon listoni~ng periods. in the case of a

si ngjle nucort for tho autitunc'd r~onrch coviordigc (noo Apponcltx , Fivel: on 11) , sprinti

cdinLaiiv oquiuti thu dotIrct ion ri'anjov

'rho min i ii nn cnoio-t op~ri ni mpCod acru uit'iitW In duot rminod by tho 'riclort 's

rorqui i-rd ovori12. uoodic of advance (convoy npuedc) anid thr' baot. Auhtcvablo trarla-

or r of Ine nnciotnc th )w cuuuor-n' clut cL iot ronuc' (11 2l Lcn nh uimbor of. enuortn

nusu I dunot to va ruh Fipt I nt .lri Ut. cuvc'ratjo .lritu or by docrvainqIi~ tho dr 1 ft time ro-

qui Irvd to crrnplnInt is soarch.
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Prinaiiin>e PointL

1. The virtual spoad of thu oncort has the dtinonniann of velocity and rap-

roaonte tho limiting vnluo of tho convoy peoud of advance that tho esuort can

satinfy at any sprint apand.

2. For any given convoy zspod, an the virtual spoed of the escort in in-

oreanad, tha nprint spood rcquiromentm are decreased. This Inplion a trade-off

betwo'n virtuml npood and s'print upeed, i.e., if either tho detection rangje can

be increanod or the required drift time docroanod thon lose sprint IIJoed capa-

bility will be required to maintain the given convoy opeod of advance.

3. Por a fix.ed time to seorch and a fixed dtoction range, the virtual

speed can bo incroatiod by incrueaing thu number of aucorta and uming them In

a leapfrog geomotry. Par exnmplo, Rb W 30 nm and To , .3 hrn,

-. ,3 and to mnintmin a convoy spori oi 60 knoki, for • •inrqli;m' print-draft encort,

A 300 and thi required nrrim.t spe.e•, in 150 knota (which far
oxcu•dln tChp currc'fL citimUtM at: which thi, mtsur can ha t wud
whiMY -prb.IUU J),

ror two leap-froUginj Inticonttn,

Vv n 200 antId Lhn rocqluirod sJprint ripnd for oan:h cancOrt ia 85 knotti
(whlich may be, ii fu•,i;blc towing npucd),
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Thei previous dincuselons an convoy apooade and encort roqlutromentn

opens thn quolit~oii of indapanclant itailing vnrnuu convnyn. Thnro or* realms

whore onei or the other Lek the obvious choice.

Independent moiling in profoirod whan tha convoy to attoc'ket upeed

ratio is high find the ntathckor' wunpon speed and range airc mucjh that the

* threat area remaina narrow and tha added benefit of? oncorti Iti fdryinpl,

* ~om~rpared to tho pricea to achieve the requiaite nipood, detection range, woapon

range, maercIh rato or t~hf deuired ciomhInat~ionil, Thm banefit or oncortu can

bo suor ain in thu caý,n of tho high upikid indopendeant. shipm (e.g.# Queer, Mary)

inod in World Wnr 11.

ConVoyais my ba lthis proper choica whenevor the convoy npeed is lons then

the attacknr spend, or whvin the convoy tapoed in less Lhaii than tbu a~ttskor's

wviajx~n sipood and cnsrortm ponnune the rvqulWelo spond, dclt~r'tiori reinci andi
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E. SUMMARY AND eONC:LU ILONS

TIhis nectio~n Iinvastirp~toc1 tho lrc'1iitionnhip bntwocrn the *rntio of tipt.-dm4

of the vcirinut f~orcenr Involvnol anid thin notnr imipor~tant vir.Iaihlcn lit OnnVoy

Oporat~iono. Thu rorcinia comuidorodc w'ro ~cunvcy nhipm, encortm and auttackaro.

in convoy op&' r iona thU AH-arkura ara ynorally tOhouqhL (if as cinory

submarines, with a of it mnximim of a~ Niw tenu of knots. Tho mnithocloloqY

Ipaosontec1 in thiii Llfllymi3n in qtmti:.'i3i unfoLgh tou exLcicd to atiackoka'i whtobC1 arnt

otiamy Aidvalnced vehiclan. Heut ion of convny to atLa~ckor tipioc1I of Kora to

five wora conuldured aind "micro-twarLic-tv wcrci nr- considaotvd,

1. A~vo ovySi

The affect of convoy spood waa Itreatoed in t~wo cat ucjorteir~ convoy apoodc

arvaltcr th. in. or oquIli to nttav~nr~1n npr'd. Al(Id rnOIV(17Y FI11MSec 1rI' e'.PI t A#.fn ntmw4

ThI' principa j-rc -ni ntmi Ini at twrkii il-j ag ntirt IC011VOY 141111 p ii z0

n. 11c~rulmillf.] t1-w c-oliiVy tu Lit t.L1ckr nlipc~d rol in ri-ulucim tht' thoa

nrc'n, but .thlo vr ot~ ii roi(. Hir y Itilt, vaion (ifcip nith pariu i-r

(1.p. , FIponl mid romp!r or tilt, Auitickc~ls iwý'-puii)

It. lnc'i-mnfnii UcJ lc? (c'uivccy tu (it tunc~ko iiju'td rat 1r ll( ohiol nhcictef t~o

reccitwe tho rYiuCi rm'1 iiinbi' or iilcort~ri tif ai (jivmi v.ijild i ty, oatlaii

wi th inmnl ft u-it rcncIm indlieod by till, valioin of ii' t uoctt-ht- p.1im-mlm-n.i'lI

Ci. )'us colllVoIy ilillou Ir'nit Ouii aittilchor tillp id L till tt, ih ,CIV(l i'lLIt

timu11(, tdli alwiyci ciVilr
t ikv w Iii niuviy.



2. )!.s'nrt Aqliwit At t.,icio

lit thq- dim l yni i i f uv iw 'it vet !,iii itt Iwkil i t~wc Ilip'p I t wit 1P!wn: !1 mipirf

ration amarguqi unincrlt rpcowd to attic~ker maliand, 011( atic~oft Speed Lo Convoy

spited. The firui; rneito in rcvqkirod Lo intturL' 1inialy ctcting and countor-

at~tacdtittn thc, drutocLoci thraaL. Thn nocotid I-a Lo inliurn mnhitn~talitn Oilin

da~otlonic capabil3ity eivor thei nnuignar3 arett rohitivo to Lteo convoy.

Tho Ipr~nim(pn point-w in tincert. tiganitt ALI-ackar nrti-t

h.- Zhrnhrtting Lite convoy to n~ttcknvr spend rat-to rdc~uoki tha rkiumhat

of etworta require~d by nairroiwing Lite frontl. to ho caovr('dD incrcuinin.g

the' oacorI to rtit-tackur mpocid iritIO Incroursom thin onctor Coviurago

of thini front aind, hcinuc, further re'duces tha numbeir of escortti

rttqtid rod.

b. 'Phu nactrmr covormugo of the unecartmn enn aluo bit incr~anad by incrodaing

atncori. qunlity (Ito., by lncironnitig t~icm offectjive rengo of the Onu.ort'u

waat'onn and hInrronninct tima ri~qimlof h r,,nigr mf ritt o tn h. nt'm~ckpir)

c; ror convo~y ulmoada traatihr than Ow ha liii i ng tpocid of contilnuous

metiluttitIc' *CI(1tr!Ia, t~s tt fi' lc~ort Ittlitt ItI-v Apt I tint-di If tactic cim.

d. An anonroi t miqc airitit -ci Ift tnctL. ct mint tnai titiin a riji'Llc of ndatlvvtlI

Ocqual ito ot (Ift't Ir thoa i t(, vo uinvoy upinind rif adnvi inuv 'I'l o liaoti or

WhIICAI I ChtUiiI O111n Ut! tin t Iutt'l J~l jj UI1t 0ti ,j()?. tut)(1,1i l 'i~iW lti FI L110th

Vi rtural lipt'itd , hi ic), Jim it foint:t ion of Own imtinor 's actoun tic

(latvcuct-lom raInrc. mid neirc'h ILimt, i . n., drift H im..

o. muIltipi a apr Ii t.-iclrL I I litworti a ttiploy Iinqivili~j i-froq tau121 CI Call 101aM

Coltlnt inIint il till tIwIXIIII hiiiniii('i rt ininj(dt of* ttdwticau.1

* 'V~~~~ha queont.ion of mviuiln nit 11nq WIll Vcan ml (Ilard ijjjjuat Ii nIjI'1y b.1tinmc

oin tho ruinul ti of thu ptiy loan non 1 Yflit vii conitvoy iqi~imitt mittlacikt' t nd wa' Lo

utlattitit otthAcht-.L
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mailings arol

ZE thn p1 pnl inn In cnmpImmed of hi qh sperdc nhipuai nd Cho ntlt aikori

ompabiIi tinn aire ltdimi twd (n nuhmnvitnun with tLnrpvduon only) iwola Lhn I. hin

convoy mpead cant Irirdwu nrnmail atnd narrow threat: avnan~ inch'Itcncnt mtail~ingr

may bn the prope chulan ifc m uch "rcnyly ctpucdu a ~rv taln vLtrtnt .nily )Moyonc

theopa mcwcapnabnihli2ty of pffoL r.ivu onntic 1 ifldt'irntirint: nnlflg 1In'c Mi Mar Miot ilcanc

If, howeatp'v, thn crnory t~hreat. (iurvai.i~nnc, nptwcI weanpon rnngnr) inru l aLivnly

Insottnitivte to c~onvoy ripovd (o c.g, i nrarct-nI ml int 1ot) anrd tincorAN cnt prcavt di

*tfctctivri prh ct~itiott conrvoy.in may ho~~'E thet propor~ct cho~t co

The genecral c.oncwlusion of thin eau~tio anto c~onvoy oporntlunu In that

rolt ivu n3:tntdr tatd opuvd ruliou oarei not: ittrf~i(2 1o4, in thumnalatnica tt clntntiur!

adequa Li rtin nurn n or of frevt i vaannt otLher m-iti~~ry in ttr; amdtttr't~, mutchtelm

dot cvL1 on ranrlgt ittt wvetI-ot vfwotWH rttIIv't't an "fof t talnal U~tt~ttII r nlwptd
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* A. INTRODUCTION

This sactian nddirannoin the qctnoral noarch problem, identifirioi thon6 ei1tuationa

wihere search vaholtl spaud influoncen the offactivanova of the search and Indicates

the gaiatral nature of the potential payoff, if arty, romulting from 1Inraseaud plat-

form speed,

Tho bnoic problom in to quantify the effect of npoad of the nuarchiny vehc3Il1e

on a measnure of search offectivanagut mu~.h a. sanavoh ratos, probability of detection#

or number of dacitctlonn pot~ unit time.

Clearly, for the clann of monnorn whome detection range is not naemitive to

search pliatformi speed, inc~reaning search mpead napiability will inricen~n tho *oI'4 ~,v-

able search ratn (areia saeornhad pur unit. time) , Thoro is alW.ayi the~ clUOULioI or

wahothnr or not. the iincronse is worth thp riffort:, Whon the dcitavtian range is very

laiiy (a.g. , air tivaruI r~anuir) tho oioit of iIC raning t. he i latforni sp~'.ud may not

bet vury inipottunt.. Cutiversaly, in tho ia UiU of it short. ranyu iyoitnm nuch an a mn~j-

itotic anomah1ly dutctin1 n (MAD~) sys tom, of fCi Hvo nictiach j , o in tht, ptinc i pro

daeramlninaii of uwjiath ratv. .1

Acouutic ocarchan udiffer Amp irtantly In that the o lattiuik range of a

sonar is dtigradold by a compJlux combination of fsctvour (primarily noiso) . One

of thumiu fact~orsi li the flow noisut around t~ho naiimuur Iiouni g. Thin nnolen inurnimvior

- with scoirch spood. 'Ilium, in tbou pooci rango whore flaw juiuci its a uitJor factor,

tha duteccticon rainga vnriuri trivniroly an hui apt'rsd or h 010n UNT11 Vuh tr.lo SBinCo

tht, athtr CU mtuc'iiLi CIIfi I 10 iionrch ratea in di rocLI y p ri cool~nn to trin iivarcih

speed, the axii nt~rinc of an optinum F~uorch tipeed is Implitid.

* Thro ro, f eurio , I litii! I itnnufdCz an1 th oveal nVOR .111 f1O~ivuncia of a
Uyutoni Involvtiti f~ctarsuue UU0 tin iitgrajtttot tlimu for a ccILUCctian, oelansiIri-
c~ation, utc.

V-1

AA



Tihia analy~.in adclrtnnour the utility of spoed in tho came of ai singla Oouirch

vehicle, vrnploytng an acountic liunsor and conducting rititdm unatrchan.

Search with prior inforttinlen, multiple nainnorn and otlior Nonforu nuch an

iradar or MAD, are conaidiorod In the nactionn on attach and cjounteoittacjk, convoy

and purnuit, wharain the aoinrcehr (upon dintact~ion) wincl mpood for some other

functioti, sucih an localizing and attcickitig thn target..

Thera aer Lwo iniportornt f,,oLaort whitch tand to bound t~hc upuod rango of

interest for acounLic nonroh. Pro nurfaua or nvar ourfiieo plat~form4, flow noiliinn

at: oricoda In INcoIJu of about 30 kcnotm r.ench a ItOVc' tit whioli tho clotvmtioin range

ise for itli practiv~a.1 purposes, Itoro. licirelcElvan clcsnigti effurtm tippotir ton be noccenniry

to produca any incronno in thin limitfing npewel.

-At very low tipoodn, tho comlbination of pu-ovAiling NIOCqtOound noloo in t~hn man

and the ma'ihincry notso compoijantu of self noi~ic dominatum tho probluill Thun, the

thoorptical detaction rintinr~ whlcrh mighit bo Achicivuel it, a 1-1,14410" unvi.raninotnt do

not occur in the zual wor ~ld. in Unnariil dectncution r~nnqci, acr Jimitc-cl by thn onvi r-

onmniit. to a cncitnniant vol Un until tivarv:hur rijjnncl rru~inclll ithuut 10-i 5 knotti, and t heon

docicrvaodu wi. th iIiiraetiilng flplL'Cl, rv'aelifi I 1( thn zprci viiti tic at jibnuift 30 k nuit i

Thur.f, tho Fmarcih lipord of intol-I)t:, for ihi' roruriclt-lib Iii tIIuru 1 nivi boto Lufll

10- 1 k~not ii anid about. 30 kio t. ii. Th i utici cjo ilb 11111 1.11 i u: I -tiproVOCRIoc 131rid Ceupil-

hl~it-li. o I. I fl of'on.t thut Acdvelirvd niovil vruh icia concopUl (witli I ho 110,010 I hiC0 'X1 t] ol

of 14WATII ihihlp) cjni n lit t n or tic Pilippart ftomn tht'. flarchi rtlci' ol."

We tiricronts týWo qocIVI-ilrl lIii'.'irc OPoint tanu Iili I t'r Svuirchi ond Cipruin Arcil

Hoharuhil

,lilt, hurt] I or oporiit i ()in ral I I,.i(v Ij(tnl (I 1 wk ol I Iec tio(In i I c) hiw .iwii rcIled w I LI it

*u~liii iii lit. c'xt I rol y t rite ii I no ,i in thr lie i.I I l yi fl op I ii.cl f i*fylnp
dri ft voitiiili, wV [hid (I a cit'.lt Liltio rai lliqlc ipi-intiuItoi (ill IyiltujI rlfJCJLdl
botwuen i aiorch litrtudo.



OZ.U.R gal). A barrior front. oli 250 mm par barriur unit in utnd.2

The uponi area saorch roproenatit zit rndoml oncount with no prior itipautetiona

of the prunanciv or bohnovca at n tilrgat in. tho unarcah area. Thine flotiveousa of

open area ounrclh iki dapandant; oil hn Aunniity of Leirgltup i.e., theý tiumbar of tar-

gate Vur mquaru 11nu.tiol.a Milp. Trhis tarcot dartinity Iti cotreletod with thu target

system booni loam faciur voncept introdueicr¶ in tha section on trarnuiL. An tha

target distanen fr~om port. incrunnt'zi, thn number ot platfcirmla required to keep

one on ritation will alon incramun. rn iidditliori the total area in which the tar-.

gatu opormt~o will nlnin Anoruito with cliatantci f'rom porti hence, 010 targat dohaity

will duacrevin with dintannin for it givan trgut: force level.

L Tho nuararh tochniquan uuldrouned in Ohil a atalyul " arei

* Callt.inuou a ncrt.iva anti pausiva soarchl

Znititil 2y dil, Acloal I rlod nvAruitimu'nt. (wilth no hilckcjround notric) ist noriuumqive.

i Thin, thvi-ritori,, refniltm, in Iuinalvttiotin of optitnur tipondn wihich tire J owt-' than

olli i lit ul lti ikir ulr- snc winill1 Ji~ Ii"Otv. Apip.1y~iiicl lcntnlm *vo ur back-

Ijiohilid tiittv i an ti ll vr ho tne of 0) I 1'j'i 01 1 1' I itlt, ihr'l'ttinll I-illirqill ~ill CiWcllI tupo di.~ce

TIIuiO, ont-i coni vf')')it' I n (1 rid roiii I fit- It r.pt i mum noav.uhl nplidiCIl betwuiviv(thoumIt. O-1015

Damn ld i. IUhicii 1I tui'd! firi louiti tUhili thcarjp ft. (thil' 'Icidii I -' cc Carlo.

Tho Itivaizol vno Cuiio whm alicariun for Ijiiipluitno rcii ti1 y houctiurrin It ii luntrmatill

tilt nivilhudoloqiy wiliti tin t thei liinic' H im' avold.incj thu vaciqcrl on of qaoogrmtjhy, man-

vZifnli, ti1mu (if dity , 11111 wmiat.huior whitic~h iiro lnt t hi' pr inc ipi1. timre-itu undtir i nvustl -
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fl. BhRRIER SE~ARCHI

Tho purpose of thin portion of the analyisiH to to invout4ijato the im~pact~

k ~of search spieod on tho probability of deotecting a target attemptintg to transit

ek barrier.

k A singjle coarchor conductn a random searci% in a barrior with front oqual

to 250 nm pti barrier unit,

The mathndo).ogy iind remtultn are extendable to barrieyn or- any lengjth; in

* gencerl, absoluto valtue of probabilities of detection will rli~nuu but optimum

hpoods dearived herein (in flio idonlived came) drl not change.

i n the caee of vontinuous suarch, the dutaction ronno (awonop width) ckcrutofk

- with increaning mepd duo to self noiso concidcuitlnna. Ar'1f noiiio int ciompouted of

* backgrotind noise, machinery noino, and flow noina. Or thutic Corponentn, flow

noc1cm Jr. di.bcn.-tly dotn: h '---c, !or nnalynlo thc .1thc.r

componentu werer consiidered to be cons~tant and Lattention wan ftcuned on flow noiso.

Fl2ow noiino di rec~tlIy af focLa Sheniorn taiinc broatd .rid ditucL uton. B

imnprovingj I ht. desir ijn of~ tijontt floml'tii r ,ttl tIii .An nar; triw hanLld 091a p jtt ro,:can~in•

the ef fevI or fl'ow noitbo on deti'ctio 3)tii caaiity can beI~ ruducu'd,

Wit-It broiid 1:iond detut02Iiont tho 1bonoflt. dori wrl fromt ticrona~d rtpoced [t

affttot by dogrcjradtiort of aunnor capabiliit~y wilth noe f no inon.

in vi thur cnan (luarrow or broad b)and) itA nct- thore lin ai conponout of

noeirchl rateo which i ocrunno tt with 6spookd and nnot~hot wlch l:tdc'crvac!Et~it an~ njcevc1

$ Ui ttcrrlaud , an optri tutm sorcnlLh npucd in intpl icd.

Ini I hr eniuc of tlpr init-dri ft ttcatrch, ito dotnutet:ion rarojr' In not dor'adrnd

by search npeord Bi nuc tht! -ucirchor li titovu;u only dttr[ loItho11 dritft* port on.

IllwL'vlr , the o n~ucd of! edvanre iH (It irlct~ ly aof toti i c y ti o atc tO Ii n, rianeja
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and drifting time. Using pausivwo monuore, ouch as towed arrays, •bout five

minute. Are roquirod for the nrray to settle downi and the avornge procaenning

time is about fifteen minuts., fiance, a drift timr, or 0.3 hr is usnd.* It in

generally accaptod that the next gi.neration of towed arrays (OC0 1980) will be

towablo at spoeed up to 80 knots. "Thorefore, throughout thih ann1yni.., it is

assumed that no time in raquired to deploy and raetrieva th array whnh sprint

opoeds 'of 8fr knotn or loan are usod. In the vatio of flying iri f t whore the

array cannot be towed while flying, a totnl drift t.imo of 1.5 houre is assumed.

Thi's allowa an addltional 1.2 hours to account for the time to deploy and

rotrieve the array.

The following figures dovelop a general quant:ification of the utility of

vohMale speed in vonduoting n bnrrier search. The discusnion uheetm which

accompany the figureu ill.um•natet the principal pointn ,F ench graph. Figure

* 9V-I addriaosu the idoalizad cavu. SubsuquunL ;igurfj.. u& O apuma cLin.t.on of

backgrounel t..A self ,ioinv ouch that the doteotflin ranqý is constant over a

soernhe'r 61,vd ranI1g from rero Lo ton knots,

I t in Iij or Lan t t u note thrt , JIn gcnera , the asunimerd dI vc: t i on ra ngon

arjo apt tamtntic for: present nytevmtu. They are viewd nim t hi' xn•i.ntirn purfor-

mancs lcevola whict.- forneoible tochIulogy imay producci,

"* Anislyrii of' P11,11A Vt' (ia iqi TacJ ', ii,, Uui iiq a I'Auvu AIrray, TIMk tRopotrt.,
13 Sujptumbuib 9 -/i2.
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F'igura V-1

I~cigradation of vpnmulvv mi~taction HaidOge
Duen to Flow Nolma Ve)irous Spooci

R/RO

CUrvci 1I~itr' to MoIcisrc,

.8, \ W~D ~ Data~

50.kdkia nVo
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rigurs V-i

Degradntion of PXAuivo Dotootion Rango Duo to Flow Noiuo Vorsun Spood,

Tho purpooo of thin graph in to thow the impact of flow noise an a
function of apood on the po|inve dototion ranga of a hull-mountud sonar.

Basin for the Calculation

Tiia graph in a plot of equation C-1, R in the dotection rango at
xero speed for an idealiiaod caro, wherein the eafoots of background noiso and

I internal salf noise on R. are assumed to'be mro.

Ti- meoasured data is taken from R.J. Urick 'Principloa of Undarwat-nr Sound
for Unginoorn, which givae a value for the incroano'"ii "-W"oaini• o•f•.'-db-/kWnot
I-tha mprnd -range 10-20 knots. The fitted ourva in in good agreement with

1 measured data in thin apeed range.

Th a d.iihed ourve reprramntn the improvamont in dntacttnn ranqu which
kould rhM nftr.R(c1fto I f A"W ItN VnI)t. j!.¶ I fo)v IMf,,I e wI r oL, Wncd.

1. Tho dotoction r-oijgo for hull-mountvd noti.r docrenonsl w.ith t.h' cubu

of the spood in the cjivtn npatd rnnge.

2. }I{duct Ion l ii flow nol tit by Impyrovwl d,'-ui n for LoaL LI tl. uh(m I d (o mu It
in i2ncro•lm4cd dotruct:ic!I rnrjw o aw,,l d(i viC d e4 d ut'n:iitivlt y to lip,(,d.

V-7



I ~Figur-c. V-2

I Probabi-lity of Active botactlan of aiI ~Tralimitinri submariiui Vuratiu ISoarch Stickid f~or
K ~CUInt. 2ot f~ti ~vArc~h

* ~ProbabiliLY oif Dataction

.4

V 20 knot

.2V 30kos

u 10 15 2.0 R

60,11,01 0;rca' (Knou I m



F~igure V-2

Prohbit 1L y ori WOW 11v0Ltuctio mu 0~ Tan1uilit ~j Rulmorljut VerhuN E;'t.? cl
UpeOmn for Coritinucnup Boduch.

* ~The purpooo of thip graph to to display the probability of datociirig
a submarine transi.tingj a barrier using continuous active nvuarc~h for various
transit spends3.

BOasi for the CalculAtign

In'the opc'od range 0~V 10, I the rangeo of detection, Ro in OPProtdrnntolY
const nt (-No~, the maximum rainge of detcction). i-n this apecinil case equation
C-6 mimplition to -L V(~

ror V 1 10 the range of detection doornuaves with incireaming speed as in
equation C-1. Thun, equation C-6 becomes

+

h value of 25nn is used for 'to which corresponds to a hull mounted sonar
unwder Mdeal aenustic conditionus, i.e., low sea Etato and backg~ound noino, The

"v"ut 1-0 fro. Aý Ir An "'~ nclmm lurnien for thvu maximum detection rannqa. Htow-
* g ~ever, ditfforent choices of Ito, would riot nigniticantly Changie the ohaupe of the

curves. 6

It wan artnumnd that the targjet speed, V5, had negligible effect on the active
search dtecition rainogu that in, we ignore poanible rc'turnum fromn target wake.

1. Pair ornt~inuS ng ac~tive searc~h, thv probnbil[Ly of dnLac~ion ccururanuuu w t~h
increaniiig~ tara-cot apood due to the ahorter timn of transit t~hrough the barcier for
higher speacdu.

2. For t~hc sniunmed eozudl tioin, the ciurve dtnpinym an opt-Imum nauircuh spend of
about 19k-10 knot.n.

3. PKt hihjhcr npv.cui * t-he "wo.bahiii y or detuc-t~ian d('crununo,u s ince incruaiuinqj
flow noul ti(curanumtc~ tho fi Iurn W me'rit of Mhe nvnnor. TIhus , it apjwonru that
hiyh uIJUoI( advautczd na~val vuhcdil c ha~ve lMuiILKd tupiLQ~,t i ni in rariontfucluu activm

OCYCfAtIT, Volurno V, ZX, Ceniter for Naval Arualynouu, Stiudy 0I'7, 1067, (t~INRCK')
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Figure V-3

Proknjibiity of Paqsivo flotartlaij cf n
Tranm'.itktg Biibmarita ,gtmus SoArch Rpocod for

Cotinuotio Souhrch

Probability of Dotiecticn

1.0

'~2.5 hrm
vc
1, 250 11111

.4

VI 1)k o ii ~ (

Hea~frrhI SIJL" A C KtWO)C



Figure V-3

Pr'obability of PAssive fletootioin of a Traliliting Bubmnrin.ae Vor.uua

saarch Spood toe Continuounn Suarch.

Purpoe

The purpose of this graph in to diuplay the probability of dutouting
a submairine transiting a barrior uninr continuoun panuivo ntnirclk.

basis for the Calculati.on

This graph is a plot of equation C-6. In aquation C-6 the dopondency

of tho probability of d.eteation on t~arqt speed occurs an a ratio, 0, i.e.,

S,
J the xatio of the detection range at Vorto Acarch upond to tho taryot mipend.

)It can be uhown* that i• icreases approximately lin'irl, wy h 1-arpit speed,
The OIRAMIX Study provides the fCollwihq rolationuhips.

Target, Rnaeýd(kot.j .etv,- ion Rnn%. .(tim)

10 25
20 .40
30 75

The rnt-in for this 'omputit. i on is 2.5 houri..

1. Tho prrabol 11 ty or tietactlofl in Jndov-rlnctoiil of thv t il'JoL npti'4d, so

long am the ratio in a conntont. Thu ratio for thitn comptitat ioll iii 2.t (huur•J).
V5

2, ThI ouptimulm 'parch spound occurn in the riinquo 15•-] 3 kijot,.

*0.43AMI X I CND, ,yn~tLn Anula Iyii r uliv 11 1 orn (MP-9'6)), Api1t.1 197 1. (UECREt.*;'')
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Pigurc V-4

Probabillly of Panriivo 1)atactitn of a Tranxi~ting
Uubtfarinao Veow~um tearc'h flpond for Spa iit-flrft. flatrch

Pro~babilit~y of fltitacation
1.0

-- Vs - 30 HiioLn f " 75t11%
- a . 20 klotp. It " soilm

1 ,~ - 10 knotb R H P.%npl

td - 0, 3 hr

000

0 2.0 40 610 tic 100

Sp ~ ~V-1 C 2 o



rigure V-4

Prabdibility Of 'AIDIUVa Datnut~ion of a Tranui~ting Subitnorino Voribun
Sprint spoed for Sprint~-DrI rt Iujarch.

* qThe Pupv of thin gjraphin tmo dimjm~ny tho prodibIA.lity ofdtoco~ct~ing
a trannititig subrnnrine uriiq tiprint~-drirft taciettca for wiricnuil ta9ijtt 11rimods

* and edrrompundingr drviau2lom' rangn.u

This grapih in ai plot n1r eqcuaLion C-11, whare It in tho da 'vvtiotni ranoii
and Incroaslou wI t:h tiirqot mipcldc ciuv to~ I inoroand rdia~tedc no.1i slo ,udi~In1(
to the followinyt

Tdr¶Jo~51udLno~n ~batuctclon 11M O W~ 2m

30 75

The drifIt time I t ,in tnkr-n to hi' n.1 V ir mIjm,. 4f '-~sd n ~"
for the nrrny to not-L1 Wdown and an nvorago of fiftvon m~inuton iii rcmquilind

for procrnoniog.

* ,I I I b 1 Jo owIQra I Iy amc-eclc'c th.t mLl nehfxt Igonv rot lii of tot- I AI t Ikrniiym (1()L'
I9U0I) wi) I ho- towtble lit nlioodU 01) up I 110 );nn t', hcnMcno, tic Littm J 4 reulmIt rut

4 ~~~to deploy and rvt~riavv tho arramy nt rivarchi ncmmmmm ofr 10 kmkuti oir lotiti.

1.* In th~lis crnao the probaibiliity of dotul~vciou ificrivnmicmi with Iiuij r I 0.
s ipeed and tarmjot. "1100d.

2. 1'or a dIve VO ipto~t:iiif ratinje thr- liv olbility of clml eit lo 101 1111dY11
climituilhibingrvtkotrril an1 Hnll int njiood iInurvctnun! hlw(vor , tht1 nIII i~l( In brc--

yond th(P Man'L11 u, mui inij apc'od at-I wh ich Lite arr ly LAD cm 1viV. vo0C110111 140 kniot.Fi)



Pigura V-fl

Probability of Pauniva Dotection of a Traiisitinrj
Buluhgitrino Verlnun Flying Bpoodt for 'Iying-Lritt flonrch

Probability of Datoction

1.0

.6

Vs 30 knot;xj tt 75 "/hi,

.4.,

0 100 ;00 310 400 500

Flying spomd (1,11(ituIII

"V-14



rigure V-5

Probnbility of Pauiv nvc otction of a Trn•nmt tjg Bubmarttin Vocaun
Iprint Opuod foL 1'Iyitn-flrift D•uruh,

Tho pUrpose of thin gjaph in to display the prhobability of datci cting
a mtsbmnrinea ttu'mpt:tng to trannilt o barrior u•Fi.ng flying-drift. tpCt:1un,

Da!ls -for thj1 CjhUlvulationm

* This graph is e plot of equation C-11,

Tho anl.ulation was made using a singla v.alue for targut, upavd, V , and
detection range., m, to i11untrato tho dilforonca butwoon flying-drift RAd
uprint:-drift£,

A total drift ti.ie, td, of 1.5 hre was usod which Includuot timne to deploy
and raotrievu the azrayl tho actual lint.ning t.lmn In otill 10 minuti oH nm Jn
the nprint drift coco. In tho flyinicg-drift cao, the n;vny vIinno.t bo towad
while flyingi honco, it is noecesary to include tha timna to deptoy and ro-
triove.

I. Thu prbhnbi.lity of dotn.ct-l u incrnanon won•o•teInily with I•i Fwrte
until about 200 knots, ntaft which th. lhrobabil1ty of deteoct:ion In vla]-
Lively inani t~;|•/Jvu in Upv~nc.

2I, Tl'hu probhnility of dntrctiui wo1 nlylmq-drL , t tn unnnintunt-ly lwer
thn• npjrr•nt drift, dun primarily to th, i ta r.'a•,o. driftt 1 0iv which dvr,,no1
the upeod of unevui , *'hn IwIIonuLt. of o L.ot.Lio . *oJc iulid dr ifIt t1i, ona o •opwo

of ttdvare in I n f1th Ilut•inaLted iin theu followihg fjuron.

V-i0



Figure V-6

Camparinon of Probability of Dotacition Vormue
Dpaud F~ur Vairiouti Harrier Saarc~h TACLIhu

Probability of .DotuctionI 1.0
m e a %s Continuouu Rcinrc~h

Sprint-ZDrirt Searchi
Pl- ~ying-D~iri f t Smcarohi

Vs0 10 knoiu
Ho w 25 nm

t I..%B hr
OWSaueDtel r a et

S.I DO 2 r, - - --

Ste SKOI

*V 1



Ficjott V-6.

Comparisn~ir of Pr~obability of! DrvLaction Versus flpcjed for Vairious 13'nrrier

Scarch Tactics.

The purpono of this gjrapht in to dinpNAy tho probability of puuunively datccat-
ing a troaiuiting nutbmarino uning voriclun aoarch tarticm for a gjivor tflrgot, *)pci'
and detectioen ranige.

mauia for tho CAickilat~ioii

This U~rvph Is a plot of equation C-6 for tho continuouu Cu~no And acquattion
C-11 for the sprint-drift. and flyinyj-drift. caine,

T1ho rPubmLaritim mpaoc in 10 knots which is An approxima~to optimunt ujnrid of n
submarineo tranuiting a pimniva acontstic barrier, Thin meults in mi narchildr'a4
Maximtum detc'ction rango of about 25 nm (not.Limingj idoni. 1lccitllic fuonlildiunr).

1ror the aprint-4eif~t camo a 'drif t time of 0.3 hr in umad.

At the preomoit level of ttehnoletjy, the atoount of atzratnn tho tawml sn~inor
cnwithstand limits tho mprint, spead in spirint;-drift search to undutr FJ ko0

For tI~s flying-driftt case. a drifl time of 1.5 hr in usadc to account foir

The speed ist the respoctive spenid for oacý tacti.c, I.e. , uorntinuourl, tipri ut:

a nd flyingj,
Princiiml PiontBi

1 . Par tiliomIb4 I aim t hnn 20 knotsn, npt mt -dy iet nowirchl and Coontitm oun ImuCIIcl
yield ntiproxi Invitly thwuanmo probahi iit~y or. dritt-Cl ri III t110' ipeui t-011-14 flfini
20 to, 301 knoti C nt iii In Umic ron lrn ur voiivuit ionci. miv.o~ vurmiun;i iipr I ft -d(Ir-i
naw~rch drowa.im 11ual]y impwcivtn thu, jwohbbilit y of do-ntol. io. Fop1 njuk1N1! I tAI ii
than 30 knotti, maIi r** IoIllt niuiktu ctiiit~infuouI nolrcih flur I I' -wtll1, buit. dooti lfot, hi n-
dor spritit.-dr ift. imarurh.i

2 * Thu probub ilit~y of duit~nrt.iont incrt-amocn Ioltinn~imil ii.1y wit i, mpiit lit. upou~d

3.Thr! probeohi I it y of clot uct- i on fur f I yfivij-dri.1 I: fnu.1r.i Ic ni rol ut ivol y In-
sIL liiittivo to IqlJlnkl InII ho1( I-mign conn. dorod for ii dli ilI tfinio of- 1.5 1 ii

4. liy Onorclrueinej thu dr ift: LiImo, a jiiqiiif ictnn I lifrovinont- Iin jitix lhlit y
or dotmct.'iAon I,, ohwoI indc cur f I y'i 11.--rb itt. loroc'.rl

V-i 7



Figuro V-7

apoad of Advtinca Vermun Sprint Spoud for Various Dlrif Timo m

Spoed of Advnnon (Knots)

SX~ , Snm

60

40
iL

d

0

4(1 .4

S.20 40 aO u

Siprfiit Spi:mc [Kiic:•t!:)

V-18
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Figure• P-7

Spe•ed of Advonco Vornus qJrint Spco.d for Variouti I)flt Tilmt,.

Tho purpoon of thiu gjraph An to nhow how thn spood of advanco vari'o

with xprint opood and drirL tivno for fi.xod duLocitlo, range.

Dasits for Lhe Ca•culation .

This graph ift a plot of ociuntion C-0.

Principal. coinjt-

1. Por releavrily short dnt".tion rankle (!5 rim) nnd drift. timo.i 4 of
0,5-0.3 hoUirs there in a cdiminishing r.turn in npuod of eudvance one a
spood of about 30 kntot. Au roach.hd,

2. if the drift tl~to can be roduced to 0.1 hr, improvomont- in upeo:d
of• advanca can be obtainad.

V-10
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Picturo V-8

ISwoop IRate Varmum Sprint Spoaod
for VaLriotti Drift Timou

8weep Rata (m2/hr)

250
t• ' I1 h• nm

200.

150

ara

' 0. 3hr

50

2 0 40 0 80 100

Sprint. riprind CKndt.i)

V-PO



I'iqura V-8

Uw45op Rate Vorutim Siprint Spueid for Various orift 'rimou

7qhs purpose of this qr~iph is to pnhow how the nwvrPV reit.o varian with

sprint spood and dritt t~ill for fixOd detoection rtilge.

Dacia for thu CalcItl~tLionl

This ilrAp11 in a plot of equation C-9,

1. Thin graph rihown diminin~hitg roturn in awooip rate for drift. Hmrnu

of 0.5-0.*3 hours whi ch corrolintei with tho spood or advance til tho provi~nul

figure.

2. lsy reducing tho drift timo to 0.1 hr, signi.ficanlrt improvvC'loIt. in

sweep rate can be obtainod.

3. or tb Imcdost- but. frnmiiniitly mn] it-icn detnot.IAi' rflnan gumimud,

unless the current. drift tima of 0.3 hr can he ra~dwocd, C~ho ponnltiy ill

incroased futil ~CnnumpLioll And reduucLA Pridurmncc' LiMO aL mpOitdLgrootLor Uhan

40 knotn would orobably far exceedi thm kinonfltn,.

V-11



Fiquro V-O

Spood of Advanna Varmun Sprint Spoed

for Varioun bntoction Rangeo nnd Fixod Drift TimI

Upoaod or Advance (Knoat)

dL o.3 hr

60 H •75nm

40 4 2511m

20
SIt 5nm

0 20 40 (tO UO

Sprint SLp:oocd (KI KOLI)
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liqura V-9

Spood of Adveuoo VerbuE Sprint Speed for Varioas Daotcticit flatgosi
and Pixed Drift Time..

Tho puvpose of thin graph P. to show how the' upond of ndvninctv vnrlbH

with doatoction rango for fixed drift tIMe.

A Basis of Ca1cuin Lion

* This graph i. it plot of equation C-8.

j~Lojjn. loints

1. Thero in rapidly diminishing returni in spoecd of advonca an at futiccion
of sprint sodat daotutlon rangns of- C25 rm.ndfiiotaof

2. The prcaigfgrn( nd 7)Imla oit rdof
between doutactiun range, drift tima, and sprint. npedl.

V-2 3



C. OPEN A"UA 8TAIAhCI

The purposeo f this portion of tho analysis in to invustlcjcto tho impact.

of search speed on the v~peoLvd number of tarigeta to be encountered in an

open area senrch. The oxpectted nundbor in dopondLcnt: ant tht) search ipouvi,

that target spee and direction, detection range, aind the density or toarrets.

The donnity of turcjot~n vmrian wit-h their diittancrt from port- In actiordanco

with the basm loan factor conicept introduced in the ovction on trnnuit. An

the 'distance from Port incrouosn, thu number of target pilat~formsa requirull to

keop one on atation incroaxon and tho total ftroni In which thrn target"

operato alno InurvaLse., Hance, for a givan forca level, the target do...1 ty

will deycrease wit~h distaico frome port. Thit conccpt is ilustrAtad belOW.

Inerevmuing t'n~n 1.08N Fac~tor

PrOperinti mu(j 160 iI"Go LOSS

Pert. Arva P'grtor Mnvsur

Thle e,.nrch sr'minormit and tc-chn.iquc'u uuPEd In th houpon i rc'a 1winnrmh Oro

I dvirt:i eul with, t itomm unvEci In the hurrietr avarmhi.

ThL tcmllowi~ii riguron graphically dimplcmy thju utility of vvead in con-

dUMn 19 art on pen arv rivmn rch nq i ingi. eif ui fornil y fli it r hu Led to rqe t a Thei WiiaLcii

- ~~~~whi ch accumcpaI iy Eutci r1yucrv. l m it IJMj1tt.11, prj'i ii(; ij1.j pjuit-ii or oufchc g raph.t

V-24



F'lquro V-10

ExptictcI Nufthr cif Targnt.i beotucttici Pitir Hour
Vuirmus Genrcih flpood fr~ tCrntInuatiuc AcUtvo Sominr Soarith

Iimpacr tcic Numnber of Ta rqc!Cii Da~otactr!
Por fliour

.4

C)P it 0 10

V -2',



riquro V-10

IUxpectod Numlbor of Teirgattn tlatactod Par Hlour Vaoruu boacrh Spood for

Cont.tnuOUM ACLiVn nonar Soat~h

T~he purpoue of thin gJraph in to show tho expactod nuidbcr of targots
detoctivd in an open aron bonrch an a function of moarch *peed invd fixad
targat; doniiity.

Palu% for tho Calculation

Thin g.raphlo an plot. of acjuatioh C-12i.

No 0 -dat~otion range at %aro socirch spood is 25 rim

Va targoct upead - 30 ),.ot"

I N -' targat donaity (numbror/nim Us 0.0001

Am in rigurn V-2, thc spouid raflyo hah bjonr dividuid Into two partim,

04 V 40adV ý00, wh.oro N, thuu rninga of d.cipt~ou n, in It and I 0
r*ýBpci~t I vti)i. Liv~it~on U-12 'in than 0

N SA(V 4 V 4N it 1 i n.*.---.. 2l J dqi, OCV 9100 8 Ii 0 (V 4V 2  ~

4N ri(v 'I

ft(V 4 V It a'e D in dY, V > 1

..Acontivi ,nt-iN opon urvil iL'.urcih uninij ar i ye "nivir r'nul t-n lit Erw taraciil
vnciuntit r n c'vnti withI h uiqh La rcjt: danumIt~y and int1 lml tiu' to n Iow tiaourchI spcoor

2 * Thu nuttihur of! dett-Acit~iun pur unit Litut4 is tu-na~v vuz-y outcjhtly ovor tho
uuparn ranujo of 0-lb kinoLu and thon doron~tui until it iN caMMAouIl ly avrD At about~
30-1ý nio u ri ~h faL putt IOn at, lo~wot~ o~woCai runl'ttii frum thp erjmtidao it on of

* two Oppuini IL tirrv'id.tt of iicutCLiuodC tiploodl

V- 26
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it. &lnce tho cluteetiui. rdtllyc it. Abuumud Coniut~tnt. uVr flicat of Iit~i iz.p.ud
ranga, increasmig spood increatiou the arue noarchod per unit time. Thim op-
Groton to incroaact datoctions.

b, Tito dyt4Imit05 of an Inrorasoing soarcihor speed and dIIIstmcc cionstant tar-
get apoods (in random directions) rornilte lit fewer tihioIY 01%rica Or titlryQUI
into tho searchers mw0oo path pOIr linit timo, This oporatus to docre.'iro Llia numbar
of detaction".

3. Above 10 knot*, the dotoctioti radiun dricrouanci with tncratiuing cipendc and
tho area @wept pur unit timnu levels off and thain docironamo down Lo n valuo, (if ruro
at about 30-35 k~nots.

4. Thus, for th nassumed conditions, thu rntice of optimnum nmr-acli .Piloclri in
about 0-15 knots.

V- 27



Expectad Numbar Of Ttirguvii Dutockrnl liar Hour Varniua
lipritit. 191-mal for Sprniit~-triCt. Ilvarmh

EkpeCtod Numbor of Detoetionto Par Ilour

0. 3 hr
Target tUmmity

1.6 V8, m 30 kLS

It 7511in

1.2

0
2040 CIO flu) 100

ppin S -o ~(Kiwj



Y iquro V-11

it ~Umpooted N~umber of Targets Doatactocd Per Hlour Vormus Sprint SI-wad for

Rprint-brift Selarch,

Thn purpono of th~is graph in to nhow tho expic~ted winibor of t~a ott.l
-' ~datet-aod in tin opeon arcia search uuing ayitint-drift nlarchut ~in,' high argat~

danuity.

f ~ ~~~~~Thin graph in a plot of oquation C-14. o th timrofnge.

Tile graph i ta irnt ordar approx~imation frtonido ftrjv
doctootred por houar and ±12 ustrac' tile impact Ct powhnaprlidif

A naara~h talutio in omiploynid. Tho following annuimptionin worat uhied in equation
C-14

It in thn eintuctAian ramejo and Incrcmnnes with targett nprond dLuM to in~Ornai
radiated P'twina according to the fallowinhgi

Ta rqLjiokntj arr a an nJ

105
201 so
30 75

Tho dii tt Limac,~ in takon to be 0.3 )n* hince J.1' ii ILutros f~vt, int&~
for tile array Lo t .I 1dw a fil anf nvu ran t, or r ir ohlii n0iloIt-i fdr j pcwviinul ,lt
Trarget- n that find bovii dottoctoc inl proviouvti uva'ct 1wJIl1 oli wo.ro. not ci l frucrnt-.tatlo
from nvw letoctionn andi cv'oi Vioh cotinled mori thril onuc , Tho opr1int di.u titico wan
G41l0me10 to hO vcjuL1 to thO CiOtvUthni Zraflgn it antd tilt siprint. drift uyclo wnn nuoumocd
to hug in Inl 1 hn nri nt ph'nar'. Thus, Lhcc numb..' r or dci'i ou anti at. zorr nvoodc wan
zero niI II!i 1110 vionfrchI)2 would Yi ?fl~h ro In riti ita Limo to innvi n1 t~prl ii I dinhi~nrua

It ill cjciiarfil y ac-c:.'plr.C thifl, tilt) nuxt. niri1'~rat I'' of towt-d liv relyl C TOC
19030) wi. 11 be Loawbo ( it Fij odo Lill to 110 knot n.

Prrl ljiieLj Ipatiit.ii

1.* The aximeIttcl niiiibcr or ciot ,at. io(int I norv'iikic wi ti i nvru, ciiil( iIiiP.1 l-

ft~O i Iid do l cILin 1-titlncjoi

2. * Pr ii ow ta rgr vIl toctA nid rodLJCt oocd do I ii . 11 I'dil q.', t1h10uhr 11.1tr ofI'
dviuct t.linii dhi npli 11,111ut iiiih111w.1 rottoriccu 'wit v1 w.ic laar'imoud,

3. rlpi int.-dril It. t cut Pillonhw ul iqoIntritvntiI impij~iitvt''tiit. flyr (loot I ilOM1
twauh..z
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Frigurc V-12
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ExpecaI~d Niunbur of Targ~t.n DutatoLac Per ~Ioua, Varnum Sprint Speod for

Npr~nL-Drift. ua~rch.

Tha purpoac of this graph in Lo show tho expacto'i numbcor o~f targaLri
deotutoel in nn opon arou inuwrch an a funct~ion of sprint. "Pmnd Atid low
target doanuty,

gamnA for tho Calctilation

This graph is a plot of equntirin C-14.

The basist of calculahtion im tho mame am in lrlquro V-.12,

Noto that. tho vartical tuale ban 1b,.en c~hnnijd from tho proviouh fgiruo
by a factor of 25.

1 hexp~netnd nuibcjr or datocIA:1)nm per hoa~r IaP lineairly dependont
an the tio-crat dntiudly. 1"'er oxanpjuo: Dorva.rcuing~ tho teirgot clonnity by 4
factor nf 19', rnm4timtI In Ri -.ww~ity-t'ivt- 7nreA H?1t-~IrmnIr im dnf~j'-Vino jar h!'klr.



Figuro V-13

IExpacted Numbar of Tanatm botnet.nd Pltv Hour Vcoruun
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Pigure V-13

Exported Number of 'T'argots, Detoctod Par flour Versuu Flying spueod for
1Plyitn-Dri ft Sporch.

P~urpose

The purpose of Lhii grnph is to t1ow thie expeotcud numbor of targeot
detocted in an open aron nearch uaingq flying-drift s•arch for low tnryaot
density and vnrious drift times.

Basis for calculation

This graph is a plot ot equation CI-14.

A drift time of 1.5 hour in used to account for doploymont hand raotieval
of the a'rry,

A drift time of 0.3 hr, as used in bprint drift, J-0 acno shown to damon-

strata tho ahuaitivity to drift time.

1. r•r drifL tlinu,, of 1.5 |iuur thuru 16 a diminighing return in the
oxpectoc nuwbar ot €oLtecLonu per hour with .ncreoauIng flying kjpowd.

2. My roducing t.ho drift: timo to 0.3 hr there 114 a aignificnnt lncreann
in tho oxpuctoed numbor of dot.rctionm pur hour which incruoation mt.41otorni.ilily

with fJyizii spovd.
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P. SUMMARY AND CONCL~PnIONS

The utility of fipeed In conducting amaroh operations for inuboi~rino

-targets wtas &lvontigntod for two canest

* Darrner sarach

* Open-Area nonrcih,

T1ht6 soarah teohnliquoN employed in both ccneai worei

0 Co~ntinuous cabive aind passaive nuaroh

9 Sprint-drift seoarch

& Flying-drift Cacach

The barrier seaarch rejprapon~ted a woll dofined area to bo msoarelhod with

a high oxpeotation that a target macy attempt to transit the barrier. The

principal parameoters in the barrier cauu arei searc~h apead, tairgact mapoo:d,

61~%,lt ritayiu, dJ~L.ý L.~mi anji3Jdrir diM~oUMions.

Then principal pointua In the b~rricer search arcas

* Contlnuotvi acive Licarch is limnited to Hiow naciroh npoocd du' to

inernatiaid flow nrui cia wi t.h hint oauincj wai~rcl sopud.

* iFur cofltinuouH active or pavive mcidareh thon' in nn optLimuml~i ue~rc'h

mipoad in tho rangeo of about 3.1"l-d knots.

& The critical p~aramecter in usni mj eithor sprint-drif!t ar flyin wj-dtifL

taction in; theapeeud of ndvanico sinco thisH direniLjy affoCtrl Lho s:wrnp rate,

Th flc pooci (if adv.Jncu Isi diructly tiffuctrid by tht! dcPtvc:Lirmn ri3ntju andic

the drift timr,, i.e., for a gi ven ciprint. opood, tho spronc cIT.ndvanca increrinnu

wi th i nturai'nt ,:C cttoc.t-ion rantjo nnele duoe:c'ined l i :'n i o iq timinn
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e Th0 required drift time is the sum of mottling time and proconsincj

timei in tho Casa of flying-drift search, it also includes the tinm roquircd

to deploy and retrieve the array.

The open area search represented a random encounter with no prior

expactation of the presence or absence of at target.. The principil para-

meters in the open area soarch arai searoh spoed, targot.spead and datoc-

tion rango, drift time, end target density.

The principal pointo in the oen area search orea

9 The expected number of encounters per hour varien linearly with

the target 'density.

0 The density of targets vary with their distance from port in accor-

danct, with th; base loss factor cone opt introduced in the section an trannit.

As the dintence from olrt inrneruv,, the ,dnmbr of pslaforms required to koep

one op station Jncroaeson. In addition, the •okal av1r-n in which the targets

opornte also incroa~ou. lionce, for a given force lewvl, the target dlonnit:y

will doureano with dietanet, from port.

* The v;aewe gonoral conclusions in the barrier ctaiv |apply equally to the

open nrcn case.

Advancen in technology which would provide acronma thn board fmprovomvntn

for all unienou umrut

e Rrdu'.Lion In flow noiine cdue to imprc'.vd dr.m'9jn or coatingi tin hull

mounted atun•iora would incroaao ,,sarch speed for contintioun avoarch•

e ltichlut.'it)n in drift: t ino roquirecmonti would roeusIt Inl incrodmnd speod

of arlvnnc;, and, hlnee, nwoop rate for fiprint-dri ft or flying-drift atuarch.

* Thare I i a trndoorf butwoen deIOtCLcion ram•nj Mnd SIpood of advanlee. All

the dutect ion rannco i; I ncruoovted , otn ilpoecd o• atdvae. i•lre•aenn for n given
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%prnint speod. On the ot•,hr hand, increased sprint spood ranults in hiLjghr

fuol connumption and roducad anduranco timo. This tradooff ccutld dlo be

.4 ~Kextendad to includo cont conuideration,.
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BECTION VI. RUftSUXT

h. INTRODUC'I'ION

The subjoct of pur•uit ham long boon one of much study, since it in an

esumntial ingredient of warfare between platforms or peopo.le Its roota lie

in the antiquity of the hunt. Much scholarly attention hen also boon given to

the subjeot of pursuit duo to its aspoot of relative motion which, while simplo

enough to duecribe, gives rise to a mot of mathematically intersoting difforen-

tial oquations (see, for e•Nample, Z.•yodc~tion to Nonlinear WI.fferoetiAnl and

Intoagvil .uationq, by Harold T. Davis, Northwentorn Univrsi.ty, Septombor 1960,

which, in the introduction to Chapter 5, attributen the origin of the curve of

pursuit problein to Leonardo da Vinci in the 15th century).

The aoolicatienu of interest in thim bnic situdy nf p.lw.imi4$. 1- .iAUs.1lf

forms involvo fairly elementary consideration. 14hito they hAve probably been

examined and dscribod many timoe previcumly, we have found it e anivr Lo dotivo

them than to find tho net of rufaroncoo dealing with the paorLinnt specliic

applI ca t ion.,.

The basic caloulations whome ronulte ara douc'ribud Inter in thin,• nction

are based on the followinqg yometry:

VI-



9IllitiAll Position of the Pursuar

.quiolodilnormtion~or P~utjoof~uu~, :70The Point of intorcgejg

Thle pursuad vehiclo (haronftegr llpumieoll) in at point 0, where lie is irliti-'

alay dotectari by the purnucir at. point Q (aiticrneitivoly t~he purnuor reoaves

equialet iforatin fom n attinnlmouon)andthopursuit begjins.

The direc~tion of rnolmmont of tho purnuno Is nklany Lho pa~th 0!. Thu inlLor-

section of OQ and 01 fco.ma the inittial trc n ,0 iedat~oction range

(miore ganorally, initial ncparat~ion dini~nico) will be 'considarod to bec unity so

th~it nopeiration diiitaiiuon throughouL the pureuit puriond can hu troaLmlr au ruul-

tiplum and friaotione of thia dista&nco for tho firmt few basic cal~culation.

I.-
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The pursuer han basically two puro tactics, indicated by paths A and R from

Q to I (the intercept point) in the diagram,.

A. The "pursuit curve", which Lu the pursuit ;lath which result, from the

pursuer continuouely headi.ng directly for the purauee And vontinuounly

P •changing him course to do mo.

9. Thu "steady bearing" tactic, which consists of making tho nocenuary
observations and caloulatiLne to predict, a point of intercept t and

heading directly g',or it. (At the appropriate speed this constant

heading results in a steady bearing pn the pursues wh|,ch is maintained

until intercept)

Tactic A, which always reaulto in a starn chasoe in typified by a homing

F weapon or a pursuit vehicle whose speed is high compared to that of the

pursues.

The angle 0 AI an important parameter mince the larger 6 is, tho greslor

tho speed noecamary for succosfaul intercpt: in A given time. Time to comploto

the intercept is an important considerntion w.hanoevrr the specific U' ni1(icm

dictateti,

The thihrd parameter employed In the following analysis is the dititanva

that the purnues travels from initiation of the pursuit untl intercopt (i.e.

Or iii Lthu diagrami). This diutanco, 1omot•m.m knaii tn "cotpturo diil-ica"', I1

used au a moamun.u in thu bnuic analysins. It iu pluLted in tho firtit few jraphu

me a function of the pursuer to pur'uoe upeod ratio. It in nignificlant ini

A myrjiad of mixod tucticti, govornnd by upncificn of othor par.mnetorR,
gori.nto altvrnnLivv jlit.hu whilch 11Ii bt:wuoon A niii 11.
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that, coupled with a knowledge of the purnuumes opood, it in oquatable to the

tires to intercept. The measure of effeotiveness of a naval platform in 0

pursuit mission might be spectfed in terms of either a time to intercept or

a capture distance or both.

The following anXlynir of the utility of speed in pursuit addresses two

general canes. The first. is the busic case where the pursuer continuously

tracks the pursue*. The second introduces the problom of intemittent tracking

and thus addresses the potential importanan of speed in reducing the impact
of uncertainties as to the purmueo'an location and actions,
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Do. PURSUIT' WITH CONTINUOUB TRACKING

A genoral £iaation of the utility of speed in a pursuit mi•oion can

be obtained by inveutigation of the affects of incraaued purnuor spmed on the

dutancue the pursues moves before intercept is aoaompliahod (i.a,, capture

distance). Thiu diistance, howlaver, is afmo a function of the initial track

anglo 0 and the separation distanco at the start of pursult.

ligure VI-1 providea such a basin for the "pursuit course" (tactic A in the

basic diagram). Oonurality in achieved by exprensing the purnuar p•eod in

terms of a ratio of purnsiou to purnuue speed and by oxpranaing captyLuro dia-

tanc in units of tho distance between vehiclou at the start of the purauit.

The initial track angle (0) is parnetarisod from O1 to 180 0 .

A" the figuro indicates (from the point of view of clouia]ning speed capa.-

bility into a naval vohiclo for the purpona orl inf..iann Involv1ng purnuit)

the speed range of intarunt liuu botween about 1.5 tWinl thu potuiLitil purnuuoa'n

speed and about 2.5 - 3.0 Limon him aeasd. Hatioc loan thein 1,5 rosult in long

stern ohlnun for all but. wnall 0le. lhatiou groctir' than about 3,0 would appoar

to produce um'ill innruinnI r6turns and indionta ronort. to other mnoan, (nuch no

improved uurvoill1meci, incir•naed woepon rnngon, force lovol., cite., nl tho sup•-

c~il ic mission dictutou.)

*This iniidhation 0l no holds foi: the "utosidy booting" tuctics n• rnhown Ill

IPiguLr'• VI-2, which coimnprom tho ptiruuit coutr'o cocvo for 0 - 00" from ",iguru VI-1.

with thfit for an puarl it. a inninnin iiq as ste•dy hen ring, Note, howovor, tho



diE•ference in offeutiveness for the same NpeeOl capabilities within this region.

Vor oewpla, with the steady bearing tactic a pusauer to pursue* speed ratio of

,.3 produaas intercept before the target has traveled a. for an the separation

at the utart of the purauit. Thnt is, a capture distanuce of less than 1.0. A

pursuit course with the sioe speed ratio would result in a capture distance

of about 1.,.

Thust as one might axpect, the affeot of platform speed on pursuit isuenion

copamility in sensitive to the pursuit tactica. Additional important sonsitivi-

* tioc amerge when one considers other parameters'.

An esxample is illustreted in Figure VI-3, which shows tho effect of defining

an itnuuLuuiit as tuachiLtg A point Itom which ths tartjt WUiuJO bC A ik.d by

the purnuar's weapon and examining the effects of maximum weapon ranye on the

pursuit capObility-mpuwd ratio function.

Note that in this figura the ordinate in acLua1 capture diatance for a

apecifiod Initial dotcution distance of 20 nti. Thobe dimonaiionn sugaost a

mpecific 4x1mplo whore tOn puruaer is i convoy escort who hen det•c•tod (at 20

am) a vubmarinu attsmpting a torpedo attack art the convoy. For a required

capturo dintuitn of leon than 10 rim (which mAy be vonsidurud an thu distance

the submaurine must. travcl befoeu he can affociivaly Ciro Lorpoedoea) an anoort

wapion range of 10 nm will permit tiniely coonterattackaj with an anuort to

vuabmarino speed rntia of about 1.7. A moro rAngi e•aort woepon, auc(h an dopth

chareaS, would requira a upeod rotio of about 2.-.

Note that capturo di•atanco •ervo as a Imeaunru of affoatAvonognu of the
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utility of apobd in this particular pursuit mission. A naval platform mLght

be directed to pursue and intorcopt some other platform (or force) before it

'oadoham soma points a unit in a barrier Imy -be required to make dntaotionu and

intorcepts withini a bounded arean ate. Nate alno that apeeif~yi tug a turget

poued makes capture disntane equaLable to time over whicih purnuit take. place.

T arget Speed

Puenlit time so defined provides an aqualiVy 6onvanient pfrfornmena parameter

for invamstiat1ion of spend and weapon range trade-off. n thOl pur•uit Inisionl.

We illuatratre with an Assumed ucenario in which an advanced nuva. vehialo in

assitgned a miuaion to intercept and Attack (or poso a dat.xxing thruat to) a

surface force proaceding on a steady course At 25 knots on some unspecified

mi•ieon. The initial separation is 200nm and the target oourse in porpon-

QIuulut~t Lu tliw .tnILJ~al L1.ditig (0 -. DOCI).

PNguro VI-4 indicaton the nature of the trndc-off for a l'ot.crt.i'ul purnuer in

this sconaria,

The nominal 50 - b00tim rango of tim lfarpoqn u rfa'." -to-tirf•a•e miufiilo prao-

vidun a conveanent rofvtrenau for compnri.monn. A dis.o ..cmioit liul in currant

inventory would require about uight hours (at 30 knots) to ronch a pon•ttion

within llarpoon range of thn taryet. An aiveincod platform oap•d•I Of about 50

knots (and narryJnU tho ,nsfic weapon) could do no I.n lunu than four hourti. Al-

ternaitively, oquippinrJ the curruiut hull with a 11 inln lni niJ. Would olld aim uum-

pluto the purrilt phina in about A hours.

Mora niqni.ficant porhoam in thi Indi~ation that the trado..ff tond:j to

bhotonO moro f•cvornblu to woaipon range Improvomont. at tho juimu'iLt 1inito roqulro
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sents become more demandinoCi.e.o puruiLt time deoreanes). A two hour requio=-

sment for a varpoon equipped platform dichaLos pursuit speeds of about 75 knots.

This requirement s also mnet with a 5o knot platform and a 110 nm mnssile.

While -this oaampl.e li specific, note that by proper |oalipq some generali-

nation ia ponsible. By analogy, similar inferences can be drawn about sensor range

versus platform speed where the min.snn is to achieve and maintain a trailing

position on the purauea and the weapon range im analogous to trail maintenance

rango pf thin sensor.

IA
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riqurc VI-1.

} ' Capture Dintanca Vorauu Pursuer To Pursue Spoend Ratio for Various initial

Trac1h Angloe

Purpose

The purpose of this graph is to show bow capture distance varies with pur-

suer to pursua• speed ration for various miItial track angle,. The pursuer

employsa the pursuit course tactic,

flaah fur thn Calculation

mh.o crves aOr a plot of equation D-15.

ror calculatic'.. th., "'4,rtit' nsit aio- v.ah vi d

dous not maneuver during the pursuit. b

The capturo d1istance displayed on the ordinate is expretieod an a multiplo

of tLm initial nopar.ation distance at the time pursuit bqgtnli, i.e., A capture

ý.iutcrtce of' 0.5 means the purnuoo travals a dintanco oquitl to one-half the

initial moparation distnance before captilci occurs.

Princ2.Apt Points

1. P'cr a glvrý: capturn dintmnco, speed ratio rrepuirmnuntn bavoms mora

otringent on O (the anglu botwtion purouar'U couruci and initial line of sighcL)

incrocl•:O trom 0° to 1S0°

* 2�. For nil anglus, tharo are dimi.nilhinq x:aturns is tho sprorl ratio

VI-10
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IFiguro VI-I

comparison of Capbtir Distances for Purmuit Courus

lind Constant BHearig Lnkervopt•

Captura Inaf~ge
2 Z. 5 Purklit Cour'l ,-

Constant Bciring ......
Intorcapt S0 a 900

Weaapon• .ango. 0 •"

2.0
Unit ofcapturo dintatcmwui.mUif • I separation between vohiloul at

.the start o0 pu0uit

0 4

PurBuvr t.o Purnui ESpo' d itt L

4Il~

VII.



t Figure Vr-2

C'nparivon of Capture iestanoss for Puroutt course and constant nearing

Intercept.

Vho pUmposo of this graph is to display the difoarenon in the captiira dim-

tance funotion for the two basic pursuer taution (pursuit couree and steady

bearing intercept). .

"The pursuit 0urve is a plot o equation D a15 AnM t"' "nnw~un boarins curve

Se A.P1o of tiqualnt 132

The capturo dist•rce in as dofined in Figure 1) i.r. it is a moltipla of

the initial separation distance at the time pursuit begJ.ns.

Tho purvuco doso not mlanouvar duringj pursuit.

Princuionl Points

.. A capability to follow a steady bearing tactic (whitch may imply greator

demands on vensoro or external data links) results in reducod poeed roquiru-

ments for thi tuwii .-npture distanoc. Thin dif,"atince U4 groatapt at a "pea

ratio of aljout I..

2. Alternativuly (atirl porhapH more significantly) in this sauiio rriqlo

tho ateady -)varinU tacti, gro.itly ruduc•:o cnpt-t r dimtaicwo fo, aniy givan proad

rVat-a.
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riguro VT-3

Actual. Captui'o Distance Vorrjm Pur'nu"r to Pursuae
Spoed Ratio for VariousL Purmuer Wonpon RancJan

Aotual capture Diut-anrca (nm)

50 - -i I l~~nitial Dal•(tecion Dint~anco

0.900 20 nm

* Pur0 ut Course

40

; -30

I .20

Wn~porn Rangi - 0 1Iwm
10

I i

0 2 '1

Purtmer to PurotiO• .J1r.1id R, Ito
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Figure V1-3

Aotual Capture Distance Versau Pursuer to Pursuec speed
Ratio for Varioup Pursuer Weqlpon Ranges

The purpbue of this graph is to show the inte-rrlationship between pursuer

to purouer speed ratin and capture diotanco for various wonpor ranges in the

pursuit problem,

basis for the Calculation

"This graph is a plot of equation D-19.

L.IO prsupr employs the pursuit courno tactic. Capture ocrurs whon the

distance between pursuer and pursue* equals the pursuer's weapon rangej the ac-

tual firing of the weapon is not considered (iU.., the flight time of thn worion

i. tachir, t bbc zaro, the w.apon luA.. Is Lakoii to lit infinitui .

Principal Points

1. For weApon rnngunu luon than half the initial s0partiLion dimtanco, the

Capturu Dintanco versus Purnuor to Pursuoo Opelid Rntio curves are anymptotic

at 1. If the weapon rnnyo in great:er than hal' tho initial auparntion distanco,

howover, tho acymptotu i. fhifto~d to the loft, e.g. , the anymlpito in around

.7 for a woapon rdnye of 15 rim. Thus, if thu woapon ranija In groatur than half

thu iniltn| ,inpnra.'.lon dizitanco, it in pousibla for t~io pursuer to capture the

purnuCn evon thouigh ho has n losaner pead.

"P 2. In tho osno nhrwn, in tho regtion nf higo, Hpvd rationt an inc-rc,•no Il

* wonpon rinuIgCO allown for a larynr rcidtictAon in roquciird rpend ratiloas, tor oxamipla

a upood rntio of 4 is necwcinry to obLain a 5-milu capturu diit-,1net with zero
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weap.onl zanuig a 10-mile wonalan rangu redlucesi thu rczqu i rL!umuI to *IJOI 2, an'd

a 15-mile wOepon rangn rediaaau it to I,, The effect diminishes rapidly at

speed ration below- 1,5. A similar effect in noted for the constant. buaring tac-

tic.

Y I

'I,

I.I

S... . .. J•.



F'igurn v1-.4

I S~~~~urnzuar Weacpon~ Range We=t~i Purtsuir to f'utiiwn
Speeod RtAWi For Given Time to IntaLrdufpt tPurnutuo

Purouur Weapart Rnwge Cnn')

I ~In1itialRepra-JUtion

Ditave- 00"

*Optimum MUM~1

Steadcy Boaring

100

i0 (1 I 4 liourm t

1.0 2n3.0 4.050

I'lir&bufr tW Iuriutwo 8ljueil HNat i



I-*.1.ut. VI 4

1hirsucr Weapion Haclngi Vc'joun 1Vuruu1LI) to 1'IrLiau~ 11od t~AU for GiVen, Tintoi

tO1 Iflt.oZcvpt Puirnuunc

11lipj iIlQ11o IQ- t hol p(?3.61.ihI: prItOI110 tradk!-oV botwtion hiri wasponi rai~jopu ned puriiui t nponri whtii thin. purguvr wiuit deloia Lh'! pur,,unn wi.thin .1 civun

time.

In tho case 31hun Lratcnrl thaC opt.itntim prirt~i-it p~Lt*h (iohlidl i ntn) Am cinurn whivh

lion batwoon tho puro piruriItt tarAt~c adic tho p'.Ic taitmty bear.ming LaciHc!. Th I L

path convistmn of takinki a.nd moi..taleni og a Irnad numqOv whic-h rntninimizn 'fio npý?nrl

riti rau1.a tocm.imwoo ronl'fe (ir ow~ liiicntic wi thin Ohn pro.naribvd

tima per iad. Tlhun, thin ptir4Iuer t~nci L: i.e 111.11. t irl ai~ nt-owl((1 c'ou1im bl. l n~ fot. a

stcieuy boEarinji.

F~or a, aurc wc-epon irinrnJ capJ..1Iii .1 11 y I Ilk, rl tir-wI h ic tht! purmor iraot treivo.'

in the' Ilr-CI ri .I 0 I Ilw J . 1 1 Ill ii yphmy (e i, mri ý fir ,i q ;,,I I o. ri' %vt, nr e.I M . 11 I.I !I il *

tbu initll fi vpOTO l no cliftiwo in. (11) Anid Il IIwi ut !4 1 1- Iwo' Imulict o f I h In llrpec!tI fir

U 11110 Uid thin jJlrl1UIr'i 'mm jiOrd. The 1111I, r I ho I I ii'-w1' I f .'.jipoll Egl ubt.dc't ?I (i rec~t Iy

from tl.ir r'cjui rnmiýnt, no t hioi t

'1i Purno' jier.d1 (Lit Ill hi w 21)ml . lotofn

t 'I'lnu s) iitmo ul-lt (vt-i

NOW"�



D Infi tial ouprivirati diontIimit dfl (I" thin coi~u .Iuu nil

'I ~ ~W 'nqn of putiovcr 'n wvtiuijiu (11m)

lho duchhcl line for t~he twn mout. reuqircrmunt p1late tho namci information

whttra the puetiuur uucncm thin jmir.e Sully heari ng tactic, Ini which, by derinitlonI

(for the tnuocl U.30 Lai'nUI anIVIh. Meh intiMGiM= pj)UELI.r tu uo a spoI~i inUICd r~atio lii

I nitial seipairat~ionm d i.m linul Can t~he I Ltormnt io~n iiof thjmt no lid l imne.n Aniicat .,s

IW Eapproaah.iuuh n, morilar Ancid nngi.1nn prnduro. nam tlioir 1.ntarcumptsti At iWor purnuer

N speed.)

tj insarn2 1.'silo.i i

1. if time to L"Winisp In l)L PY I I Iai I o . , ti tin' ono thu order at~ I

hourn nrn 1.41b I.' !I.l n-**-'~* ' i t, fi llim' tiqitli vmcnt- Lo

Jairur- clmanmir.'m in oii '..m im i ; . m u> i;1. II; rlIIC tIk'. !iI'LI rit.Ic frotmim

4~ tom 1 : IN. r!"ilvai-1i It, 1, I ;wl- tim i. 'I. iin m . t, 'rm 100 mi

to 50 14il1.

2. 'ilim tm mti--f- J1 my m ii I~ ii~~i.tim m~~~ whom.

t. I Minn to I iti' ic-vIO i i I :-niarmit. A t wo hoii Ii t toqmi mý,rO n IIa ' i tit wm'ilipmma rt-quI iLue

it litirimlm-r Iil pxiiiiw np -d mi l hi (. i t' :n i * A i) Ino t i '.ijiama in t ilo tt, Ow l.iimnh rcequirv-

unmit: wit I i t 11iimn'ii 101 1.1 i 'I '.2
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C. PRSafUIT WITHa IN'lIT.011 '1'NT INITOMMA1'1(11

The PrOVI OUM U MMb9LQ OM IaMiM nireilma L z hr'111 caut;r wherein Mu purtuct ban I~

3000088 to cons~tantI iniformaioni;ii '.AhJ 1Q1319c.t KU~ 1.19( pruentuun laocati on. How-

ever , puimiuc A aif r: Iun can ) Im ilti~mi LIcnI I"i "aii1ins. An axamit9pit of1 nuc:h

A 0080o 10 a sonabun~y 1101'd I orunl:d ini ~Lho Oponi L cai WA Lb the capabil ity ti MaI~y

purn1(ua lountsLlan djLj to an i nfl~otmeti, Iwoo 'oul nj eon.rIl.. A~tnr inhe:rprota'sinot

of the infoarmati~on, the onter~l Vana thpw Wormatn~1ion to0 a pla~tform aun aloch~ andi

:, ~~veicitors it toward itdrn1-..i. d ncr~cud i uu lui A vurfoun chibp orj nubmaiudno tranni.t-

ingj throughj Ch 111 ~I. woulud In datuctokd by onrn or moreŽ buoyri. Unironn Am~ nnrwuor

radii oeivrlaip rjupf In informnul: oU cc~ur . If nu ?iaVH of huoyit In tu ri.urud by

the AnrulNJO p~ntformi, coord.Iurito in armaiI. on would br' Iroe.9Mueio andc rulayoid to

tho ursui~t johAicle.i F or eac~h plea,' A' ti.untorluiiL .un madeo avalla1jL9u thu uncut-i

t.ainty of p. uruna meanu 3acanunt1 ini rudtunud in .. vn]uo commnoonr~untoc with thba Wayu~-

Inul-ionf 3)ror09Mtnin ILaun, PiIlTICI) uiyBO accrac andJI119 sltiho fupotd Af Chon MUMrr~t Th

fu~l l'A fJit] YOM iowfldp vX iruj 91 If I,.. t199 ahovo i '99:9 91

\11 Ii 'V 1'V

prwh "' 1)C 1 . I It y or dot' n-1I km I I t9N. 119 1999

W *. awi I~w 11W 1 9 991 Ito i 9191 -it -Vi i,' 9 .-W of 9 L ;9. lit toijI99, irt 199ti999

A loc1199 1,tt 99tw iirite-' (if I lie, 9.9919111iw, lt-tIv t". 99

V13 Vii.tocti.y t' iI 999.

II * Intial 11911.91199 tl 999 I Ih 199 i In! (9101ro illaii~l riocdli~t.)
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T11 intaprtatA timiII (tima rnicuirod. by proovi't~ning et'idtor to rocteiva,

intlorpra. nnd ruaiy intoriznnttion to piir~uil plid~form)

Tho aroa of purmurie uncortanrihy (A) atimumding prrIuot; fidtialol sonobuoy

location, is n Ornloi~ of radlun V., t. wharat

. t w Lima fromt nonobuoy dIoLoctioti unitil pulrnuor rcct.vori &inothev
uinnor vomtplct.oa )atin naneictt

d dirLanrcum purm'i'r troivij1 bermeo a nrnw u ip ta ov until complating

in tho ra13owint naivilyity Th w0L4 1AHmII3d to b.- Z01:0.

An oth unuiiur~tmiLý or h ini inerciarivel, tLhn probability of' thm puhrsuit platformi

4 ~phatla hocunu'n 10111, likcpty to' civlvo drcia.t ly intoc aiotn:k. Ali ant~orirn Search

wil ho3i~ rncquirvd'.. Thum , nit .ticiru'~~am In piirw lipondr nntrri to dourvn'c' P D

and tin itlraimlaa in pirtniarir liprilor Ctlim't hC oppniili ta.. it-, Own wmaiia.14 to boi Clu t r-

Inie f VII and( V1 , I rni,ivt po I c0i thr tormn i n tho priopiot L .1ramal ty.

Thou imcut.-acy liitacmrni taor, A , in aIn utiotln cirt hn iiaiuiruitioti doivevud from

tho Ilnobtloy 14yltlit 313 V-ti rIt ion prc.bmiiy wvil I lict I nr im3icWo th iq piarnnifitar sinca..

it ini liffiatrcut. to FI('IImfr t.virhaalIurjy , raatwhr t~hnn pna1r iiao ch~irditarloItxi.I& How-

ti-r, no Out~wit in NaH~i;.am C2, ~iti'AtCHI, tiennaim, flwaith wi ci t-1, ws , An it runtioton of

V1,, fLont amnm£uait.i i i aanr. Aut I. tn~na.]y , 4m ± arv ~atm! ri V'I, coulid roulli . ill

flIrhT I'roqtient cauliat~imu by hi non'Iolabmity f tiold

P~roy leAl O wiI1~t. ~ it lll. tosuul, rocnat. II I awl vonitlmmicot ifon (C ) amynai tafl n x sija whiiil

jiormit it O in c, ruly of ipd~at ad la anitiit iotii Iin ani;ir rvld1-t..Iiwi, th vitim yiof DI, 1thu



.............

di ninnc-c f rom pm i-tiot immicttI .n r~ jt ill Iii Il Iy 11(t t'fIitl. IIiatod li unn

intalligonco han much tha ccimo inpnct. tin Incrosoud purilutr upood.

Tha followingJ narjqnro of twol f1¶JUoNl- and dincusulitn sho-n uo~n Ino r

raistod affeLtil of thosol dcituvtioii nyuilmntn parianahnru arid the. relptilvo vatooit:.taui



1tjImpa t ur ".W.d Wi th ~ It h .11 8v.1 iull. on! C Ili r Ih 't i b.04 I I I y u(i lt v,-1 i r

Probability of Dcutectinn

HipparakLiro Dimtsttmeo att tinit

1-6

.6 Swath

.4 widthI ~Rbfltn

0 .1.0 2. 30 4.05.

1'LIILU~L te I-u~t .~ Iit41



4ý

P*1 cimn V1'

?jimp~act, of flW411. Width anc Spowl ataIio on thft. Probabiit~y ni httcitS.O0h

nhill figUto 911OWfl Lti tradco-of baILw'oC n0 the dutecti remln'c cutpabiu.l ty of n

purcuaIr'n ano-oard vannar lind i Snerummil~ piur~ucr nP'ond.

I~~msic~Abs l s~iataiion

T'hium in ai plot of nelknt~dn b-3.3.

Tho purn.uor ructotvcn i~ntor~mittaiit inf.otrnLim' ont thu luci.-al-on orT 1:1 purnutio

and cloman the 3.Ht~ ktiowr poriition. An hu clovan no, tho nvna of! wuncrtnifn¼ ýJVrCw

as a runt-iotn ouf tho Sipood of thci purnuee a~nd Omh tirno equircid fot tho purmuui

* ' ~to reacth this poidt-ion (this tifio, in tkirn, itmarnaotri with tho 1.rdtial sopiria-

* ion diuitance and deavroinoo whii h It pm-aior' Is pand)

Thi Ii itmlo I fhji 0 nurimai RN frA o~ujincir nupLc~m ror Ltuo p)uI-!'ijjr whiuch ham ca uunritunt

fiwath widith. 1h 'iic cnhd.Imbiityi or CdirtcflutAint with in thin nwdttu IN oumv mit n LiI

it FI ui .C'rcu (I v~. I t "Cook ii-(0uiLu Th,- pur'u'r1 (11t "1 i0 u 11,M thlowilrjt I i ~un

* ~~of %iIncloLm~i nty , winl in d',igc no hlunon ti. hilrilrj t hri 1 I kunown ptmi' It n api tho I

fpurnulc,c harriFIt. I urmi OIIic( itt WWII H IP IM-1IUI C(01110:1-11,c5~,i tt

1,11a Uro'i or I, t i. r ,ahil y juui ti nti lb.. I t~nt ml u.' 1i hnt up'dtt v itunkAI t.1

cotulap11 (it l I .1 Ow~i I I lnitul ptomu. 'Ihrruturo , tht p.rotltdi I I by or tlivi ut.It inn j I V,'

dircut~ly WI t~i jI't pl-i~r ~I 1tjivi'i Wuill ti'tve tW~ it dt.I and1( i imertui y w It h Ilu~rtloc ii

npcudt~ utuc 01 ho i jU41 ~u Impaill~I Ilon 010 t11w.11,



Princi•al Pciinta

Large incremental iticroatias can be noted for the first pane probability of

detection by tho purstior as the ,,an,,or swath width is increased.. blowevor, an in-

creased search speed in intarchungoablo in effect. For exsmpla, a speed ratio of

3.0 in combination wJth a l0 nm swath width results in the same probability of

detection as a 25 nm swath width and a volocity ratio of about one.

Of particular intorcst is the ro.,itivo slopes of the throe example Curves

iown. )At wider swath widths, any positive incroment of pursuer to pursues speed

rat-io prodoices a greater increase in detection probability than the sama speed

increaiment at narrowLr swath opaed•. Thi; illuztratin the intordopundence betwceu,

the utility uf speed and other important parameters.

VI-24
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Figjure VI-G

Intt~rk ~ ~ )r 1oi ci~r.1mv-tors of Intiaui t.t.m~i~t Informadt:ion 1*IurluL-

SWaith Width
' N 10 Sim

25 aim -

Pursucir to Purimtaq

IIN

0 -.P S UO 12

Scujplrat Icmi Wn PLanrcI tit. LanIt iilp-141I U (11111)
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rigure V!-O

Inteacotion of Paramotorn in thO !naarmit-tont Informaation M4odvl2

.h- figure; z:2:::Z: the :rffait of chagin the timelirinessof inowto

effectively the distance from~ ptirouer to purnuark at. Oin timeo of likt updatfl.

W~Alais for tho Caloul.at~ion

1' ¶ ~This 14 tA plot of uq~LAUluSi

The en1cvulations havea the eiaino beanin aia thorai In Viqurm VZ-S. This tAgkirw

highlight~ia thet dotcctioii probabilit~y an f. futicii of opparation distance at

last update.

Prnir 1lointou

1. 'rhor ippaauL of rcidiwingj tho intA'rval bratwucn updaiton Ina dvpi c~td by tha

curvoll of F~igjurn VI-O. Por tho4 Contdi I:11 to r a 10 11a11 UIWaith1 Withdd 0aIOLC

rAIati u 4f., t rdiilctioii in a paration c11,t.oanu frmli 100 nim t~o 50 tw iiluroasoin

thei probeabili4ty of ditalcation rroia 0,24 to 0.40. llonco Ianpruvocd upov'(d, mawnth

- ~~~widt~h waid .1nf~or at.i on lovQ.1 combihio ta fiivreannir' lac dotact~ion proba~bi.1~lities

Cortnian mntinuian rciqui.ronan~n di lppnr nrletflnairy afor oncih of Ciea tbanci 1arinatho~rs~.

VI-.-
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0. SPRINT-DRZFT PURSUIT

An additional example of pursuit with intermittent lnformat-eon in that of a

pursuer who must ues sprint-drift tactico to clone n pursues. An example is a

high speed Ahw ship pursuing a high speod submarine. Sprint-drift tactics become

necessary when the sonsor is acountic and the overall speead n kced the maximum

sp~eed at which the sensor to Offoative.

The pursue•r always sprints to the last known position of the submarine.

SThe justification for this is that the submarine may select any course after ha.

has been deteoted, and therefore it doens not benefit the pursuer to anticipate

the submarine's now course.

Thu time between adjacont drift-listen periods decreaves as the pursuer

g•to closet to hit quarry ann a limit at convergence in roas•ad wxtan tho ground

gained while sprinting between drift poriods equals that loest while avtually

listening. Thin is due to the fdct thtn: the submarine *alwayv travelia a limiting

distance equal to the producl. of hire popud nd thic purnuot drift.-li.tona time;

the limit, of ounvorgCnco jia thu ti.a•c to aprtnt ths distanca ploua thle drift list-

ten time.

Using theno two basic inptts, an •xpronjloun can be derived which anablon the

separation di•tansun to be determined by an it rul..vv procor4; for each nt2uccHAivo

period, and from t-iM m a separation d.autaco hIiintolry can he ,plottod.

A spocific: uxample has boon calculiaLud and Arn i~hown in Fjigure V.[-7,

Applonrix 1) cote til rn a dl i(3t11iCIns £A tiA h a, i.tkl t t Itrit. Ivo pro esn.
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closingj E)iUVtnIcl Vormit Mahpaod Timt3 for Varioun Target
Speacdo Wh~an Pmui-uar Unoui SprItnL-OrflL t Tac~tics

WaD~msing itato (nnm)

30

30

Tarjq'L Spee~d 30

10 'I'mclt.L Sipecd 20 knaLu

0

{ . ';I &pi~d T~ Wu(hr)
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Figurrn VI-7

Cloning Dia4 ncc Voruiun 1dlaparid 'nima focr Varioun T. rrjaL Speeds Whrln Pul.rsuer

JUse flprin1t-DrLilt TactLics

V ~The purpose of this ra4 jnpint to show the erruot of intoarmittemnt information

in . (iUn the form of a nptintrdy.lft pi~unuit.) on. ciamning a tnrgoL.

The. methoduology t~p ca-uaiMJngj tho curves~ dimplayucid an thin graph in dint-

cusdin Appendix D din paqua 9-30 and V3-11. 13insivaa1y, it in an iterative pro-

come wherei~n encil valuo oIg co.IOLII ditiLL&.1110 in dapoisdunt, on the previous elapsed

I ~timd and %.rgiot ispeodr.

At oomn initial. timoi, too ýhn puruuor~ datectn a tnrgnrt at an initial.

dicItL'fco, R, whic~h 4en ))1w QivqiniL to~ nr I crn t~han hik dnt~cwt.jlon rfingn. ii liothn

sprintsi to thin alditm fint o rivvnn iitrint. np'ived Vp. During~ tho siprint. and drift

fIntrval, thnr torgulJO hlinit macvvd ai dilin .iinitwo u I. w ~iel, it,1 atimjii o uto prntiuct or An

speead (VI),) anel tho o(Ii ivjelt t.ime, t, The ptrfui now ftprintn a dibitniwrx 141

to t~hn new flahu4l, rnd.l the )mromiin to ropmc'nd tmi ntli Ltho ptireuvr rvc'uhn Ilia

l±imiti ng c~lriInq (110t.,iimn( whor,st R -it VIpnVmIIOefn n A
Thin jproronn Wiul )on vIvwkA atit a 1'modifi vi1 f~ormn of puruuil I nincoa time purmucmr

prrocatdn toj tha painit af dlmo lauti knowin puutOIl)ion or tUm target aS OptiuiiOnd to

heading towamrd thu niLAilal tiInrrjvt liot.; i cii im; in tho chnu of pur~e purau0it.



_riWnoil. Points

1. tor a given detncti•n auapnbility and sprint speed, thare i. a limiting

distance to whiuh the putrsuer can alone the target. T•hu distanoe is dependent

on tho targot spoeed, Lo. tha limiting distaeno. ineroasas with increasing target

spread,

This implieo that thu pursuor ,must have a woapon ranqg equal to or groater

than his limiting dintaie', or a ecaandery menuor whiah allows continuous

close-in pursuit.

iI 3

I I 3
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E S3UMMARY AND (ONJCIU N Io;

There are two basia purnuit, tacticat

, The "purcuit curve" wherein Lh. purnuor always heads directly for the

target and at omae point bafore •cpturo end. in a stern chave.

m The Osteady bearing" wharoin the pur.unr comp~utes an intercept lde'

angle, follows thisi path ond capturte at a predicted point.

Given nocurnte-peodlction, the steady boating tactic im more efficient but

both require purmucir to puruuoa spfled ratioo or Rhout 1.5 or more. Tho marginal

return for opeed ration grmater than 3.0 io mmanl.

The puirauer can. uubntitute 4ncrQoa•,A.d wa*pon tango for a higher pur-uit

t speed ratio whaii the object of purouit. isP attnck. The trade-off becomes more

fevorablo to.increamod weapon rango as time available to captura in reduced,

When the pursuer ham intermittent information, the arca of uncertainty of

the pursueou:s iocation, grows an tie produt- of the pursute opeed and the time

since the last look, Thus, thero in a trade-off between increasing t,,i pursuor's

spovd ald incroaning hill -Wath wfdth or dfitec-io•lo, Ther'e is also a much grantr.r

marjintil gain from Inoreanin. bot.h1i hp:ud uid nwath width.

Itn tlu nprint-dr•ift form of inti:rmiitrint jiurizuit, thire ia ii mitinimum

aseured range to the purativ which a purnuer cnil achlpv. Thipi in duci to thu

fact that the purcuou can move in any direction during the sprint period of the

pursuer. Ili orcd' tLO iIt Uro, O•l, 1ou,'tior mtivi-. reni;(ni oi thur a voconclary ononfw

which ap(oratoa, duringq r.irlJit or a wwvuo. rjalifqrt) t, rnnLer than tlh mintinuir timnurod

VI,,31



SiC'T' IO VI I,. AITAC K AND (','I NTEi: ATTACK

A. GENERAL

Thim taction addrenuee the .timact of eiped on the potuntial Nutconia of on-

gaging na,,al platform..

Attack ia a rnsiult o! a requence of events beginning with doetotion of an

- 2 enemy target. Pollowing detection, the target in puraued by an-alerted platform

until their meparation •iHt.ance has buen reduced to an estimated or measured mag-

nitude. If the initial. target louation error and the interval between updating

of target position informnLion worn nftficient to cause uncertainty in final tar-

get locatLion, a soarch would have to be t.ncuted at the termination of pursuit.

The search would oontinuo until the target hmd bean radatoctod or the pursuit

vehicle had reached itti limit of endurance. When search is roquired, the attack

phatc it A.rAimed tl )dU~ ad t the ± nýtanit of rcvndciry detection. other-

wi•e, attack is anmumed to bag in when the distanc(e betwoen platforms is equiva-

lent to the range of the purnuerli. on board wtiaponn.

Proparation for targt eLscapu An thu form of countorattnck boglitn whuii Lho

target is initially aloeted to an approachingi platform. 'Vho actual counter-

attack, of course, cannot bhogln unt.t.l the dflitenn,'o hutw.on plih•ifrivn hns boon

reduced to th,, Initial tnrgoti' weapon rat gno,

Another form of cr¢:npo is avoidantce by timploy1iii.q a HJpuud advuntago with

respect to a jpuruuer or by minnnf or ulng npoud Lo maniei|vorV* A mnnciuvoe might

be used c'thnr to confcenc the 'rit-liy platforme or t,, avoid a lautichud weapon.

Escape by ltatlwavcr and iiVOidancoc in aniddriueniced LAInO "4iieuvr chtirl Avoi•tinco"

to( tion.

In iLti most simple [ortmt, tbh" I oct tc of at tnuk/counteirat.tack may ho vioweij

VII-]
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in tormiu of t.wo cotnyothigcj |it.oromn, onch ponnivi:ln' g an on-hnnrd nurv[illanoo

sytitom or ar votflh~ltt.lI t*,. Itil ,ic'e. , t (i toralmto , y t. fr. Inhernnt; to onach plaLtorm in

4. a weapon system apoo-•td by a mtAxnum range, a lethal radius of the warhead, a

mnaximum O-forco (aucoloration) whioh the weapon can sustain, and a minimum waa-

pon system r•aponas timoe, Responno time includes the minimum time interval

required for all evants between dtoootion and weapon launoh, iLe., intorptetation

of information, updaten of target positiolai and weaon oet-,up and firing. Thi

travel timo of the wobpon from fir•ng to datonntion might alno be-.onsidored.

1The possibility of maneuvwrn to avoid a launchod weapon im oonsidartid in the

section on maneuvers, Thus, In thin maotion, the mamuure of effebtivenesk utad

is the ralrtive positioning of .th acompetitig pantforms such that a weapon oan

be fired by at least one of thoe and contoin the other within its maximum range.

The first platform to accompliah this advantago is assumed to have won the en-

counter. No attoempt ia mado to .aciaoj %,apot' offestL (whieh arc not germans 4o

this analy-in).

4
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S. . .. . .. .. . . . ... . . .. . . . . . . . . . . . . . . . . .... .... ... .. . .. ... . ... ..

iP. A•'AC•K A(;AINW' AN NII:.WsoILTI.l TARC/IT

I •: The intrnacti under coinidorotion i.i botwoon two oppouiinq platforms each

iupporttd by itn own iturvoillfnnof. yAtOM intornal or oxtornnl, Kiihor one of

h- the systamn exauoo4 the other wtth roopoat to ranga or they aro.equal in capa-

i b~lbility. The platform with the interior detaution nyasom in intially oosmdors d "r.

a. the tntcjot which lator m1.ght~ attamlat a Ctuntarattac1k. TVo facliiitato the dig-

P ounsion, the initial at~neker is referrad to ua tied and the initial tanrgt is

called l2luo. rt'is asnumod th•t tho area of oporation in large whon compared

to the suruveLulanco ranqogs o both Rod and Blue. Thus, the benefits ot greater

detection capability can be fully utill.nd Afteor detection of Blue, Red might

decide to prop.ro to &Loaak or to avoid ongagamant. Such a decision will be

I I •affouted by the rolativo woopon uapabi.li-Lie. and sipmed ration of the platforms.

Thus, the propor, ba&anoa of platform spood, wopon radiui and detection rangO

aon provide a comniandar the choice of angaging or not engaging.

"I •A decision tree carn ba constructed for tho potonttal attacker boned upon

* hia beat eatimaton of annoy capability. The paramoLa to tiOnidured era shown iti

Tablo VII-1.
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Taib~c VI 1-I

Attack/Couanterattack 3yotuom Parameters

Rod ilaui

burvaillance Range 9O go2

Weapon R~ange . q

jPl'atformI Velocity Afteor Vi 2v

Torgot Detect~ion

r ~WOAPOn RONVonee Ti~me
Noaaurad from Turgjot
0 teotion to Weapon

Tables V1X-2a and VZX-2b list the outioomes of Oncounters under t~he condi-

j ~tions indicated. Taible VII-2ua includes the cases whare blue hami the greater

* ~nffnn Pa-ea 9'hnqFv- thtct w-hcrc r.d h-i: th-3 waapoh&WV LOY.A VnLAiUa. Inf

both 6abloaa, Ph Lia tho probabilfty uf Rod firing a pot~entially destructivo woopori

at Biua prior to or nlmultonoously with a ccnint~ortiring by the taryiet. The term

v 1 itnsiilarly dofinad for counteratt~ack by ti1uo. Note~ that avon thouu.1% 11111

may not have dotoaut.ad the Rod platform, it does not. tier.-cdhurily mo~at that ho iM

ctomplately hulplust. Under nome uiroumstancou, it miyht lin pcinuiblo Lo ObI10rve

the oouria of a launched weapon and carry out davoidanco maituiuvorn prior to doton-

atiori,

The maimpie-it: ceame accurm when l Due's eiirvoillanc~o rolirja ivi 1MOi than both

the uurvut11urco ranclu and wc'npon rango of Hod, Thumi, for tha conditiona

isI~ > Rt and KWI > PW 0

it ftolluwni t~at,

A
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o~ '~ i ~ it i t iond IW.I v rwi itt i t , ih I (v trwi iIt n'
(B~lue' Wtuilitii Patielo itn Crr*ita rir)

Gacnral ConditiontlB Rt %
1 a 2 2

Cae1 p~aoinl CcrndiLionst Cnav 3 - 8pnoial Conditionst

V ~v v v1 2 1 2

Rod 1-Ia Lporn P. 12

Came 2 s paoiul Conldlonai Cana 4 -Special Condit4.onsi

v' ii vv S V2

ap ~ 2 2W o
_______floi~r, P L

IA

Cartf~lu cv (ondititons~ 'ntd Do'Eurmi Int.tc~ wiwcti tt
(H'Ad Wc~npon Ha~nqjo Ifi CUrot~r)

G an e r i l. C utn d I At:. n u , R f t 6 >i %
1 2 3. 2

Caiso 5 Apacitil Coaid.Lionnri Cauu 6 - Uporiai Cornditioinn:

V ~V V 4v

RffU~~IP a ild I - Itasufltl PhA 0 und 113"1, 0

IIA



Morv int-v tottittini !:it!'on tvvolvv wiII.'I t hi-' wir'J,:cin t-autiqr' ir itc'd in h, Lhatt tiht

and VzZ-2b MAY ftPPlY ant! both par~tlon onit~e 1ito thel docinion pwaoosu.

Thu diactinsinn o~f Tabin Vlt-2a bagins wit~h Cana 1. Am the gantiral clondi-

tions indiciatoo the poten~tial nt~teakor In eit~her at a wpajion rang%. disadvant~age,

or, at opt aquillity (i.em, S Itý ), H..wnvnre thoa attackar in capablat of a
1 2

qX6at~or plaLI'utlo cipatd. It it; anfiiwtiod for thiim irnilyniu that. t~ha dotoutlun rainqa

capability of onuh tiyntom in groatier Ithnn or aqual to itam woiipctn r~ncjo. In other

wajrds, even if a wunpon could travel boyond tho ma~x.im1um1 d ootionf Frtflgj of the

system, it would n~ot be l~uncahod bsaaiIko of A Id~t Of taeg~t Aht0VImation.

AI'lp? ro'lat-1va dattci~ni~' rniqa W1A'1 t~igi an spal haebo do-

finod, tihe filial pnrainover to be cotnsidarad lin tho target~ weapoin reoponse time.

tiinv.. thit Iitimt)in eittaciar its at a weaepon: tronge dinadviint~agui he muuti rely upon

speed iii orcicti to ear-ry out a ntocuuNtiful att~elt.. Hud Mtuni lt l~ition himmelf with-

III Olu wlv.-U uf ui:.11U1iauuw illty wropon ranqo in -)rder Lo coirduanuu fixing. 'rhe

t ~ ~to bet t~

Theu dl.iiLittict, dupilute I, teIliii ttuttirdttt uf thtic til itvil t! trinii in tho difo mr

bistwetin Oti itinxtinwur doItorati ot rangeutit Iliwi midu I ht Ii~'oll'di rdncdo or Iled The.

donant:.nnt~ot 1An thra wiltvi Ly :lJ. urtinmua nt that pli ttiformnfl. Thitn ,itmpl n forin

hol dn otmiy arl.01: both jilt p ufor'tp.i hmavo datocitcci . Prior toa It lUt coua:Lordutocultio,

Ho tu I j wil .A hi' c l2ot I t ir ott11 tift 11i nr a titrmoitI. crint- v iti~mt hvisrItinc voutrne, 111

thuxat I I aiv Va I (adty IN tlOuar rauimpmtcx. ThoInrnu IitulIo camrt, di4r'cmm udui Il th

Pai'urm tul twtic(~tirt. llfwievur, a I(tit tu mi Hod fil i.~dtiC~tt It itt onluTmIIE1ttt tha~t. 111111,

clioumloiif 11 O co rpt ii d vi ti eIy aiway (rtI-0 11(1 d. flulib tuqu4-ii L0 thi l I 11m tttt n Ll Vor' t11

ralativu vctlcvi ty idtl mipllIfioti to lila deimiotant~or nltuw: lIt equation (2).
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comnponotil. ill t It(? t ol., VEI VU.Ji- it. y i-XpI ui vuti,01 IlcjWlV(ir , (1i f urvil.' c~uidi Lioliw

*I at. Recd bhon fired., flinuuvnionn of thiti tilt~uion .Is cotnifaind In thea

manetiuver awl' LIvoIdeilttu tioo lion.

in Case 2, IOr time roquirurl for: tho attacker to fire ia mquivalont to enemy

weapon rophlJ)bIItO imo. Tho outcoino for thin anot of u&rcuilittanoon ie sa atandaff.

'The platfurm onpab~lo of the y2:untutt 5jutrvoil.luncu YrWnit doidoas witotharPAan

PDare equal to onto (1I) or zt-a (0) . If It: is ducldod to attack, the target is

'-apablt- of nuccomful countcornt~tack. Thus, such a dvoinion would bri dominated by

other conrtidorntlo'ns, e.g., If Ried autinqod Ithr ttirgat to het of gruntor value

than his plntforin or if hOn woopon &iyntc:-m~i worn ntut of' uqual caipab~ility. If Rod

annesined hin weap1Ion to bic mornO rol..iablo indi lotlhrtl than thai: of the onamy, ho

might, attack even t~hourjh lio would incur rtt~il]ittion,

L1p4~ 'A. ~ 4.a -iii-toimi4 no tiihrr,),y 4rqi' rA volornti y atdvnn tacit- iii not

adeqluate to bring about. 17FVOrAhlo roPIUlt.G, TI tr jtint~iek doon ciraur, n nuccotus-

ful count- crat Lack will. rito lk. ancl 113 P 1. Iuwovor , If R(hd .1 n rnt.ci 000, ho wI .1 1

avoid ont encouitt-cri wiIt-h t ho diotct-c'ii vnfmy nndc hut h 1P andi' w1, 1.WIl uqua 1. veam (0)

Casao 4 dc'pictu it ho lolwu c-i i-r-utilltclcu for 1(('(I lin (1do'i, not iitc't it Vitloci t*y

acdvaltiltritc? tu c-otnpolviatoi Ior intw (i o woiiponrt . Tltun , hi n oinly altornat I ye inl to

dotect I ho vioi'my with 1111iinr~ilmi-i or raiiiju iurvvillanenic utyot Itritii a to contIintito I 0

avoid himt. Any~ C!ItCC)Ult.()l W i I I t'(11.1 t it) all ridvatit aqct to 111111).

Cast, !i i1n I'M1 o VIi-21h pri'fiC~ittI thri C-01tlit.iOnr, Of (!l1(IATCtcltOllt whi ch qrontl~y

favor Itt-il. lit! (iO tIh It iitrvoil I) ;M(:(1 ' I-ijtt' , Wrapt in ranttYiiiid vci Ioc Ityi acivan-

ttlet novr M13w. Thtmno, Piod call a Iwayv inititaI~ato tl ittotck att h itt (ititi-ul 1Ion.

Cann 0 in Sal Tilr V11-21 :hill tlto rvtna itin rj ot, of contitiiloon to ho~ conniio~ rtvtt

AIillo thlo ptottt.llit] titt-c('t ilotfoiL~-n him a it hl(.diouct odntanc'v and it iiwrvotl lanccl t.-kj,itj



grea or thnin Rvd ' wnUIopon ranqeo hn w"ill probably chrjoin WA nvnid the enemny by

cnttdintancinq himin. Any cw 'ut .mr will rvqui in an adrvaniii.g rur lRed.

The rosulto mhown in MYbl VIZ-2a and in Table VZI-2b: can be coinaolidated

inito the 6impilifcind di~agram of FigureuI VI!-1.

* Fitjure VIZ-i

I~ntof Spmed ato
anth robability of At~tack

-~Attack 1 1 S

I Rs

V2

* . SPeOO Ratio

In numnuiry, an tha nali.d l ino N.hown, whene~ver Rudcl weimponI riing nxcnvdF]

OWuN' dutuction rtngut (RW > it 82 ) , far all speedl rat~ion, thnr probbdillity of

attack by Had I1n un i.t~y. Whrn HOWl wanuij'n rangeq in leni1 .tha H uP'H Meb' n t~ion

* ~ ~~~rngj'jeI an te R~ed La hii] ur p'0r ranti o in lc'nn than oane, Bi va ~n a&1 oyn ouotId

(Le.o*, PA 0) , At onam Rod to Blun upoed rati I V I/V 2) greateI~r tharn ann, Rod

can ci ann and attack . Thea upiirri i var 1uv~ d('j'nd ai n othet r praimeturn, ThuIr pro.-

* h~~~abili of14a Red WatI~nk d'Ipmndo on re l~a tive weap~ n capabiilitin a nd Ii t~hc WWI-r~

fact nra prnv iuniy MUM&Ic'tte

Figure vi r-2 M unt rntan nn o~arnpl in which nn nttic~knr nan tinv n fipped

advaitt~aq to compunnatu for an intor br wnaiJnn. *In this cusal R od uvod thu in-

turvai. or Bliuan, i weapon rc'npannno Lima to o tt~nrpt to ciouu ait high spavd and

ilaunchl him own wriapoti pr~ior to Itluc 'i weapon Inch

V11-0&
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F~igure VIT-2

Imipact of Itelati~vu Speedc nncl
Syntom flargein an Weaponi Ro.9ponr.1 Timr~

Weapon ResponrAe Timo (hr)

0.6

Tar1 jtý Survcoi11lan~E, HangJ0(18

-Att~nc~ker Woupon Ilnntj~tl(H%
0.4

20~~( nru

0.2

0 20 40 G~ 01o 00

ll(cjluit .. d At tako 5ikr ~'odI Advalvivi icj
(Knut [0)
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Figturo VI1-2

Impart of RutlaLivu Spuod and
BOytom Mangan on Wanpon lResponao Time

Purpoge

To show tiho dogroe to which an attacker's upend advantage can compensate

for an Inforior wenpon range whinever the targot'& woapon response time is

grantor then ztro.

Dlania for Cahntilation

The time available for a potential target to counterattack in a ratio of

poecific uymtnnm ranges to relative spoedn as shown in tho following equationr

VT - V3

whaerI

'- t Weapon ronponno timo of initial tar.ot (Blue)

a3 'O lc-tect.Lcin range of initial target (nlue)
R
W ' Weoapon rangej of attackcr (nod)

V, . Velocity of attacker (|e!d)

V 2 Vul c•tcy of Intia.1Lt1 Largot (Bluu)

•mt.ft(,i

-- The attnvakur (Rotd) ,letrction rinlju oxcccidei the Initial target. (Illue)

detactinn rnjcjo (1.1e. , it )

Bl 9ue woiapui rckii~ci rixcotedpi Red w'.,apan romqg' (i. a., 11 :0 M.

Rod den•ir'n to dolivor a lothal wuapon nralinst lhio.wt ltowc:vor, hocnubo

3Iud'n weapon range iu ttuN than Bluo'st, H40d munt Prep~are for lauiio'h and thclt

driv, to a ponition Iftnldc hin maximum wotipon rango before I4lun courl onrdtack.

bluo dotvctcu kcd at. n raligo It5 , and MuijL rvfiporid or ccunttortitt.ack prior to the
62

timu thir. Itcd coiuan tu withn•i ItAt1ICL11 104luti.

1 I-1
VIN-lS
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Pri niclpu I'oi utt

1. Figure V1I-2 shown that for the case whoro fluo's detection systom oxeauda

)Rad's weapon range by 20 nm, a Rod velocity advantage as groat an 100 knotn still

permits muccessnful counterattaek by Blue if Blue's weapon remponno time is Iona

than 0.2 hours or 12 minutes, Modern tactical weapon synteon have muoh shortor

response times.

2. For lomnte rangn cirffru o(sC - P m nm), a relativo vol ,city of 100
S2 W

knota limits bluo'a weapon rmpoptna timo to 3 minutes for sucoessful counter-

attack. Thin value also might be more than adequate for a tactical weapon.

3. The third oanv whereby H a2 h, 1I nt towulti in A mAximum woopon rouponse

time of approximatoly non minute, when Ind'u velocity advantngo in 40 knots or

greater, Thus, it can be soon that a spnod advantage munt 6o large in order

to anauro the first shot unless the dotoction range of the initial targot and

anssume that a grostor payoff rs"Iltu from Imnirroving weapon ranges than fromti in-

creaming platform spe•d. lhwovcr, afteur weapon launch, lwoeu inay be vary advanta-

geoun in dehgrading ennmy weapon uccuracy. Thia apipli cat ion nf riped in attack

Am addrommadc An ¶ h fuji uwJi oc uction onr manciuvr and r1 cu, I nuc

0'

1*



C. ATTACK AGA;INST AN ,.SCOI 'AlI l;A.:T

Mn intercoption ,conario incorporating an escort platform was addroeued in

the seotion on Convoy. A similar situation in considpred in tIh aubneatinn,

amphanuiuirg tho general pnramotarm of attack and coantorattaok,

Figura VII-3 shown the geometry of tho throo platforms involvod. Initially,

an attackor (ltod) dcotcctn n primitry target fnd makes aun approach for weapon

liunch, The primary target in oncortad by a dif.naiveo platform %hiah in amployed

for counter dnta•it.on and defanuu. To greoatly simplify the analysis, it in

asmumad that Had approaches from a ditrection directly opposite the ancort vehicle

(i.e., points roprouanting attacker, targat and escort aro located on the mama

line). At the momont of counter detaotion, tho target turns diruatly away from

Ited, toward the eaocrt vehicle. The vucort simtitUinvoutuy spuvda directly twa'rd

Rod.

Partinr.nt pctraomatorn ara llstuu in 'Idbei VII-3.

VII-1



FigUur VI!-3

Geoametry for Escort Intarcapt of Attackar

ttackar

/ oor

aadio9s C'ncart

i'Ucar t uvi1 acc/

(1 .liiLIiii nelfljhikw* Iui di iil.uir.:e buitwouti counvoy antl uit-ort.1
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Table VII-3

Parameters for the intoerception Socnarlo

C~ONVOY XGCORT

Speed V1  V2  V$

Weapon Kadtl IW, RW3

Time interVal between countardetacoton T T

ar., roadinnuo to launch W W

Escort uurveillanoa range

DLstanoe betwaen Rooort and Convoy at
t4mm ni dnti-mttnn of Rod Lb

Diatanoe travclnd by Rod from titme he in
ooUntardeteoat unt.il ha can launch hiv

weapon X

*I41

V11-14



Usingj t~he paremetnedrs of Table VI t-3~, Lho diitnti~cu (X I t~ravoIlnd Iby Rocd from

the point. OL lount.urdeLuct~io;1 to puLontial wuupoii Lainch int

X I R 'Is R I .D+ V 2 TW (3)

and, sinca X V '
I 1'W 1

Ti Vi

or kS-~~-

TW V V2

A corrciuporiding calcualtion for X3 the distanco travco1cic by the oscart vehicile

from the time of counteacicLeftion to potantidil. wearion Inuncih ngainat Had, mia

x 3 [to -G" P -. 1) + V - 'rwj(

It foiiowai thatt

or RW 1* q )- t

ýw V 4.V
3 2 3

Tablo V11-4 oliowi rotiti~vu conditicinm of T w uid T wanid corremliandi~ng

ro~iu1Lij of pot.unt~ial oncuout.oru.

Thu renwu3tu arecaifniricpr In 1thit , if Hcvd rmlidrw I u o3 nyLr to 'Owi 1.1cin hfiti nie

for I aunch thaon doen tia tovc'uct , tit 1tcick will fni I (Cwtrc 1.) .A lcwitirr time rcicluir'c-

mont roault it .In titiuvowitkil aot tack (C~iaw 3). Promi tLit, Oc5i lIuiin chc-Ap fic.itj Tw I ad

Iw rulatiNve tiped van bei oiinn to I hpa1LuL %ipoi t~ir licit. ont. I.JI tr&iu1lii. IlowQvLar, IM1110
TW3

mituationn o~xiuL whon npuoci has lit-tici impfauL. Thoea caim bo dotermiticc by obnerv-

ing a cuationri (5) noid (0).



Table V1ii-4

Conditionii anti RGRUltsI Of
Intercoption Sctan~riO

come It

conditiont It 3- P 1 R -D Rw 3~

TW or -7 -

Case 2t

conditiont

Tw Tw

Rann 31

Coneiit ion i

1 3
Result.:a

i ~ pl '. P-



Thju mimor~it (" of veti-,it i uin ('j) 1rne;r-ir't . vc when"

I> 
(t9)

Thin implies Mintt when thco wafipon ranac3 of Rod crxceoodn Lho utivalInnco

aapobility of Dlkio, n ,4uccossftul citýVack can be exticiviud, re~jarda~iac or t-.11

relativeo speadrr of thn thruoe plittform, of iharvrit.

The numerator of cwquat~tcn (0) bacomeri ne'gatl va wtioni

RW >

Thus, given that its 3 ý a suc~co~ntul defene' enn be varrive¶ out. whan

conditiorir of." cqunt:1c'n (10) tipply, re jardlvera Of rc'lativIA FpoodPr.4

Ona furthair ubmurrvatiJon is notead from eqacjtion (5). If V2 iu groat~or than

V, the target; ctin Alwnyu ancinpu from Red, given that It D> I4~

Thus. -t~horv circan tnn i-.dta. ionns whore apood can influana. t~he oxtconiti of

at.tacik - uvantaratLL~uck sconaiioN. Othcir par1&m~tcrnu uuch tin wolipanrn and slur-

voilleuiioa syutAcmn arir cquiialy importtimnt wid thc. titil~ity of upecirl nhould hao

carinidored in fbil uont~uXt.

...........



0. SUtMMAOI ANDl C'nNUIPMt

'rhill Hectic~it .j hi II,,Y ILy AIIUI.dc~(d OWc (jO.IWIc II 'it LI :,k- C~uiieat t~wk dnrI0

identifyingi Lhr? pot.lntI&I ralalLionfl~iJiL ninon¶J the vitrloun prfimsharAi.

In BliuLclvot I on 11, AIPTACI( AG7iANST AN tINI C)RTIflThIIL thec nno-on-onn aitun-

Li±on wan diI1;cuIuuc~d.

Thern orre foxii: ittiporctant-. vniabai Lio fr ovinh I~iatform C Larcat aind nttackcv)I

which ±ittipct inn Omn outxociolno ii~taltck aind counturattilc~k. 0 Of Courbo, tapoad of

aach p3ntform n I Hi prlivicay onn %ijidor c.nnidvrat~ion. Thv othorn aro, for ofidh

Platform, alurviil.1uiec., rtnnqw (inaludain oxtacrnnl norrcou) , woapotl reingj and

wenpon roisponcin time (n iuoikilvl g:rom dintaction to weacponI 1itinch) . ~Oivoral canvo,

than, aro rnlcivrnt.

*aoI Attitc~kir nicvitI. 13 (inuO KRINiJO Mtid W1.ili-44 raiigac arv both grantor thrnn

tho targutlic survcil .Jotire rinneao. Tn thii n cmr, npon-i fu irroloviht, TIhe oalt-

come in simp)( . cUiv'n*cooe1 in thew Mnticckrnx , ul n-w~iys4 &tttc~k lthe target.

The it .orignu i: nuv er hnn Oin OpporjVtu nity Lo t(!otiii tvI,' 1i~ti .t~k ccit evadn.

Cituo 11.* lit tnuCk I wvoic iii raiitjp In, lon Lan tho Uir ce tiote wonpon reinqe , ind

(3) conej I I.-1. *Tho tirtiit:l fill)v~dilonurtt racccy Io teeht won th Lit at~dcki~r'

ticirvoilki icii raccjic ict imct nttiwar 'i wt-i)hcii ccccwj. Iit Canev 11-1 , whim tho iat I icurl'm

flp(ud ini lrormt.ri Lmtha the t Im et lVrr1rli t lIWi 0111c 'Cr'. R( 11..jIcIcI cm () me L l it Lot tc L I ra.

Tim umii-s~q-111iimt uccmc 1! !I li Of th tii ttac v , i (1-ci * 9I -W I(q (iri rcoie vintiq knowl~i clji

uf) Il ii Ii -tjeat 11is0 clo.rat I ti lt, I h i' vir, to tho' tourijel )tll th hii til lt. vot~iLviI.-d(Itc!~t.1i

the imtt~iinkuwl: itiforLit(,e i. I ti.:kic .In lit j it pwtto to hm1iimiieh Wit woolwnt Tho tar-
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gv t then1 1 -111. ,iu i', f Ii''i' the 1 ,i1t I .ivk, .in. I;'rr'j i o cou Ii v0 1 tr t ta ck, tin of pvrat- ton

which takounNolli timn11. 1 " Lur llantititi M, he 01tLt ).e:t inn11ti nu-,;' L,) : ulwtrI Iw Cit1

tance until it runchon wanpon range. For Aimplicity of description, woapon

flight times, turn conicidorod to be zrart.

When the dintonnco-pcod rointiloon are much that, the time to 0lo00 this

8'ntancc in 3oer than the' target: ronpomnn timn, tha attacker alwaya attacks

* e~~nd the talrget doc'n. not.

When the timen to ciorr ini equal co thct target: ronponse Lima, the attacker

may choose to brciak off the aMack, in which case the target nev-r has thn op-

portunit~y tu do to (i.e., nei1ther actacks) or rhn attacker attacks and the target-

sluo attacko,

Lunt~ly , when the time iAn groat-or than the target rinpoinuo timo, thu attacker

-L* . should break err hin "nttanck"p otherwise, the target. may chama to countorattiuck

(2) Can 11-2. The target "pend V greater tha the attacker upend, In

t-hin cane, i-ho ottIavkor det~net. and, ns t''fon *, the target rountordotoctn ho-

* ~~~torn tie tir uttlt~i'i )twuCli(1BI wc¾'J'ci 1 snge. At: thin pniot. the target a"thuIurnt

away and opnut, ov hiut aln ri arzjnii0'> In eNiai tnt a"I-off" or the. taurget. ight:

dhumnt tv cull w thi' uunge tv N io=n furt'her (teen 1:1 in it) bier tuliJ.flo the

att-acker.

Cane 311. 'The ait.I tebri nurve v i-rwn lailij m- wejmn ranqc tire each

greateor thant th' 1X2'2l. ::I2:;21wn-o jamu::7::,: and" 2Chn:z:::1t ¶12U21117

alo rncutcr Lhn11,, Iaqv ii ert thnf attaiIcker alwy attack anduc Lhunar

nevvr! han tIhe [un1111it y tLo ri'iint ntta-IA. 317, f inal Iy , the Itargot:'n iupeuec

its grealt thaI nni at tmlukv'n 'ii udnui, tiole armc wil 1 unu'ibl y eicionso to avoid engage--

Mont.
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in ally o)f t ho nbc(v, -. i, •.hon tin-p. Plyoer ha,; tihn opt ion to cot9ngnc the

other and, by no doiny, allow a countorat.t.ack, it will choouto to do so on Lhe

bnais of factori' other theui tbonc' cronnid.zcrd hornin (a.r,, ralative worth of

the two forces),

Sub, ction C, ATTACK AGAINST AN ESCORTIED TARGET, addrosues the cane of a

Ctonvoy oncort. (flue) lirmiutiting n cou untornttaiuk agminst Rod, who is attempting

to attack a convoy s|hip. Timoly counterattack by the escourt in found to depend

on initial geomotry, rc~ntive detet~tlon ranges and weapon rangos as well an on

rolativo rpmed capabilitios.

I0
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Br.CTION V111. MANEUVERl1 ANDW OMAVfAN=I

In thin 'dinctionion n mianeiuver in dofinadl ar. any tnatic that in oiplciyad

by a nuaval platfo~rm whiuh in danicjncd to ?eivol-Ahiy al tnr tho potafltifAl* Outcoma

of any oftonuivo or dclfannivc2 cmjacjurant. )'or oxamsple, a platform whose

ihtent iS' to 01194190 Wtth anl enlOMY frCer( lnight pIOStOEtIn I weapon rannqa

capabili.ty latim than the tnrgat which in to bn a~ttacked, C.01100quantly, a

maneuver could be oxacutnd nftor comning within the wemapon radius of the

e nemny t~o caunn confualcn ancl 6liuo to dogradea the n~uracy of woaponai launchecd

during countccrnt:tnck,.

Munouvorni, in gonacral, relate to &1l of the t~opicni ndlrerviod In tho

proviou" nedILinmH. In n~niont evory casti( naimlyi-d in thotic tioctiortm in nnOtfanni~vo

or clefetifio mnnr'uvtor can be. vi nkoalivvn Which hat, t hi pnOtct..t il L O produco

an advatg dosnvciygmn~i hnnc t.io w II Iill, thorti tora, k~o of a Moro~

* ~gancran] ne turr- thian tho oftherati. Tn mainy CIMOSoi, tic' tibilit.y to (larry out a

hiancluvor itt liint td by relat ive npeecd rat inn wan o~thv( ractairu sicucccuufu] ccvolc-

tince normae Iy r(!idrv.ca rjvciiter I3J).'i-d Owncc that, oh 11 Iinabtlu by thc' oppociniIrg fvrc't.

Thwi, tho fit cati of thit, a u.ct-timn ini to ptwicricL o.li f wianoic.vccrc whic~h

might imuJ-iact oni the rvnial t. or anr cuqev w ot i tho rv'i at-i Va 3jwvisi ruqiro. cd

to produce n nliqnlifivanmt. c-istiaci..

Offomini w. andI d(rfc(n-.rs'c vIm' ccc zinc',v'r tlrt cl Iecoaci of cmil .ceVkrim

par c thollc"vciei wh Ih cli , Lice vil to iiic-roticc! t hi pic. lwilit i y cif cetn

9 101 l tt.iickc.eotlw ime-y ronful ci Iii the' amcccccy or by aChicloVirccj 11 favoralcI1 cc 111mmuh

* ~~~~~poui.t rbil m dates,!V( cI vi, mi mrcvcris cm rc wo;d to twh i vis owapa b~y ovoiddanco 0 a

to rwhcLaci th Ic iC-UcMamcy 1icW] cletiti-rtio cci lot crt icl (if imicwcy wunponjco.

Vi hI-i

Al
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Throa uubtuc ti u, fol low which aid, I I•!L.!, 111 (11 Iht-, t.hc1 £Ilp I ic't I on of

manouvarn to purnuit, mearoh and attnck, A fourth aubunction (E) consolidatem

finditicj• of mubnnctiona S, C, and D, an thr-y apply to convoy transit through

an area under ourveillnnrcu by a diedicatod onomy,.

4I

iB

VIII--2



-t - -- -- - - .. ... ..

Duringj tho purrnult of I'llue unitri~ by a Red forco (it) whit.h Mon cowilcir-

detection ranr ie n tjrentnr thnn kml'n wt'njon reinr rl , a minfitminuptipd rldvianttmg

must be ountnined by Rod. TPhis advantage m Iunt bo rnmfficlcmnt such 'thil thu Btlue

Is overtakon, dehoteri nnd attackodc prior t-o the necopliiummiot. of th' 111%10

tuinnlon.

The Purituit secti.1on clinfcunul~d 1wo potoit ial 14111tunt IOn10 w11t I1 eli nil 't oICCUr

pure purnuit wt W h lic'd haing 1c (01111dlIifoii iin-ui in'omion eim to Iii uo 'i looti t.ion nl

pursuit with inturmittont inifornuition. Little call be ndded, as for eas

moalliovrsr arv concernedl, with raiipnc~t to purn purnutuII. If tflue Onon hnn

Information onirmticil'u lacittion, ho hiuu two alto rmiit~i \'n, preparat~riu fotr atttack,

or attempt to Cileope. Tho choi~co wil (1011011d 11!1011h urjj('F Mn eXirnVM tnpoedq Zilid

Weapon capabl~ity raativo to R: od.

For~i thri mI iiunt. 1c1 Whti-ratby Rodi c q tlly.n M I int ot-in t -t t tairget: I o irt'at: l

in format. on and l II tin roe ?ivvp i rit:Ciflii t t ont- or tot- I i utrmiti~i .ion, 1,OliVU oI: 1UI

avoidance con he empIrly-1 by PI iii, Tho intit rt of thv'iirn Iiiiivr:Would ho to

I nirrana lilur'n aruinr' of* wieett.:il it y cilitinj Ilrioa-, of Ited llh In iiijnr.im t

to C* c It (1 , Iim.t l mni b I 1rii I i ,,I nut Iit), t ) ý,Ii ivo.0 it i )h liii l I ia c -i vtilt

tho E l l Y 1 111. i1' r, R d I.uO ,ldvaiit IJk- '1u0 11101 to I ('10 1il iiiY .111 ivtiilti.il I i~~(ii'i

cetill e t ie f 111mi cotim1d it jil it th! po u iii'r I'iieqlpv would '11 w.iy:i Ii 5,iiiI

Vill1-3



C. SIWICII AND) M)1.T'Ii~rr

The valun to 131uo of! Iticruatnod manouvoring npooci t~e, rividuro thn probability

of initial datoction by Ro~d dopendri on othor factorl, muc~h Ali tho typo of

sonmor uysitom otmployod by Had. An OXnPlo) WhiCh illtintratme somejo r thaso

factorm in that of Hod mocrchinq arn aroe A With ritidomly 10.cod Pannuiva Acolimtio

satimorm Co~. a~ ,i firuid of pauneivo aonobuuyi), Ansturni t~hnt Illklr' in Illitifilly

at tho mig of the Aro'n A and )1utol minnioui rucluirom trannit or tho aron.

Ili obiuctivo in to vitpluy nhmnriuvnr (t) at thu' pp~roprinto uiprinsd ) to avoid

detaction by thene monuort.*

The utility nf flluo ropeod in thin prohicum can ba illumitnated by conni.daring

the hamilt flehrrh aclunt~ion for tho cutirhf of zron sviirc-hcir ripuml (notiobuoyn)

which hlum tha following formt

13 FX. -3X(-N- [Q(V) 1?./A)(1

where

PI probtibi liLy of ditrI at~ ion or ilt'ti

N -Iiuflu~i oif HF'tuuurnr

* ~~V s- ti)upee of tvmuoichtnq )Ilue' trit

Q (V) d vt ion aum~i~i of mw l~i'd rm' ffur it nporcil iic Miloa' nju'll , Motto-

L m 01uc o~ f blu im ' Inkt 11th loiu-uu A

'rlic iirjuti~cu ativiorn mt) asi~nuuuiid tri hit, dlmpi'' d rtuidcinl t h-rmichout-

tito Ut.IIIu ttrn of minrmt-0 (t.41., I lmrv art? no hirt-rirut lt lit,~ 111flu

~~ 'Z11hu. sujimitir of wvituirtti, N, utrud l it, a rvi, A~ nr pm~um-rt''r- utndck conlit l

ofi )uid. 1. mid Q CV) are paurmimato cr-ul-utojIoed bjy Mui:.

Tho sinaller that. liluu ct) maktl' 010r IAub:1tu0 *CV) L, I hr lower tho im bbilb ity

V111-'4



of hio buijng cduttivLed by til'd. 131"o ci,,, ml inilidl 1.e hy ILaimi:,itt ij ovo. I he

bhortant. lan~jth pa~th thro~ugh irtno A, 'rhn tpocific forni of tho turnm qCV)

dopctndu an Clho total radtinLtd nuitira! of11ictu an aI ftnc~tion ol! hin npur.1d,

the gnvirinmuntail condi~lonsa nd tho cptibhilALtor of the mod nonobuoy..

For purponvtal o( thin di r itial on, tho a rticL of tho otiv1rirohmutit can be

4 viewed an it bitckgroitind vitinti whichi vntablisb honal it lwer t~hrunhlric (if dritoction,

and Chun a vciIucof at lu~o i total rntli ou~d noino ho] ow which Rod ',H dutoution

rango (from unch notiobuny) would be cinatintdolty mvro,

*1 ~luolut'i tot~al raclieted noinu fin c~ompoaiocl tit two Major CoMpoliehitt. Tito

fir~st imi ntornally gnine-roxtcl nainct whif-1 III fI[)Pprr.Ni'1A~ny OonFtrht'at far

all spaudt%. T'ito l4Ocrofd InH a comtbi nation of ri ow-nuition~ upiettiiatiliJ fromflioIC

'.hull itself and rrowni l~uon propeller Cr'). Por modonir- nti-ic-it nuelotir rith*'

miarintua, dt. hpe.clim beolw about iU0-12 kinoti Ovhi Intornal noI inn cloiniticiton and

thU tote d toln I noQLW 101ft clVVo 1.1 Alpric.nu itz, 1 y cnih L .,,int. over tr irpooui rainiqv

fromt PPro to nboti1. 30-12. k hotti . At higlh,'r mp aovdi t ha now htinc'it, ciiiiiihiatoc

To itfliaty.c, I hc villuo or the I orm Q(V, 141111 iihiitltl )li"eA'. otAl I'iiFat-urd

bciluw ,,bc,:it 10 0 k lnul i. 'ilW' LM1lI'twiti V~tlie' ()( QN) wil It l-it i inily

thri rait 11tOirag inh lj (i[aIitirl 11it.'h ' n ivi-n ,r wi l a]f wdiaiuii, th h orktla i c,%wdr i Il 1ival,

ofH ud 1 1ilto :niti un o tl ut'i i (1.v ri t w i P I , irl .ol .,a Lj ort ILha oaint)'l .i'J cagpliuI I t1. iliii

In th l -ica lotiii; i-nv iron lron

Thiin, hlluo~'r o bot tact ic iii to InV 0-, ni h tft dlirec't 11,0Ii Ithoi~lil ACI.

Iflhlifll iz dO ) aii a taiarer1 jlwhiw nbiihc t 101-J2 Lhcit ri (ininiml y .a. i (V )

Hattlitir t han ranoiiinly omlolt y ltatim-r-F -1-ai thl otiti' hI itru ILaI th 1.1lir forcti



migt~ht pttwt t fkrl InI 1 a 1141 1Vr tiri 0!.; IIh4;( pri It A(rtliti, thi bont tar~t tv

- . for slumpi acting otily nnt knowledge of fifinnor cti'pbility find not an loaotion

* . ~~or frequency of coveragc! alonrj thct hnrrimr, rottnini t~o flolvel' the Miont direct

route and ohooac' hin mpood elf d-tucusned above. linwovor, anco Informeotiun

* ~becomes nAvilablea corncernitnq barrier lactatinn and fraquanuy of coverage,

I a xprinit. stipod cnii he volcruLed Which will pr~t mit trantitt.t or- th barrior

between pariods of acnotitr coveragn. A nimlilr rAtionnha wou.1d apply to broad

area saarcth. Cotnc~qttoilt~ty, it In imrplied thint a bounidod ipord in rinfitirod

of btlue whein he in ctmnplately ignorant of Haci's nonrior deployment and tnation

* of oporation. ilowavor, whun this adliltionnl. ittformetntiol aboL11 thu PAnd force

becotnort avatiiiblct to I1",o, he can apply kipond to oxiririno aavo-idnilco.

.1 For nonnorm onipinyvd by Itcod for detxortlan whono rmnnj or clet~octiut isi

indupuonk-tit. of flluo's N pood, lhcrvscael~ spood might. or might nvt;- act. AV) A

area with a high probability or derteaction will idontiry if tnrcjot p~rvnvuuco,

reojtirdl(Fntt of HlIAItijtit *~ed '111 fOI mIw ICI Mnet01 oittL iC'S~ri hot! tho hant.i tilL ut-i ont

-I probabi Iiit-y of' dot atfiic il~uo

pa. 13 -jtobilbIilit~y of dotect itl( Aliuo por fnCil!11 CjlIirtnip'l

N * titouur uf 11rilviopn por t ivii Intih v tiirnrtth t finti

~Y~1**~ tt. nnAtiI yil tn Itt-id .1ita1 .i Ni va I Iinit~IIIut t* (An no.pu I a Wiryknd, w

19611)~iii , hi i4
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probabiliLy of ciut.ecti-Lmu Wi ) Would Ill! rwaltuu %it y ivvei rIm tiiur N 1.

A Hatsllitcu With a 1euvirg field of vAow, oxcollont resnolution, find. not affecteod

by vloud coo~rrago is tin oxampl~a of nuch ni cmin. tlnwcivor, for tttome uurvailllcnco

sensor. witht lower limipnco problabilittcuum, art incrivnuod mpoctd ot tr'nniit in-

mediatpaly bacnnmon blit-~nimi l t~o Illuo. Tim numbor of glimption (N) bncomnes fewor

becausa the rnxpoicura io~i -) tho ta LrijeL in~ roduved midur a nrnw1 lot- Valluu of

P[eula



0. 2UVABION OF ATTACK

Tho Attarhk And Cotintvraritarkc rjcctaio addronnod thio probnblr? atcomo

of fin angditgomant bnrned oni Lh firing of n firnt ,uhat.. If anim of thti combatant.,

woe. ablo to launch a wospon prieir to LIM ot~hor, hie was votnaickrcid to be

the winnor of An ongagn~jment,. fowover, to ~comi'ot~a the unnlynim of a!ak

countereit~naoh t~ho probability of tarjuot elnurtruction aiftor wooport launch

Mufit be 'coa~ideired. Pnreintedr In thtv u ?~bs4ti ion tot a diactinniong of hinw,

speed migjht bo appliod to rodtico tho capability of an onoiny winapon. nubsocjuant

to its, launch.

A caoaq which Iillurit~rainr4 In one where hod has n uparlor duta~tecnn capAbility

and hiijhor pilatfo~rm np'eud than tilue, but- M~uo hi#A tzho, grontor wLrirpon rancja, Thumr,

*1 f~ledi ham tho option tu attaick or not, but: must conside~r Ifluo'n ability to fire

Ini~tially, ttod'n rrobitim clin bc rvilrenntrAc by tho rfui1rnwh' I-nn hc'itcjr

tN Jim. M (3)

and,

wheroi,

P - rub.111 I it~y of RE It jkrly iv..11

IM- rnlhiihiI Ii ty Elf W011~ jtkV V1.Mil

N -. R~od wcotponl capabilIity

M 1111 WlI])ic 1 wu fun r biljhtiity

t titleiliorvl ofenglquntviii



Thout ,k' ilt vt v at) I. i it y' ru ti,(I itiii it t ern over L In m n itia funtic t. c of tito

product ot ftlua's wenpon capability and Lhe murvivability of Ulu* and vice vacua.

itowever, snvrcu Rod poonearnon Lteu Option to attack or avoid ho should conaidor

the empacited valun of thc outcome. That in, Had nhould not normatlly ahoone to

attack unioun tho rallcowittg inuqualiLy holding

where,

U I " val~ue of Red platform

U 2 valuo of Illuti Piittfokht

p ~Thu loft suide of equat~ion (5)h roprenorits Lho apocctod value to bxi lout by

Red and the' right vida, Itilucis expeacted loan. If thin ineoquatlity worn reverued,

Rled inhoult' not: attauk (excopt; in t~he ciruumn.anvo whore soume larco~r novirall vatl-

ues. at FiL,~u mcsiy ,.o dlict.ato),

The ciuriLion In, ho0w doon Red favorably altar: thin i~noqunlity? The plat-

* form valuo tcirmin are f ixcn no that Aod ni tactirm (I.c ., spood al id Piallauvar)

can only affvret thes kill prohnialititvh, (1-11N or (I -M) . in thin sporuific

catic, viicuc liltio hau tho gjrent or witapon ratniju t~he're II a ti mc pur itd (whilea

Red in inutdo Il~uc wolapon ratirn but cannot yot runch htluv with him waspoln)

Withil whi~c~h thes (Inly ciffout WWdI it tctiunm can )tavu III to~ alter his own nur-

vivilbi I ity 1.1(1111 tIl 1ft ItI t tic II 'I 'Clpoi . Our in trtiprt., t huti, gorrouw to wiurthor or

iICI I. oEd Ctill Ftin ft Ii C'i IIt I Y cIV'ci. atit III cio I'u wcnapnn por f aininvnu by munnu of Red

plantformc waiticLvurhl whi. 1c ~lultiit' II Um Th qUOtUL inti ati~ltrncod I a the cont~ri-

bution Cof I ticirtiiiird WA pl cittrorm upc'oc to th in ohjic~t ivo. * Hon ' tact ic: iN t.o

dcctsc~t und Lrfick Bliteo's wvpilocn and (Xctiocto a pruptwriy I: intta high u poud i voidnitict

V111-9



mantmover qh'~iivp joio't! o~r t iti ; tmiir'iuvci im t o vmcii ,j f rumt thim c. rr-: tLi vt horL of

thea weaoan batore the weapon arriveri.

The amuwnod tquomatry In nhown in Plijure VIXI-1. Initially, Red (who has thn

speed advantigo) la. plrsuintU SlIut and hnim cloned to withini Maimo's %yopoll range.

blue fires at Red. Red known tho uhnarnrtorintica of 10uo'. woopon, inbludinu

I - ~the maximium tturnirij rate at. which the weapon cin purnuo him, shown aso tho 1-in-

Iting Dluv wcapon path, lie. nluo known Lho rildius of lethal Orfoots of the

weapoh. Theue combine to produca the affectivo area of tho woepon (uhaded

area). flin objoctivo is to cross thin area and exit before the weapon arrivou

at any point where iti. radiun of let~hal offetoo. (dn..hocl ctirola) could intarmioat.

hie Platf'orm.i

Figuro V111-1

~ ~ Geometry of the Weapon AvoidAhCO Mannuvor

£ I Limit~ing

Vl-10



Key pcirtmr I uri In d1lt utti nfiiic th Itu lAlt v of Hrtdt it) nukc.:utinfrully Oxtotut(

much a manauvor includ. tho wipood of flluo'u woapon, thc' radium of lethal

offreotu of tha wuoipon and it. maneuverability.

Figure VI11-2 eauwaon a Machl 1,0 bluo woapon, and indicates Rad aonope cops-

bility an a function of Rod platform speed. Racal-i capability in Indicated

by the rodiua or lathn'l efforito whic~h tho weapon would require for nalactod

* weapon manouvorabilitic'u Caxprauined as q mimbc'rs). Note, howovor, that. the

platform in unnuumed to hanvo a Koro turnlhcj radiun. Ihallutlo tactical diamotorn

* over the rangje of platform apowda indicated are As much an unvoral thousand

Moetors.
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Imnpact of? Apr~nt on Avo id,,nur Manoiavrn

Sooa2Jd~~a Wunpon Up~ood

Machi 1.0

400

MmnneUufaalih t~y

300

1000

n) so00 150 A.00

1*gtCtpoSodW n



Figure V111-2

Inipat: of! Speed on Avoidance Manouvoro

Purpose

To show the prffcts of platformn spocd on the ability to euccreafully avoid
an Onamy welipon.

Bais~d for the Calculations

Thin in a plot of Oquation R~-2,

This is a banIc case for a t~arG't! 6inom:er~ing to avoid a weapon. The tat-
get ar~d wootpon are assumod to bue he, Uin diract~y at vach other botora the tar-
got mantiuvurs. Tho weapon ia ai4umbod to have a winimum turning rndiut4 govornod
by the weapon Pptied ancl th'a nuNber of G14 tho wnapoii can pull. The tarqat in
abourid to turn illstantanrt~ouiuy to an eoctipe path which im f1cfinac¶ to bo normail
to the minimfium turning rtidiun ptith of tho wompon. Applying a weapon lethal
Offact rauiuin to this path on ihlishon tho boundary of tho area of effective-
neon of then weapoit. -If the tarcmt. can crosa: thim boundary befor13 the wanpon
can roeach tho teircet, he hal urcau nful.Iy evaded.

Thve target.. mannovero t; :atneu~ (er4Rent-lnlly wit-h a tactical diameter
*of zero). The turn is natiuined to hu mad, at tho opHtimal ficparation distance

front thu woajon,

Principte] Pointa

1. 'lhet thive Cur vei Jit P1.njtwe 2 4Crvprotwil: thrcC 1 (yrlit Or wniq.jtl ttldIOu-
veriihi. II y (in rIi W1110tt tlIhe WePOIt4 COOiMt VULai~iL III it Iwn ) and i od icauttu for
nuch n wtutpim, the o ct~hal rad iu,,; which wouldl junt. rr'I(1 a LartvLu oexcutinq a
Plwiapn khiiwuvor4 at. t hi npeudr ttoric oud. Any gioneato 1,rutt- tmic'rd watild
conut~ituto a Hurc~enriful ruseap. Thun , aI 3.O-knot tat Clot mitld nocapo Ln onlfl-g
mimlta e withI a wayr h.Jia thail rad iv ot f lown; thanii (ff40441 500 tent.

2.At bout, howrv'r , t~ho El qurv can be hontitjivred aii .113 umt~ra t £Vt Of tho
mannuvr'r prblvilerui Nruti t hat. 1-141 tauryrt ii a 11r41441401 IL u ttivii I nriL~Latitiolmly.
lit N'ut Itact icat l (Mimr.Vc-r!; 01r 1101t. Il~r fiwc j(144 I I (mfl nrc! miS ort~ly 13-p~rnpr;ional

to the platformn i;j orid. I n t 14( 100-knot r:9onj t, Ow- h i.4irt, mmmeaae red in thoutianda
of mther

VIII-13
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3.TRANSIT AND CONVOY

A convoy tra~nsitinig the opwn oCOJIC du?±IW1e wartime, in nubjoct to the

probability of unumny MeeAk. This ramults from the aconflicting objoctivesi

cronted by thu convoy trianaport situation. ConoS~cr, for example, an objective

tunction for a convoy daulgnuted Bluui

tManimivmu (M)(5

s ubjpct totn

t~ T

A M~nC

Whoras

M - total tonnage trarnsported from origin (A) to douLintiELUI (Bt)

T - time available fur tranriport

t-t timn trpqiii d for trnnrqxrrt

N '- nuIIhLr of iivn ila thcVrarirpart 31 tat oni

n numbor of PlUtturn to ccMrpatot at.trU:x from A to 11

C -platform capacity in toan

p prohnbt lit y of p1 at form(m desLCtrucion dur I zi t raznu tK

V4 attvoragjr InjJ4'( of CbinkvoJy Lnitn tohriazr trannlt

Tio otrova objcc t lvi function ro Plote n nn nurrumpi (io that e ml onion han been

do 71nod a rd pro rtinmiror wiacrvhy ai col1 ct. nt of c-ommoclIt ioe mo L. hr moved

t VIII1-14
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bet w'c'n I~wo pr), nt ii wit hin nii dual I qudire t Iiviv p'riod. Thv conriIt rnin t.&; have brnan

gimpliftid to indioctii that a plnttonn/unit of' tha float isi cadpablo of making

* only Otto trip from A to 13 durifnU timeo T. However~, by incroaning biniod, at poton-

* ~~tia2 of ntultiplo tripti during the maximum a~locwablo Lima IntarvaJ.,naterializon.

in addition, an unspocifiod rolationinhip botwoon survivability and transit speed

has beon anutimedu to oxiNt, IPurthnr refinoarnntn much as a dopondanca of tonnage,

-. C, and nltimbor or. available plattformm, N, tipan the niagnittuda of transit speed, V,

* ~arc subnciquantly dis,.nautid.

*The dependence of ,iurvivabil.ity (1 P upon V rot lects ain onamy (Rod)

* capability which can bo, degraded by incraaamd D1ioi speed.. Thin ,doqrndatio~n may

* ~ occur in'two watymi

1. Unitu cit the B3lue forceo can uso speed to manouvor to avoid the lethal

area of weapons launchod by Red.

I2. Milnu emccirL vehicles can time "pond to intatreept Anod and counterattack

bofore ho can s.uccennruily Inunch hiss weaponu.

Incjrvatind convoy spendi nun aluo impa(ut on the affoc~tivenorns of an ctiomy

Intelligence tiyMt if. Impjroved tranuEit. speeod r~odtiucc oxnponiurr! tirti within an

rt-gion in whIAcrh ain olnemny mi.c~iht inii ii it, fit~tdcjk * tillcnnj t-11V Rod flurvoilladfcfl

systit'n i .1 ont:Iniiotin In nat,,iro (i. a *, 01o ent~lro rojio ui u-i alwaiyi mnwintorecd

and callovtodl infornitit ion iii Iiiteprcnted In near ronl-t~iinn) , unrertaiinty Ain to

convoy loc. i tin I., .1nt~rothiUca. ThIn Flconicept w1as pruv~iciily diciicn~icid in

oubiiect.I on It.

Vill-is



scmribod hy P Lho pr~obability Of pgnLfurt, dortzructioii chuir ig treatalit. bfuonnaive

or Djun iitenouvern are oxvicutod to roductv 1 and, converouly, ofetnuivo or Itod

platouvers are initbiatd 'c.t im .,rovoPK

The transit Iiconaria canecutdeintrcl itit~o equat Ion~ not (Cs) can now bn amplifind

to inaludo cloncr-ipt1.vo patrninfltorti for both tho convoy dind tha pctontial attdwkusr.

he provinwitly iioteod, It C~orvoy ntt(inpLro to trnnruit; from )pcrtt A to Port R FlOloCtirig

a path t~hrough a krtetion under vnetty ourvoilluaiev. Thitt in cdop1.ctLd in Vligural

VIII -3.

Convoy Tra'init; Under Pnomy MirvotildInuo

TranaiL Padt~h

Pol:t A 11oI rtLt

Tho ponnih I ninduwisr of tIrmnns~i. paithri thrLosh tic' lot it opeor.tfiiij ruqJion in

inf ini to. Fiowevor , brooncisi nilgeht bho impoint-d by t hn nrvsxiinmm pouiioilio npwod or

tranni t. andI t hc'u n1lawab1o mil in ion L itnn, 'hn airvan of HO rvo'1iliviLcc, tihowli in

F'igure~ VX .11-3 ca'n t riko onl v,trloi ls fuast.urotu Thu. 'indyi. ijh t. nh' oilv 'i f* cotaOi (lnc'

on a jplattorroye ii iy &,r is mil sjh . uton Itt a ruiJlois withi I n oiSr fiv'] orn vieow

Coll L nuouisaly or flot ci Iu-ttit1y. A tonobthuoY Sn] ci motfli tord hy it rutiotv a triation

Js aen examiplu of (A couiLinuu meii onto tr. A sijonor lytistuic "ho~ril it ploi tosrtil wi th

limittvd oiAurlords:v or a iia tull .- t I L uisuor if fe'ctude by (2]olts] convorticl ara exatiqssIvcr

of intuarisli tuat tuss ilLorit.



Thco lit I wikor (1ý. d) I ' d u 1,, o t- it, t tit ritut';, u I r po i tI t riu L)hI n futvo1. 1

lanoui syntum or requirei doploymnnt from A~ romoto site. If remotoly located, the

Provbability ofr mcq~iirinq thn c'onvoy for waapow, laun~ch would be clepandoiit., an tho

amount of inrfurmAt.1oi ni plioca by r-ho initlanm dettntion syt~uton duri.Pg pulrsuit,

the putmuit Lime, and tho rinrgn cir fluald-of-vicuw of tho on-hovint, purpsuit. dettoo-

tion sonuor. Othor faecLorn Maut be vorisldoruci by M~uck whon ciptilnining u3tratOgY,

Thoseo Incim.,dco nutbrur of' urmult. vnd survoiil-inc-, platforninj ic1laii; wnapon

rangoo; qind Rud pltt!'orm iipamd, ocuiuraintrj and rautclo. Tabla V111i-1 uhown the per-

tlinent docinion varinh~enn tn% be onntlartd~il.

Table V111-1

Convoy D~oojpion Variabluuu

Platfnrm Varlinblent

BLUE~

* Nuinnbur of '11rimui t. 1 Int~fornru (cni-Io)N

0 Pna~~wt (,f I*ucovt IV~hilc1 N~.

* lxlcixl F1nur Eprud Potvcnt-1.a1 Vc

0 P i K.1 tuiiiH i Calqo 3'cu et tin 1

* Nkinihot (if 18l-ulvJ1.1atic, 1'kt.foi.iiii N1

e Nuimbor7 cut At.tac);l I'lid tfornriu N

* Maxi mum flpt-r-id tit At t.cuik Pla~t formuu



----- --- - -1

*survoill(ngien Itlignc$ a3 onvay

al Intalligonco tLovel. (i.o., Informnationi
auppli-ed roarjding crioin'y activity by
remote systrnin,)

1. Froquuorly

2. Lond Dipt~nnue ,ci (la diaetaiicuL
of unthly Atieivit-y fromu cotivuy)

*t Burvoi1l.ince Hange of Monitor Sy:t~itom

* Lurv0 lflUOnc tRliUv of A~tetck flonnor a33
SProbabiiit~y of Moiiltor Syst-im being

oporatlonal ait G~mci of convoy trnuwit
thiroug1i tho dotpOc.torn roctioit

6 Time~ dolay fromi cuivay dot*ection toT
attacke~r ruGolpt;

Woapbn Visliab!.d,'ii

* wanplpul Hariyu uf' r n:ol t W3

s Wunpoti At..;uricwy of)f' nco(r t

HJW)

*Wtiaonol Hatincii of At~tnckvr w

* WE-141011 AC~t I iley (itf At t ewt i 0I

T'hu pu rpwu(io f 'I'ib I V111-3 ill to cvinphoiwii- thu (IL'!iel Ij 11jVv elCo til Orf

a trimli . opi-Iit I if ioti 'Iid tunili he rc~ll'l ckru( N-oi, a~I 4IuIIIlt IL .M. iVi ova UM.t.i on

of' tht .1I'I;IC!L ot 113 1Pd anid ini pay I t i f.1111 Owic Villic', (if Ili,1lR'uvL'l in iiiij'u vi tiij

tho objuvcei vu f'ilict.i n !ilhrwil it) uqn.-xI i e (6) V.111 Ix ii~twc'.-Ilnd,

=14



A catploero ivaluiition, unitng a ant of definiid valuon described in Table

VIII-1 is boyond thn ncope of this of fart.. Howfaver, one can dimueu.. in general

terma th. conditinviii arid ralativo nynttam capabilities which mumb ioxist beforn

inereasod speed otthet or the Had or Iilun produrocH an impact an the objective

functioni shown in ocjuat~iaii (6).

Conattder an example where the convoy decision maker (Alue) doem mot know

the location of tho cinamy (Red) ncirvoillfthCC Zone. itriweveot 1 it Is known that

the mano docis not c~over tho antiro potontidl trayinit area. by amplayinq great-

or rne'ed, t 10 tnotl et nVI mandOvor of Mucporal on Ui.9. , divida the convoy units

and cronta inorv treinnit rout-en) might be usced.

Binecn tha lovaticiii or- tho Purvciillanca Itono 1iN randiom, the probability

of oncoi-tihor by it dinjpervircI Ltatoimit tiniL ramauitii the neimel asa tho probability

0Z ::.,x~~ witc... Ulu. c'oivoy riuniackind int~act. It ij anz:r.4mel thit targat

mitt) dow' not nfl'?cit the mtmlunlit r prorbability. Via, e'xr,,tc~d value of the

gumn Ci *. tcinii of cargoc drrit~royerl ) trr mn 10at it convoy isoi

who ri-,

G - tonn of rcu ?go d;c;t royoci

A - toni o ci! ntirij cent tat rimi iii t he convoy

14 prohliIIlit y (if roitiat ictit onrm t f veii fill eair~intior

Fit preObbhiIilty cir vniivuritc'r

wheruttri thm (vxpiiV Ind vill~ for' iu t dimipur nid vonivoy Hi~

N 13El

N iiibr f eciar oii

.1 till)



It Co&tt b~i Noon that. equation Mi) im equal to (7). Thuum, tho value at

the game doon not. chi~angt, but Uth viarbimco mighlt:. in tho cAnc of tha intact

convoy, the acetual gamie acman uitmo only two Valuami (1) mero if aiirjOuflter does

not take plaum, anid (2) A-PK givoti thitt It: eoon. For din4imrsion, the iactual

game call nassuno valuoe from 1) to A-P K in ictmernwnln or A- K /1'. Thun, it-, might:

be practical to disportio hccausa ovavn though expected lorinarta ro not dtictaoi@do

the cattnntrophic tivont or hoining mouct of thm convoy Ja gUordod AgnhiuiL. Ali

opposing rationoile D'e'r romnhil'tn tni t~tut' Witild orrtir If P thi rbii yo

doutr~untion given ancvourter, were to inorenno for Itidividual u~nits.

Another roinnon for vitiplriyitng nupod to dlyiptirml a r'cnvoy in to take

advoitatjoi~ of a limited oticrty aItu.ck tuipabil Iiy. It trilijht 1)0 pritirlii)An for

Red to mount. ctrirugh pintfornin with niultipacý womponn Onhoard to dn~hitray

anl 1nt~r._t unit., 'lowever, if tho nuatbor a! r-lsctfni-mr wt-rý' 11M.1lep, thfo.y

might niot: bin capanble' of dimrr-1-irg #Iin flt~ttWk 4l~nhint rovary rlettictnid Illuo

unit.

Raqo rd] -ni (it whic I di t. It- in vinploy'rl Cl .v , dl 03jul ~wr or ln Lavt- c~onvoy)

d urJnutrin ne trrI tII ni it , It ml 1h rhv- n cnr y ton cýro Pir i a r-o# I 'o i u 1 11t i i e'ir t I in t v r in i i at t )ion

of the mluinOnn nt prirt it. hn ititli.1 o vr-ini at y wmil.I lut tool ly taike' adrvadtitrE,

of Pilch a lP1it-Ami~tiof.

Ili fity evcont , it inkit 1w riiqu ,. t hat .It,, Itnivnr t (if filicwt md wtalIlt1IuV~rit

upon a ,'e,,' convey i t-ionlit. iii hclav LI ~Inii.At i11)011 tho~ re'l~titiv,

tati i iy or 1.t~,11 1 o i 11ti WI!d 1kinn Ai P11111Un I'i.i ll, W1, 1 wl III( hivall

numbot- of 10lo foirm,. A cluan I t itaivoi tl~Iivluat.1(11, uning Wploovc ted fcurri numlie'rr

and culpahil it.u I !. 1. 1'411 od foi an I n - oupt h i .id~ voip I i -It niplrii I ia I o r t he

~. Iilnstic t at' p.1 uiitrjt. t~i tipeed' j nod thidnoootua ol r livo tIIO ratill It.

...........



F. EiUMMAi-7 rtJ).uW~ i~N:;

Abrief ge~neral discussion of tho utility of viehicla spend in minantvar antd

*evohianico wall followed by ditilounstoti of aplictittan to tha varioun naval vehiclu

functions annly~rnd in tho provioun uitctians.

A Prom a puratioalm (iliun) poInt vd. Wow, thoro arn two typen of pursuit, In

Lithe firrit# tho purnour (Rotd) intlntainn contintkous trackintj on tho purnume. In

thin avant, thu only n3ti-~nativan availubLuo to blurs nira oununarattauk or (91.von

at supetrior opovA-unduranco combhination) aciapo.

Whon Ited iii ltimiltoc to Intortntto.nt. Information, avoidance nianoivent coin hei

employed by Bhim duringi Radla blind poriods 'to li-iruann tha aroca of uncortairity

in ordar to encapre (or collitploto n mWs~lrn prior to cn'aptlr(4) . Increasod platform

Opeetti 1t1tthftttCoom HI Sic' a tbility to (.10 Ila.

Av~icdancc of tiotvaLion by it &toorchor(t: d many ali.3 ba hoahancod by increnut'd

aipocid cnp.031 11 ty (if this t arcqnt (111 it() . n tha upito ot: Itud emploinygn ditrtibut~ori

norar.,rn to moo idtar All ar-n at C-itinin 'i o It: (or whi cii 11liin ino it t~rann it), MLIC15

befit optieio mm I to tako a di rt-v ,l MillI 'mum ammqlb wt~h (it. ant ait. imum sixed. Whvmn

Itad 'n lirt~a),ii liiy or uo~ clit. I an ) i~wtiri-came'r wit Iii o' II OiS ijirled , Bluiur rctquitru

Opauim c knoaw I'q (AC) Hurl fotnimur pa rforailmc- Jovali (jo it rmct~ion ot )lkto nrvpr~d)

in cirdcr to a de Irifl t ialt in opI I imttm lAp.'ac.

Iif 1(tO'n rictmi,-r porfortamunai III Wnil litiloittiiV Lci 1ticm anpd, thimo hnnfit to

Mull Una'r t ' rna iptami ill routid I depeimnI em kvy myirmtmat.r'rf of the I sadnuono

syitls ifI unciha Rod tionflo0r fmailio I tcor n Cittliliflunm 1y WIt Il it VarIy higch ul) Mpotid in

of nu oIic'ofit. to 14110. if , itciwcivit * tho ttun-t'Wlt ar~t) cillrtde itencd by intLc'rmlit-

tatintj gitirmipiiat wIIith inoh(rkrat (It Jo 1W till' , Phiti (-an unnti pu-0 to, rne¶uer lis numitir

of tjliinpiwsm anid, tmun , Owiti'cveralx P

1),i-



!-%I fi i t I I I i -I'(d Il~ I 1l'l'~ , Ii if I I, 1 c I it v hI livit tho ib f. Lo

emnploy a t~iimiy mnioniu~vr ta ~vadad the lt11th1 pat~tLrn of a waapon. 11owevOZ,

V ~~ag~ati1It nocieri, mititiiie iayntamn ,iuccicauro avoldanco drpinndni an a very higjh lavol

of~ maneuve~rabiblity Atc wn1I ani hig~h vahia-In gspCoods

Li thin~ tai-irpt~ion on trannit and convoy, it wnn dettorminad that. t;hu Ibenafits

of In, ouljtued rp'ned of m¶nwuvor nre highly Fi'r'nari dol-wrntlont and Lhat: cat-hor petra-

miotoria, ~uc~h an nmnpor onsi woanpn pu. rminuoand~ i~ t.he nwnbara of vehialen in~-

volved, nmunt b mpocifinuI r to maoke mactininjful PAAatminentI rocjatding tha valuo of

ralativa vc~hieltx ntipods.

VLII1-22

jA



Part: Ile Chccpturr 1!, Submacrito Objucltlvon. (BINC3UT)

2. Stirvey of? Advimncod h~rciiuiorm symunmai~ for Surfacul Vohcl~ii e( * apr

PnIQ1.1, InritituLn for Dtffcintim Anminyonr, Jintnw-ry 1075.

3. U.S. WLi Itili ) 1.uai Matot~nIin and tho~ Ipnem of Waturbornn

Commarmt fil tlic' Na~Licin (U) , I'W1AV I Qltli-1] Novcrnbtr 1974.

*4. Tit Vau flil 1polýlmt ho Naton (U) #Nhval MAte~arla Commanrd,

* ~~~Bur?!iuaj 11,ffwt; hhip't 3Projmct (14.2) OLtomber 3.973. (CONIPID1UHTIATJ)

S. The U1,1ity ut Ili ch-o rfoniminco Watcnr Cralft for Seletecd ilinnionii of tho

Ullitodl Gtntob Comht;i Ccird (11) , llnuojati 721 530, Cantor for NevIII. Annlylmeit

6. atr Ltord Al.Th 11., Air Trritinp~rt 10coniailiicu iii Lhc, Su~rtionic Brit. McM1 11an
* Prous, Now York, 1973I.

7. G Cbri oll i, a.,ndr Voil Xcirnvit, Th., "Whiti 'rIca SFparicd?" huchfin cail Emilneewr-

inOc:Lcbur 1.9JCj.

it* .Iat vi~ 'I~jt n v FA-1 .1' hipii IT) 'l-1.37U. Macdconald &i Co.*, Loncdon, 1,'liqcxnt', .1.975.

9. 0110 1 11111ti ii liCii 11 ' k iitIL10IIC I 1'll !' -3 07~6. MWcctOM113 & C0, , 1,o0i0011, Pnu1,1 11al1 , 19J75,

10. Ur I ck , It. J7. 1' I vrrIcp'I (,! tlc.Ondt-twc c't t~r auwi for. LurI I w'c'r!, Mc(raw Iii. Ii )took

C'rjlili )all , l j.I .

11 piI0~--.t mAial~yp iit U.S Naval I n'.titti~o, AnialIl in, Marylandi~, 1968.

12.i * Kopu~icc, 11. 11. ,"PIcl T'01cory Of Sc-ý0:c11 Jouuki I r 1 1V Ohc ficrit tolilw hc'noirch

Wi.I Ki-immtoit Ni m,iiu 1tir)IIc~l~s.n

Vol. ILI Tha Uptitiunt D)int.ri~IbuLlon orHtrhigBf1t 97

13i. At m 2. (t 1'tWC Atlw;ýTW

191



.14. Lon Control Fc'rcil Mi m HySAMTX T, Vol. II A. Cam~paign Aniflyrais
flhippiniy airinrt ~ippurt I~equ:i vim"'rnut, At~lanrttu CLompuiqn (U) #Vol. 111 D.
Taotiqal AnnklyFltij - A&SW, CAP)'R(/I'AHCOiS, Towlie Airrnyi, Anochoic CoettintN/
Tol.puidi CQ~~i lirmoriuroi. (0) . CNO, Syutemai Manlyadir Divinion (OP-96),
April 1973.'. (.SCRE~T)

15i. 3lit4. Lam! (0i) .Vol.. . Convoy andA Tnak Form~ Protzootionj Vol. 3. B~arrier
-1ttl -V-oJ.* -4. Opnf.--itiSa Hoarrh andv Kill. Wluftiland Aircraft~, Ltd., CUwsau

Prftain, thvombois 1-i':.i

16. ~L.~lI.vo~on Mi ~ SPCUAf4TX IT, Vol. *I!t. D, 1hiuticu OUpp'rt, (U).
CIO4, fiyoumt~tw Aimdyoli DIvInion (Q-lOct~obor 1974. (11SCRI-T)

17,CYCiOLiVolti. V, IX, Cuonir for Naval Anuilymo~u, 1i~d 047 1967. (SECRET)

10. Al~in !Lui or' llohtttnlt~ Sur1fnoj t~c~t Shipj Minyiolu (U), Vol. VIp P.Almort

* tmiukil wit; (11) , 'Poch. W1por L; 240, lnronenrch , Inc. , 1ieptotnhor 1973. (811CMlT)

19 Daii, litroli 1. , Intirodwti ori to Nonlinnnitrifarmntieal.nnd Intpural
3~iin1iiiu, Uitn iltc tattui Atornic~ Iniurcy Commissiton, U.dS. Government Print.Lng

* ~~~~20.* Iimaco j, F HWfi, Difort.ictitial Ga ~~mOFI A Mn"cirthannt.ir-ri IIIhvmrv wi t-vAri Ie1-

to Warrfa rr and I un ii It, Con mro] aond p.Im ~at.~ hubu r L.l Kr~ ogur P'ub11uar-
my, flunLinilt'$nt, Now Yurk, 197b,.

21. Al AlkyjirLtho IIf(C' h .: it~p Ii ronlnnriod (S inomU) Root
AInt Appied.I . ),ev IIt , 1 F ilrcltuory 'J(19.(wCu')

* ~~~~22. 11m AIL3.i ca 1.Iue i i lit of dc I; au: Efeut Vol i telvil to AGIN Minnilwit .(U) * rhu

23. Awily!tj ttL Pott int hi~l tli.;ne rot smtravve ifruct: Vudlcitiai _(j, wild-0V 4

24.t 41rao 1Fff t 1tj~l Vol. 1itA~lr, Sunutiitry Ruport I
Vol II, lu Ai. 1 ~ i. (HO, Syrt: tt1'iie 1AtIIlytItlvi D nIioll (011-06) j July 1971

25 ItI4C2; 'I"4I:.elio I r Irun VeVvik-W, Adrimminud Nival Vvhiv ion Canfcurita

* ~ ~ C, ~.1,V1: Air V~lInrtttn~ ,Anvanuwrl Natval Whc-Itt±lo CoIICeptD MVluo tion


