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SECI'TON 1, INTRODUCTION, FINDINGS AND CONCLUSIONS

A, INTRODUCTION

The Banta Fo Corporation has undortaken a concoptual and analytical
study of the utility of spaed in future operations, to include the rinkg
aspociated with not achioving an appropriate speed and the political implications
of opoed in naval warfaro.
Thrco.ﬁparific tapke woret
1. Eonduct a conceptual analytical study of the utility of npoed in
naval operations, specifically to include trannit, maneuver, search,
pursuit, omoape and convoy operations; the analynis to cover the
full rango of availlable ppoeds for current and futﬁre ship and
alreraft types, including hydrofoil craft, surface offect shipa,
and SWATH nhips,

2. Froa the analysin in Task 1, document tho rationale of the need
for specd in the various naval functionn studioed.

3. beterming thone spond rangus whereln future plat Forma, oxlstent or

nonaxintent, employing such spoede could inercase the eftect ivonuan

ot Ffuturn naval operations.

Tha findinga and conclunionn which follow provide a simmary of the study
ronultn.  Bach conelunjon i8 followed by page velfercncos Lo tho dolalled anal-
yils from which it waws <lerived,

Baction 1T contains the rationale Lor the need for apeed (Task 2) and
tha npoad ranges whorein future platformn could jnerease future offeet ivo-

non: (Pavk 3).,  Seclion T1 also sprves as sn oxecutive summary for the reador

I-1
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vhose intercnt 19 primarily in broad {llumination of the utility of incrcased
spoods of naval veohicles, of the gonural analytic approach used in the study, and

of the relationship of thisg affort to tho nverall Advanocod Naval Vohicles Concepts

Evaluation (ANVCE) Program,

Soctions I1I through VIITI provide the analytieal dotails of the utility of

spaed in each of the vehicle functions listed in Pask 1.* The figurcs and tables

(incorporated in each of the reforenced scctions) illustrate the functional
rolationships and potential trade-offs botween vehicln speod and the othar param—

etors of vehicle capability.

The Appendix (Volume II) contains tho details of assumed geometry, mathoma=-

tical derivation of the equations uned in the analysis, and the assoclated caleu~

lations.

[RDRUTNPUS R [

*Durling the ptudy, the vehlele funetion of "escape' win logically divided intoe
two subfuncllonu, escape by countaraltack and cacape by avoidancee,  Those are
analyzed Ip SECPIONSG ViDL, ATPACK AND COUNPERNTIACE, and Vi1, MANBUVEIR AND
AVOIDANCE,
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B, FINDINGS AND CONCLUSTONS

Gonaral

1. Increaued speod capability anhances the options of a naval vohicle
1 (or force) to choosa the time and circumstance of engagement as well as the:
: option of avoiding cngagement. (ppVv1i-9, 12, 17, 23; VIii=§ through.D. VIII-8
through 131)

2.  In most naval veliiela functions, efforts to increase effectivonoss

2k i b
B

will involve consideration of dosign trade-offs of vehicle speed with othor

purametors, such as surveillance capabilities and weapon ranges, (pp IV-20

through 26; v-18, 20, 22; Vi-l4, 23, 26; VII~-9, 13 through 1%; VIIT-10 through
13) '
3. Howaver, effuctivencos in a given total mission gonerally incorporates

pavaral of tho vehicle functions (0.9., an escort vehiecle must be effective in M

convoy, scarch, pursuit, attack and counterattack, and manauvar and avoldance).

Incroatidd speed capalility can tontribute to oflcectivonans in all'uf the func-

J ’ tionn involved. Improvements in other paramcters may not. The utility of

speed in this context §u Judgemental in nature and should be considered aus such.
4. In crines or confrontation situations, jncreased naval vehlcle speeds

may be ensential for effoctivencsan, for doterrence, or for politicul reasons,

(pp I1-35, 36)

Tranuit

5. Incroaued vohicle transit speoed can reduce force Javel regquirements
for an opcration requliring continuously maintaining a given numlivr of vehicles
"on station" at any appreciable distance from the base, The important measure

i is tha product of transit speod and total endurance, (pp 11-7 througyh 9; 111-5)

I-3
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6. Curront displacoment ships and wide-bodiod jot aircraft combhine npacd
and operating costs (por ton hour) to provide efficlent trannportation of

cargoes of appropriate value. From a purely economic point of viaw, this

is not true of currently oporating wdvanced naval vohicleos. Emongling donlgns,

such as tho largo SES, may be compavatively officiont in thila regpoct,  (pp 1I-12;

I1r-16, 19, 23, 24)

7. ‘Transport of military carge involven additional considorations of
military worth which can far oxcoed basic dollar costs and can be a highly time
dependant funetion, fTheso aro, howaver, subjoective judgments which are sucanario
depandant., (pp I1I-10; I11-9)

8. Yor mustained logistic support (maintenance of a pipeline of goodn),
increaning vehicle spood operates to roduee the number of platforms requlred to
maintain a qiveﬁ rate of flow. ‘'The {mportant moasurcs are: (1) the product of
wpeed and capacity, and (2) the loading/unlonding rates, For a given apoed=
capacity procuct, thuce Aru preferred loading/unluading rotes. (pp il-ldx
I11-27, 28)

Convay

9. PFuture submarine threats dictate much higher convey npeods, A current
limit on convoy wpeed is the maximum speed of cuvorts corduct ing continuous
acoustic search, Advanced naval vehicles, employing uprint (or flying) drift
tactics, can provide cffective protoctlon at much higher upeodus, (pp 11-17;
IvV-20)

Buarch

100 optdwan acountic scarch speeds (10 to 20 knots) are inadegquate agajnat.

high speed gubmarines,  Speint {or Fiying) drift vehleles can achieve mach

1-4




highor offactive oearch spoods, An important paramotar in the deunign of such
vohicles is tho "virtual npnud".which in tho deotuction rango while drifting
divided by tho drift time required. 8print epesd to virtual spoed ratios
graator than about 1.2 have low payoff. 'Thus, highor sprint speeds will be
mora effective 1f accompanied by incroanad detection ranges and rhduccd drift

timea. (pp 1I-20~23 , V-8, 10, 20, 22)

]

Pursuit
1. Effective pursuit spoods are 1.5 to 3,0 or mora timeo the spesd of the
pursuae. Thercfore, pursuit by like vehiclos is limited in eoffectivenoss. Pure
guit of high spoed submarines by displacement ships is similarly limited, even if

the problem of offoctive acvoustio scarch bpoed can ba solved, (pp I1-2%; VI~9, )

12, 14) . N

12, ‘ien the pursult misslon culmlnules in attack, thera is a direet

trade-of{ betwaen {rereancd offactive weapon rendn and increasod pufuuit spead

;;- - ratios.  lLonger weapon range is perforable to higher apeed when the time withe
; - in which thoe attack wusl be congummated du short.  (pp 1I~26; VI-14)
Attack and Counterattack

13. Increasing vehicle spoed provides additional options in attack and

, i countarattack., Thesa optiona allow the tactical commander to conalder othor

J S
B factors, such as the expected military value of tha oputcvomo, (IT-2% through 29;
5 . VII-4 throuch 9)

14, In potuntial attack-countorattack situations, there aro donign trade-

ek W

offu hetwean vehicle speed and tho capabilities of surveillance and waapon ays-

RN S A

toms,  (pp V11-4 through 9, 13 through 17)
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Mancuaver aned Avoidanee

15, When o pursuer has continuons fuformat ion, there is Tittle that a pur-
suea can accomplish by manouvoer, unloss he han ppeod advantaga, If, howavaer, tha
pursuor has only intormittont information and tha purnsuce has at loast equal infor-
mation, the pu;uunﬂ cah use the "bhlind” porieds to mancuver to Increaso tho area
ot uncartainLy and in some canvn 6ucape,  (pp 1I-31; VIII-3) .

16, Whon pursuer and pursucce have comparable information, relative wéapon
capabilitian, an wall an relative apeeds, datorming the optionus and potoential
outcoma, .(pp I1-31, viii-3)

17, .Thu utlility of npeed in mancuvers to aveld dotuection by a saarchaor
{or woearch saystom) doponds on the nature of the soarch (barrior, aroca) and
the characteristicn of the search system (continuous, intermittent, activa,
peusivn)._ (pp 11-31, 32y vi11-4 through 7)

18, Increasad vohicle spoed can contribute to the ability to maneuver

to escape tho lethol area of attacking weanons.,  Succeand adalnat modnrn wagnan:

requires hiqy manauverabi lity at high speeds.  (pp I1-33; VIiT-al)-11)

Political Jmplleations

19, While the political benefits of increasing the speed ol naval vehiclon
are intangible and not dircetly guantifiable, they are veal. A navy with
higher spocds can enhance the inage of the United Stales and contribute to

dotarren-o.  Examples inelude the follawing:

®  Tho advantage of bhelng the flest naval forcee on the neone.

o Effcetivencena in policing and enforcing U8, rights uwnder intoeyr-
natlonal agrecuments,

® The national and toternat tonal value of heing viewed an "the bost, "

i



® Timelinass of roaponne to disantors.
L]
© Teohnology transfer with tho private sector.

(pp 11-35 through 18)

\
[}
Tho nhext section containg the rationale for aspood and the axecutive pum=

mary,
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BECTION II. RATIONALE FOR SIEED
.
A, INTRODUCTION

1. Genoral Obsorvations

Thore are naval functions and scenarios whoro inercasod vohicle spoed producan
substantial payoff. Any continuing minnion whleh must be porform;d ak great dlaoe-
tances from basen (a.g., barrier operations at key choke points) requires that
somo portion of tha force be involved in transit to and from tho barrior. Inoreas-
ing transit vpoed capability roducoes tho transit time and (depending on thae effeat
an total cndurance) may opeorato to roduce the percentage of the foree in (non-
productive) transit., &ald anothor way, inercasod transit speed can decrease tha

humbor nf platforms necessary to cenduct tho eporation.

AB ono might expect, there aroe also substantial increasos in mission utility

by combining speed increases with lmprovements fyom changon in othar key para=

motors, An wXamplo i# that of a naval vohiclo pursuing a dntoum with » tima=latn
problam. Thu probaLility of detecting dtn taryet {n improved by inereaning thoe
dotoction range of ite on-board sonsor through fnereane fn its pearch width, Tt
ean alap he improved by Increasing spesd (which reduces the Lime-late and the
arca of pounibloe target location) . Concwrroent l.n(:rtux'u-:: in both produce conntd-
arably groater inevements {n detection probabil iy,

Howevor, thore are some forosecable acenarios and/or operationas in which
increaped wpeed has Uittie or no wtility, Consider, for examplo, o continuing
convay opcradlon fn the face of a threat eontinting of a hroad ocean nurvedllance
syotem with & near real time data Uk to submardnes armed with tactical Lalliu-
tic minuiles, 1f the miasiles have o range capability of soveral hundred milow,
the threat in onnontioelly fndifferent to canvoy speeda,  Moro gonerally, ineroasod

doetectfon ranges and long-range uamart wuapont on obe Shde will generally ovors
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come increascd speed on the other side,

Tharo is somo finito limit on the total military utility which one can rea-
sonubly denign into a given naval vohicle and thus, a queution of how much of
the "packago” should ho allotted to spoed. There are, thercfore, sevoral trade-
offn botween epord and other kay porformance paramoters (auch as .aurvnlllnnco
and soarch capabilitles; weapon canga, accuracy, and lothality; and various
endurance factorn), Many of thase trade-offu occur over dafinable pertinant
apoed rangus,

M undarstanding of the utility of vehlcle apaods in naval functions wmust
alpo includa considoration of vehiecle minsions which ean be oxpected to combine
savaral of the basle naval funct:iona analyzad,

For example, connider an oacort vehiclo, "Tha total mission may include

soarching while escorting, pursult of contactu, and attack and corntorattack,

and oxpoditicus roturn to convoy ntation., View!ng the vehicle in each function
in isolution any giva inhicntionn of alternativus othe. than npecd for accamplish
ing the vame increasen In ulility of the platform,  In search activities, incroaa-
ed dotect lon range subntitutes for npeed in dmproving scarch rate; increased
woapon rande may onhance the pursuit and thoe attask/counterattack functionn,  How=
over, acrons the whole spectium of functions involved in the mizsion, inercavad
gpood could bu tho battor choleo. By inference, dncreased speod may requirae

aven more omphasik in designe of multi-minosion plat formu,

2, Relatdonohip of tho Annlysis to the Aavaneed waval Veliicles Concepts
it fon_ (AVe

Thin anelynis investigated the utility of speed in the following naval
vahicle functiony:

a, Trannit

b, Convoy




E.w ¢. Boarch
4. Pursuit

8. Attack and Countorattack

)
¢
!
’

f. Maneuvar and Avoidance .

During the c.ovv of thim study, tho ANVCE Program, of which it is a part,
dovelopad the following "hicrarchy" of military activities, derived by synthe-

slo from "Projoct 2000," “"Study of Misulons Involving Genoral Purpona Forces,"

'i and "CNO policy and Planning Guidance for I'Y 70-82":
1. National Military Minnions
2. Naval Objectivea

3. Naval PFunctions

, ﬁ, . 4. Nnvxl Onnrnr{ngq A Tarka . .
%1 : 5. Naval Warfaro Areas
- Traditional naval warfare arcan such as AW are intimatoely Hinked with
! specific platforms and weapons ayutomag henee, focusing attention at level b
would constrain tha analynis to boing highle platform depondent.  Aceordingly,
in the inltlial stagen of the program, it wan decided to focun attention at
loval 4, 1.0., naval oporationt and tuukn: wolve hasie naval operations: wera
definod hy the ANVCE Study Diroctor asg
1. Marrier Oparationn
2. Boa-launchod Ballintic Miaaile Defenne .
3. Mino Warfaro
l - 4, Survelllance and Reconnalananco
é 11-3
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5, Naval Forco Protuvction

6. Shipping Protootion

7. Open Ovovor Upasitions

8. Ofiyshore Roasmuirce Proteation

9. logintic Suppor:

10, Btrike Againut Land Targots

11. TInshora Warfaro "

12. Amphibious Opaerations

The vehlcle functions in this report are not to ba confusod with the "Naval
Functiona" at lovel 3 of tho hiorarchy abova (8aea Control and Powar Projection).
Collectivaly, thoy are applicable to all ¢ the twelve basic naval oporations of
lovol 4 (tho focus of tha overall ANVCE Program) as indicated in Table II-1,

Table TI-1 only surves retrospectively to relate loosely the twelve basie
naval nbnvatinneg tn the uiy funrtinna af thia venpet,  Tn faet, tha twalvn hapie
naval operations wero finally defined about halftway through the study effort on
gpred. Table 11-1 is sub)ective, and Alfforent authors might relate the opera-

tionn and functionn alightly differently,
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Table 11-1,  Applicability of Vehicle
Funotiono_to Various Naval Oporations

VEIUICLE FUNCTIONS ATTACK &
- COQUNTIER- MANEUVER &
e NAVAL OPERATIONS TRANAIT CONVOY SEARCH PURSUIT ! ATTACK AVOIDANCE
. 1, Barrier Oporationn X ® X X
¥ 2, SLbM Defonoe X X x | x
} 3, Mina Warfaroe X
P 4, Surveillanca and X X X
: Reconnainganao
? 5. Naval Formu Protection X X X X X %
| § 6, Bhipping Proteotion X A X X X X
P .
? % 7. Opean Owvean Oporations X X X X X !
v . \
¢ , B. Offphora Rasourcoe X X % X t
S protocticn
+ i ]
[ : '
: § 9. Llogistic Rupport . X X X X X e
g (including UNREDR)
10. 8trike Against Land X X
; Targots
11, Inshore Warfaroe X X X
12, Amphibious Operationn X X J X X
: 11-5 ‘
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3. Relationship of Speed Rungen to Vehicle Types

The detailed analynis of tho utility of mpond in the vehinla functiona (Sac-

tions ITT thru Vitl) was conductnd without rogard for a particular naval vehicle,

The rosults of tho analysip are relatod to spoed rangom of spocific vohicle typos

in the following subsoations, whish also develop tha rationala for apeed in each

spovifie function,

Specd intorvals wero chosen to novrespond approximatoly to rapresentative

curront tachnology of -advanced naval vehicles, (The interval limits can bo ex-

pectod to changae as vahiole tuchnology progrossaes).

The spaod ranges and cor-

responding vehicle concepts are listod helow:

Spoed Rango tknots)
15-35
35«60
60-200
-100-2n0

200-G00

ey

11~

Vohigle Concept

Displacenent Ship, BWATH, Planing Craft
Nydrofoil

2LV, BEB
WIG, LTA (W'C opeed range im about 150 250)

Fixed-wing Alroraft (Alr loiter, S8ca Lojter)
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B, TRANSIT
Transit of a naval vehicle s tho function of procecding to and from a
vohiclo miasion, Throo aspocts havo boon considorad. In cach, thore are incon-

tives to roduce the time spont in transit and thorofore, to incroane tranasit

wpead, Koy obnervations from each cane follow,

Cane I. Tranait To and From a Statlon

FQ: thir function, a uscful utility measuro iﬁ that nf'tho baso lﬁuu factor
(on), which ip goncrally defincd as tho number of vehicles requived in order te
keop ono on station, i.0., conducting {ts minnion.

Whan onduranze is dnsonsitive to apeed (0.¢., nuclear propulsion) or limited
by othay factoys (c.d., pilot fatiguo), inoreascd tranait spood shows clear gainws
in utilit&. Otharwiso, tha problom bocomes one of dewlan trado-offs among tran-
it wpood, mission parformance speed, total cnduranco as a function of theso twe
spoodn and the roquired transit distanco,

In any oevent, t.hnwrn practical limits on how nmall a L\;.F‘ can ho achioved
(by whatuver means)., Doinw aboul 1.%, further dnéroaauﬂ coma only by achieving
vory large dncreases {n the product of translt upucd (V) and total onduranco time
(1, the VI product..  Fvon in cane of a total ondurance which {s ingensitiva to

trannit spoed, reducing tho BLE from 1.5 to 1.25 would require almost doubting the

tranuit wpued,

Charactnriilically, for a typleal mid-At1ntde miauion {1000-nm round trip
trannit) baso loun favtoru of about 1.5 aro probably achloevable for some current
Aaplacement. hulla.  Curroent patrol aircraft (1'=3) are capable of mimilar mio-
slont, but only at BLEs of aboult 6, One might expeet that tho bost DL that
techholoygy can roanonably expoct to achiove far advanced naval vehiclon will bha

bounded by theso two values, an indlcated by the analysis in Secetion 111,
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Table 1I-2a phows the product of VI (in unito of milen) nncosmary to aghiove

tho indicatod DLY fur the indluated two-wny transit diotaonces,

Tablo I11-20, fTransit Bpecd-tndurance Products (VM) and Baso Lona Pactors (pLY)

EAbas i

P Dinmt,
nm| 500 1000 1500 | 3000

i Lt
’| 1.8 1500 | a3000.| 4s00 | 9000
5.0 600 | 1200 | 1w00 | 3coo

Tablo 1T-2L shown, as an oxamplao, the endurance dn hours roquired for a
two-way tranusit distonce to achlove tho dndicated BLE in tho speed {intervals
noted. For simplicity, the caleulation is mwade for tho mid-point. of each speed

intorval,

Tuble TI-2b. Roqguired Endurance (For various Spoceds) to Achievo BLPu

1000 _nm Two Way Dintance)

i finard .
15-14 1%-00 60-100 100~200 200-600
[NAN
1.5 120 63 k1i} 20 8
6.0 48 25 15 f 3
K
11-8
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Thus, an B80-knot ACV or SES roquires about 38 hours of cndurance to bao able to
maintain a 1.5 babe loms factor at 1000-mile, two-way transit distanca.
Table TI-3 shows how tho enduranco requirement changes as the two-way

digtance to station changes for an 80-knot vohicle.

3

Table 11-3, Requirad Endurance (Hourn) to Achiove BIFs at Various Transit Distancos

(80-Xnot Vehicala)

pintance

BLE i 500 1000 | 1500 | 2000 | 2500} 3000
1.6 19 38 56 75 94 113
6.0 [{I ) 23 30 k1) 45

The important point is that the denign of an §0~knot ACV or BES muut meot
cartain mission distance/endurance constralnts if force 1uvois are to be reason-
able. Current technology indicatos a total range of about 1500 nm for an 80-
houl 803, whith susuils dn an vndwaence av vhas gpecd or about L9 hours. This
cndurﬂnée corresponds to a nLFlof about 3 for  rouwnd trip distonce of 1000 nm,
At 50 knots the endurance is about 40 hours and Lhe BLY iu 2. Thus, It is not
sufficient to choose speed intorvals in vacuo for consfderation of transiit to
station, but rather o snet of consistent parameftrie values must be designed into
the vehicle and the vehicle mission. .

Tha 60-100 knot intoerval was usad ans an example. A pimilar table can be
constructed and conclusions drawn for cach ppeod intorval.

Caso II. Transit to a Dentination

The tranait to destination aniljyses consiut of an invunltq&\iun of utility
of apred of naval vehidelen over a potential variety of trannport missfonn,  Tn
a general economle sense, the cost of a given tranaport minsion depends en throee

factorn:

11-9
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1. Cost of tha goods being tranasporter, mince there is an Hppor-
tunity cout of alternatively investing thiy dollay valua.
{The cont of tlv goodu x tho intorest rate por unit time x
the tiwe in tro.sit,)

2. the plrrform daily or hourly epernting costs which aro obsen=
tially independent of speed (Limo depondent costs) ., -

3. The speed dependant cost of cnergy consumption,

The analys!s of this cano in Saction 11T addrecsses this problom and {indi-
cates that the principal impact of speed may lis in the mavitime and/or air trana-
port realm,

There is a potantially important parallel consideration for the denian of
futura naval volidclon, Concaptually, itom 1 above can bo considored as a tima
depandent milltagy utility function. That ia, the military velue of the dolivory
dopendn on its detorront value or its subsequont military effectivoness and it may
sard ea tha tyancdh tmn o yaouived fn mals the dalduory  Nn attomnt wae
madoe to determine thin highly renario dnpendont. "value® of a milita;y cargo.

llowuvar, some inanight iantoe the-ctfectivanoss of naval vehicle apeedn in thig
type of translt function an be gained by using a range of dollar values (por
ton) as a proxy for willtary utllity of caigo. Combinlng thene values with op=-
timal mpoeds for a re.listic rango of fixad oprrating cont: per ‘ton hour producos
a sat of curven of deslred speed rangos at.vnich to transport such caxqgo. This
is done in Lha analyais in Scorion 111 (Transit): table IT-4 indiecatos roosulty of

this analysis,

1I-10
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Table II-4, Optimum Spood Intarvals for Various
Cargo Vatuos and Oparating Costn

Caxgo Valuo Fixod Opurating Cent Optimun Bpaod Intcrvale
« {($/Ton) ' (%/Ton Hour) (Knoln) —
1-10 <001 0-10
10-100 «001~.01 10-25
100-1000 01-.1 ' ‘a5-80
1006-10000 =1 40-8%
10000-100000 . 1~-10 85-18%
» 100,000 » 10 1 » 185

Morxe jenoralily, correnponding to cach range af curgo vuiua thure s an
optimum spocd of tranait and aasociuted 6pofntiuq cost whivh minimiuse hhé total
tranaporration cost, An.cpbrdtinq conts increaue thare (o a range of cargo vale-
ues whiéh arv ingonnitive to tfunuit upead up to a critlieal vnluul Reyond this
valu . the optimun apaed of transi! 1la o monotonically in&rvusihg furetion of
caryo valua, For example, for an opeorating cont of $10/7ton hour, the apt imun
spead of trausit s insenndtlve to cargo value ant il corge value reaches a range
of $10,000 tu $100,000/ton; 1t thoen inercases monotonieally wjth cavrgo vilue,

Foar conparinon, "able 11-5 dndieates reprenentative valuea of payloads

and fixud opevating costs of various types of vehicloes,

11-11
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Tabloe If=8, BEatimatod Payloads and Fixed Operating Costs for Various
Typos of Existing or Pruponod vVehicloa+

Spood Rango Vuhiclo Payload Fixad Oporating Comtnp
(Knots) (Tons) (8/Ton Hour)
18-235 Displncoment Ship {1 5000-15,000 0.1-1.0
35-60 Hydrofoll 15 al
60~-100 ACvV 75 a7
' RIS v 30 10
100-200 LTA
Wig
> 200 (c-130) 22,5 42
a/ (747) N RS 250

At theldr presont atage of dovelopmont, advanced vehleles would be far
below optimam in tranwporl nlsslons., or vawusple, an 60«-knol 8ES which could
achiove fixe! operat.ing couts of about §1/ton himwr woul? be an gptimum vehicle
for transporting cargo in the $1000-510,000 por ton range.  The table indicaton
that one cumrrent 8SES has fizxed operating couts of about §10/ton hour.  Thiag
particulayr vohicle has a payload of 30 tons. A much larger proposed S5 (50

knots, payload about 1300 tong) and othor largoer and fasiter Yuture vorsions

- are under considuration. These may be competitive in the reglon of highor

cargo valuen assuning that lavger capncitios will result in lower fixed opor-

ating contn (%/0'on liour).
Canv 111, Busbnined Togint i Support

The suntained logiutics napport operation can bo connidored an o pipelina

of goodn, wherein a large amount of the matorial dn the syostem is on route.

*Ratorenuen for entimated operating cost data Inelude The Utility of Hligh boerfor-
manen Waterera- U for Selectod Minstons_of tha (nited States Cogat Guard (), Pro-
Jaat. 921530, Conter for Naval Analysus, November 1972, ap 754 917,
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The principal measuro of tho oflect of spoed in a pipeline ip tha numbor of plate~
formes reoquirad to suatain “491v0n rata of delivory,
; The eritical paramotors associated with a pipoline oporation are the spood

.
of transit, the payload capacity of tho platform, and the loading.and unloading

rates at the ond points,

g

Bmphasis s on epeadn betwean 35 and 200 knoto since theso speeds cor-
%. respond to tho majorit? of advancad jitaval vehiolos bolng conoiderod by ANVCE.
P it should bo notoed that the upaecd roglonn below 3% knots {displacoment shipa)
M and abova 200 knots (fixed-wing aircruﬂt);ara vecuplod by logistics systoms
devoloped from mature tachnology. The 35-200 knot speod roglon in eharac-
terized by now congopts. Comparable tochnologlcal devolopmant may rosulb in

4 . much higher performance lovele in this speed range In the futura,

The vehiolao in tho spaed royion of intorest represcht & gunoric sot in
ity technological infancy. Some of thene vohiclon wors not ' 4n oxintonco a
decado ago; othorn, such as lighter-than-air, ropr&nvnt ra-emeraing technology.
The wing-in-ground concopt wvan n technological curloesity until brought to frultion
by the Soviety in such vehiclen ay the glaat "Canpilan Hea Monstoer,®

An important rolatfonship which emergoed fraw Lhey analysis of the pund-
tuined logisties support problom wan the speed-capeckty product (VC) . The advancod

vehicles in the speed region of dntereat arc capable of satisfying the sapeoed

requiremunts, but are doficient in thedr payload capicity,  llowover, this

deficivney may bo corrected with some of the planned advanced vehicles (anch

. as the large fHES) making thoese platforms woro attractive for use fn a puse

tained pipeline operation,

The analyniys ghows that the rogoired nambor of plat forma in the pipeline

i
&
]
»
$
v
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operation can bo reduced hy incroasing the loading/unloading raLu; but that de-
¢reasing marqinn; roturns ogour at high raton, For a VC of 15,000 53%%%%13
(characterintic of a C-5A, for osamplae), an unloading rate of more than about
200 tono/hour (20-30 minutes unloading time) doonr not ylold significant reduc-
tion in the number of platforma needed; for & VC of 400,000 (characteristic of

a modexn oargo ship), unlouding raton of 350-400 tons por hour continue to bro-

duco approciable reductions in the numbar of platforms roequired,

1114
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C. CONVOY

The convoy function can bo viewod as a npoacial cano of the "pipelina® prob-
dam. ftlowaver, tho olomont of purvivabllity of the platform im addod, trom tho
point of vivw of advanced naval vehiclen, the offoct of the rulativa npaod capa=
bilities of the convoy ships, oncortn, and threat vehielen on pipeline survive
ability is of primary intorost,

To this and, vehicle spoed per we de an inadequato measuro to dotormine
convoy survivability, 'Therefore, speed ration betwaoh convey and attacker, and
opcort and attockers, arn Introduced, To focus on thoso npeed ratlow and tha
otfnuhiVUQoan of Incroaning thom, tho potential cutcome of attacks im ignorod

and only tha probability of oceurrencve is addressed, Similarly, micre-tacticn

aro not connidored,

o BEfew tn 0 Culvoy Speed

Cane 1. Couvoy Speeld dreater Than At tacker Spoed

For the cane of convoy npeed greatoer than attacker upoeod, the convoy om-
ploys npeod continuounly to reduee the dnastantaneous threat avea [rom which {t
could ho threatened,

Where the convoy usen tta own speed advantage, Lhe r1eqlon of fotorest in
the convoy to attacker apoecd rotio, an neen in HSoction 1V, In botween 1% and
3. 1f the mador threat to convoys in the fulu ¢ will be at tack submarines and
purfacoe nhipn, the maximun apeed of tho throat will o batweon ahout 30-40
knotu,  This places convoy npeed rogulroments in the ranga of 45120 knol s,
1f the wajor threat will be afrcraft, thes Inereaqsed convoy specd fn nol vory
uneful , except to reduce the wingle glimpae probabii Lty of detection as din-

vunsed in Bubnect fon P oof thin Boection,
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As is nhown dn Boctlon IV (Convoy Dperations), tho throat area con be re-
dupod by maintaining a specd advantage of about 1,5 to 3 over the attacker)
howevor, the attacler can compenuato for the spoed dofiviency by invreauing
hig detection and weapon rangemn, PFor inatanco, an attacker with hAll the speced
of the canvoy can quadruple the throat area against the cenvay by using a weapon
with a range equnl to his detectlon rango, ap shiown in Figuro 1v-3,

It should Lo noted that the vonvoy throat avoa roprosents an area of poten-
tial throat to the convoy; thim area oxists whether or not the convoy has know-
ledgo of an attackoer'n prosonce in tha aren, If the convoy s aware of the
attackor's pruncien through intelligence or by employing countoer dotection,
the highor the cohvoy-to-attacker speed ratio, the woere likely the convoy could

sucoorsfully evade the attackern.

Cane 1T, Attacknr Spnsd Grenbor that Crntny Shn o

In the preceding cane, the convoy had a #ppadd advant age over the potential
attacker. Thin may he a reatintic ansumption if one regards convoyn and
threats to convoyn in the traditional nonne, {,e0, subimarines armed with
torpedoas varsun convay shipn.  In the modern environment thin anggmption
may not bo vary realistic aince the threats to future convoys may bo high-
ppead nubmarinen armed with crufne miosilon and lony-rangu afrervalt with
gtand-of f mineilon,

In a practical sonne, when tho convay has a long ditntance to trave) to {ta
doentination and the attacker han the speed advantage, the attoacker baving dotoected
the convoy = n eventually overtake it. Further, with external suvvelllanco and
targeting, tho attacker armed with long-range minailen can attack the convoy

from wome dirtanca antoern,
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search by a convoy encort

equal to that of the convoy,

b e e e e

In thin case speed along may bo of limited vtility to tho convoy, nnd the

effeoctivencns of oscortn as o function of tholr spoud must bo conpldored,

Cano 111, Eecort Bpeed Requiromants

In order to countur the threat from a highespecd attackor, the convoy

maut improve 1tn counter detection and counterattack capablility through the

use of omcorts,

Theare are two important ancort speed ration: encort=te=attuckoer upond

ratio and opcort-to-convoy spead ratio, The first ratio is rogquirad to insure

timely closing and countorattacking the threat) the second is reguired to

maintain the oncort'sn own detaction capability ovor tho asnignoed arca relative

to tho convoy,

To be effoctivo, tho firsmt spoed roguiroment that an escort must fulfill
Ay to pusaony o spaoca capability groatoer than tho convoy. Thur, convoy speod

roquiremants nuch ap thono in Cone 1 (45-120 knotas) imply encort mpeedn of aliout

$0-150 knotn,  Continuoun acountic bearch would he fneffective at such ppoedn,

Bprint-adrift tactics are regquived 1f the escort 1a to provide protection to the

convoy ayainnt nubmarine threats by cmploying acoustic search,

The ganeral nprint-drift scorch tactic 1s defined and discunned fn the fols

lowing subsection on pearch (pagen 17-19 through 23). sprint-deift acoust o

i o npoeinl cane in that cach eacort* must cover an

sanigned nector (relative to the convay) and do so at an overall ppoed at leant

The detoction range while arifting, the delft time

*Heo pages 1V-24 throngh 26 for a discunnion of "Yeap-frogaing” wprint-deirt

poarch by a pair of escortn and the dmptied trade-off between foree level re-
quiremanty and vebiclo capabil{tion,
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required to comploto a search, and tho sprint spoed and Alstance hotweoh poarchos
combine to fulfill this roquiromont. fThe serarch subnnction introduces tho con-
vopt of "virtual apeod" which Facilitates tho analysis of tho effoots of sprint
speed on overall) noarch capability. .

For the caso wharo oucort gpood is greater than econvoy speoed but loss than
the attucker speed, the number of encorts roquirod can be reduced by increaning

the waapon rangoe of the eascort, as shown ih Table 11-6,

Table 1I-6. Encort Reguirementn as_a Function
of Bpeed und Weapon Rungo

Attackor tacort Weoapon Ranyge/
Fucort Bpead Ratio Doatection DItance Number of Escorts

1 29 5.2
50 4.0

2 25 4,9
ho 3.6

1 .25 7.8
50 . 3.0

Capa 1V. Indupendent Safling

The proceding dincuunionn on convoy-to-nttacker and uucort-gu-utlackvr
ppood roquirementn open the queation of Independont sailingn versus convoys,
Thore are cortain conditionm under which one or tho othor may be n lagical cheice.
Indepondent. nailing may be the proper cheiceo, $f the pipeline |1 compoaod
of high-apecd ashitps and the attacker's capnbilities are Hmolted such that thio
upned can produce small oand narrow Lhreat arean.  1f puch "convod® upeads
are aluo ennentially beyond the spoed capabi lity of offective oocort, {indepon-
dunt uailing {n a ¢lear chofcee, I, however, the enemy threat (surveillance and
weapon rangosn) in rolatively dnsensltive to convoy apeod, and oncorts can pro-
vido offective protoction, convoying may boe the propet chojow,
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D. BEARCH

In dnvemtigating tho utility of speocd and optimum spaed ranges for
eonducting acvoustic search by a single unalded nearcher, two cones are
axaminod: :
@ Barrlor Bearch . )

0 Opon Arua Saarch

'
'

Bmphiasin in on adoustie search for enomy submarinas. In thln vane thera
are optimum poarch spends bucause tho lnercvasad spsod {incroasan the longth of
the aroa searched por unit time, but fnercasing speed reduces tho dotaction
ranga (which dotormines tho wldth of the area snarched)., For other types of
sonsors and torgoets, detoction ranges tend to be inceholtive to search vehicle

speudn) search ratews, therofore, increaso lincarly with spoeed.

In both tho barrier and open araa casvs. thraee sanrch modos wore invooti~-

gatod: : ) o
0 Continuoun Boarch
0 8print-brift fearch

¢ PFlying-bDrift sBearch

1. Barrier Sceorch

Tho bavrler case roproventn a well=delined avea o bo searchied with tho

expectation that a targut (In thin case, an onomy submavine) may attempt to

travol through thae barrior,

continuous acoustice seareh wau favestigated tor sennor nystems oxploit ing

two typesi of Lorgot, chavacter intlen
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e Active monar neavch or pasnive moarch utiliging narrow band
datootion of a non-propulnion~relatod noise sourse. In thin
cano, dotoetion range iu indapaendent of targot upesad. {Tho

b effoot of targat aspoot vaa not eennidn;od.)

o e Hroad band paspive dotectidn of propulsion-rolatoed noiwsa,

In this ecauwo, doteation range is target spoed depondent,

i In cither case an optimum range of naarchor spoadn can be oxpectad, Thin
o

optimum is,primarily due to the degradation of acoustic sensor capability with
the speed of the ucarch vehicla (L.e., the benefit derived from inercancd speecd

in tha form of incxoawed sweap apoad is of fuot by the degradation of sennor capa-

i ' bility with 1nurnan1ng'flow noise), It has heon obuorved by othur investigators*
g that the sehaor capabylity in dograded to 30% of ita maximum valuy at a spoed of
g 18 knotn, a result consistent with this analysis. Honoe, continuous acountic
g ' Cwenreh in a barrier is limited to search ppoods balow the npood capabllity of

preannt naval vehicles amt higher spoed capahility would bo of ;uuntionuhln
banufit 4n thin vehicle funetion,

In ordor to utilize tho spead capabiliticey of high upvhd vehielen In agountic
search, oither sprint-arift or flylng-deift tactics must be cmployed,  Bprint-
drift iy the tactic of a submarine, surface or near surfoace ship aprinting while
not snearching, then nearching while at xoyo npeod, thon sprinting again,  Flying-
drift o tho tactie of alreraft capablo of hovering {afr loftor) or sitting
on the water (soa lofter) during the 1atening period,  The atrerallt cmploys
esnont fally the same banie taetic ar nprint-deift, .o, flying while not
pearehing, then scearching while hovering ov sitting, thon fiying agadn. Tt

diffoers fram nprint-dr {10 $n thal additional tima dx required to deploy and

‘”l“Qb"Lﬂﬁﬂ' Val., 3 Barriey Patrol, Report 79462, Wont land Alrceraft, Ltd,, DBant
Cowen, Tule of Wight, Novembor 1961,
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retriave the sensor. lonce, the benufit derdved vrom highor flying upaed in
offset by the additional doad time during the drift paried. Using thiys saarch
tactic, no cloar-wut optimum npond emorges, sinco paramoters other than Bpuod,
such an dntaction range and drift time, {mpact on tho effectivenoss of saarch.
A "virtual apoed" can bo dofinod (which othors hava refurred te as o “svarch
of fialency ratio" or “"sourch officloncy parameter"), i.o,, the drift datection
rango divided by tha dfift time, Note that the virlual spoed indood has the

undt of speod.  The equation

-l’... 2 ...3'..-. + ....1.....
v! Y Vy

is capily dorived from aquation C=-8 in the Appandlx, whoro V' ia the overall
spoed of advance of the noarchor, V is the sprint spoaod, and Vv 1y the virtual
apuod, 1,0, Autaction rangn while Aviftinn Al idad by reguized deift time to
cumplote a search, Tt in woan that oven if ¥, thn uprint npecd, lncroases ho-
yond all bounds, tha npecd of advanee cannot oxecod tho virteal spoed (annunen
paarcher nprints o digtance oygua) Lo hin detoection range),  This results from
the fact that the scarcher In only offeetive for noarching during the drift
timo,

For low valuen of virtual speed, 1,a., in the order of 15-35% knota, nprint-

ing at high spued would he a wastoful taetic, since any nprinlt specd greator

. than aboutl. 40- 50 knol v contributon very 1ttle to the advaner,  When the virtu-

al mpood han o valuo of BO or greator, then sprinting at high speed hecomen a
more uttractiva tactio, )

ook tng at the problem dn o difforent way, If o dendred ppewl of advance
i npecifiod Tor o given virtual npeed, then the requirod sprdnt npeed can bo

aaleulated,  For instance, 1f the specilied operation in to encort a task foree

al 40 knoty, thon tho roquired rolat tonohips are given 4n Table 11-7,
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Table I1-7. brample of Reduirad sprint Speedo and
virtual Spoodn to Eecort (Convoy &poed » 40 Rnotn)

Virtual Hpeod Raquired sprint Spoeod
(Rnoty) (Knots) -
04 76.4 ’
167 52.0
250 - 47.6 .

Nota that inereauing the virtual speed allowa for sprinting at slower npood
whila still maintaining the desired apeod of advance,

Flying-drift wearch displaye mimilar characteristics) however, if the soarch
panpor io 4 towod array addltional time will bo required to deploy and retriove
the ayray, This huu tha offoct of inersaning tho total drift iimu and docroas-~
ing the virtual speod and thus tho speed of advance of the searvhor. For exampie,
far n onvfann yphicle the neminal delfs ddee Lo approxinately 8.3 hwass, and for
an alr vehicle Lt in about 1,5 houru. 1f tha dutcction range 1ln bdth vasoen 1o
oqual, perhaps 1% nm, then the virtual spoed of the purface vohicle {n 50 knots
and for the flying vohicle 4t 40 10 kuotw,

Ayain wo seo the necvasity, in chooning speeds for naval vehicle denignu,
to halanco upoad with othor factoru., As can e soen Trom the ahove tablo,
doubling the B4 knot virtusl speed by cnmbinﬁllunn of iuproved detoction ranges

and reduced drift timo, reducen the sprint specd roguired from 76 to 5%, maine

'tninlng the name apeed of advancu,

Cana 17. Open Arva Hearch

The open arcea Hourch reprenentn a random oneountor with no prior expeeta-

!

tion on the pragsonco or abuence of o Largol,  Tn upen aved search the oxpectod
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number of encountdrs varies with the denslty of targets. The density of
targota, in this analynla, varies with their distance from port in accordance
with the base lons factor concopt introduced in tho transit saction {{.e,, as
the distance from port incroamecs, the total area in which the tnrq;tu ean
oporate also increuases; honce, for a ¢lven force level, the taryet donsity
will decreane),

Tha conclusions from the barrier case using passive scarch arg applicablae

to open arca gearch. However, active sonar is not very useful in open area

gearch since the target is not constrainoed to crows a barrior, Since the target
would pasnively countordeteoct tha searchor beyond the goarchor'c capability to
detect, a high spoed submarine could always evade tho searcharn.

For aprint-deift or flying-drift soarch the numbor of oncountors por hour

= -

incrcasen wich the virtual upoeced and target densily.

Fovlbuth the barrier and open area scarch the optimum éonfinunns soarch
sperstd LS in the Lo - apeed range (10-20 knetu) and higher search spoed resalin
in reduced of fect!veness for vach scarching platform,  However, vehicles in
thin lowe: sprod range are typically long endurames vehicles and are capable
of sustained operationo,

Thun, in the cance of acoustic scarch far submarine:, fnereased vohlcle
apeed  (Gad the Joplied advancad vehicles) may fmprove search of foctiveneas,
but other improvementy nuch as roduction or climination of drift time and
inzreasad endurance would be neceusary in onder to fully realize these bene-

fitn,
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intercept point and hendn for Lhis point at the updod nacennary for an intor-

E. PURSUILT

The c¢lasnic problom of pursult is in some form a function common to all
torms of warfare. Any doployed naval vehicle ip a pote. “ial partieipant in

one role or thoe other in pursuit.

Wherever a vohiclo has timely nctice of the location of a pursuer and is
frao to'manquvnr, it can crceate a situstion wherein the pursuer requires a
speod advantaqe for succoss. The greater this speed advantage, the earlier
.
capture occurn and the shorter distance the pursuee travels before capture,
fhus, there is a clear caso for incrcased npadd in the pursuit function.
Thore are two basf¢ tactics availabloe to the purauver:

. ), the pursuit curve, wharain the pursuer continuously hcads diroctly

1,
for the targot and continuousnly alters course to do so, Y
2. The Yeteady beaxing® tactlice, vhoeredn the purnusr ocaloulatas o fature

cept.

The pursuit curve reosulting from the first tactic always reasults in a
stern clase.

There axe a hyriad of moedified pursuit patha generated Ly specifice of
other varamectors,  One asuch {8 the case whese the purauer has a high speed
weapon and "ecapture” ocenrs when ho reachess woapon launch range. He then may
‘mncljfy hin path to elther follow a pursult curve to the nearent point from
which he could Lawneh his weapon or tnke a etoeady courss (lead angle) which

mivimizen the digtance Lo a weapon launch point,

An dimpor tant case i one where the pursucr lacks continvwous information on
target losation., 1o this case, he purtsues a datum and attempts to trap tho tar-

get within the path whieh his gensor sweeps Lhrough this datum,
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In all casuay thera ia a clear increnso in hhility with incroases in, spoad
ratioe. Adain, howover, there aro trado-offs with othor paramdtors, sueh as

dotection rangem, froquancy of up-dato, weapon npoeds, and woapon range., ‘Thene

aro discusscd in some detail in Scction VI,

Important observatjons from this analysis includo the followlng:

- e

i - ‘
|- . ) 1. Pursucr-to-pursuce npeed ratios of less than about. 1.5 can zesult in
o vory long tail chason. However, speod ratios above about 311 produce very small

. incremental gaina,  Table IT-8 summarizes the inforoencen of tha above for naval

vohitles in potential purasuit scenarioy., .Nate that tho spoad of the pursuor

; indicaten the approprloto typy of pursuit vohicla. Thug, pursuit of alerted

high spoeed submarines by displacemant ships will not be vory cffoctive aven

)

" if the problem of acoustic sonsor degradition can he overcome,

table 11 8, Mppropriatc Mursali Vohicles
' For civen Pursuse Speed Rangon

Purpuit Vehicle Purnuec
8peed Type, fipeed Range

15-35 Displaromont. ' 5-23
35-00 Hydrofoil 1240
60100 BES-ACY 20-67
100~ 200 LTA-WIG 33-131
» 200 Arceraft > 0

2,  The trade-off betweon pursner's speod ddvantage and hios weapon range
{when pursuit culminaten in attack) 1y of {nterest. from tuo points of view.  Tho

fivat is that long weapon rangos can make pursult effocetive at very Jow apeed

advantages,  Tho scecond 1w thal as the tdwe avatlablo for capture {nttaek) ba-
. comen phort, the trade off bogina to favor groater weapon range rathior than {ne

creianed upoed.
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The analy'is, in Saction VI addroscos a cane whercin initial meparation ls
200 nm and tha puruuec's maximum spaad in 25 knots., Table II-9 indicaten renults

for two capture timas (8 hourw and 2 houra).

Tabla 1I-9, Illustrative Pursuor
Bpaod-Woapon Trade-offn

{Initial Scoparation = 200 nm, pursvee epood = 25 knots)

Maximum Purpuit Raquired Woapoh Ranga (nm) To Attack In:
Bpoad (kts) 8 llours 2 Hours
25 a0 160
3% 0 138
50 - 110
78 - 55
100 XY o

In the parspactive of advancoed naval vehicle devalopment. innrrsand apsnd
increancs eftoctivenvesr in the purnudt minnion. Howover, thore are clear trado
of fu with other vohicle parametern, dopending on the ultimata purpose of the

pursuit, the capability of the pursuce, and the initial gromotry of the problom,
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¥, APPACK AND COUNTRRATTACK
)

Attack in tho reoult of a negquence of eventn beginning with delection of
an enomy target. Boveral of thoe vehicle functions, which formed the focus of this
study, aro involved in this sequence, and thus, are rolated to utt;ok. Attuok
alno includos Lhe use of woapons and, thovefore, weapon ranges of hath parties,
the attacker and target (o1 counterattacker) must be considored. Proparation
for targel oncapo in the form of countorattack haglns when tho turgob is ini-
tinlly alerted to an approaching attacker, The actual counterat tack woapon ia
launchod whon the digtance botweon platforms is roduced to tho initiel target's
weapon rango. .

there are four important variables for cach platform (target and attacker)

" which impact on the outcome of attack and countorattack., Of courne, spovd of

cach platfurk iu the primary one under consideration,  Tne others arv, for
vach platfurr, survelllance range (includes oxtorral ecaccoen) weapon range and
woapon responao time (measurced frow detection to weapon launch) . Sevarcl canen,
than, arc relevant,

Cane 1. Altacker survedllance rango and wdapon range are hoth groater than
tho target's ourveldllanee range.  Onee the attac,er vantacts the target, Bpead
is dfrrelevant.  The outcome in simple,  Given detoction, the il tacker coan always
attack tho target. ' The target never han l.hn.nppm'l‘unﬂzy to counterattack or covade,

Cane 11 Al e kor woapon range in Jenn than the carget weapon range, and
ndditionally,

(1) Cane t1=-1. The target survellloance range Mes hotween the attackor'n
purvelllance rapge and attacker's weapon range, i Lthils eatie when the attuacker'n

gpeed {n greater than the target apeed, the onteome dopendn on the target's re-

nponie {ine,




L PO

Thoe angagement coniintn of tho attacker dotectlng {or recoiving knowladge
af) the target and cloning tha rangoe to the target; but the targot countor detocts
the attackor bofore the attacker is in a position to launch his woapon., The tars
get than turns away from tho attacker and prepares Lo counterattack, an oporation
which takes some time, In the meantimo tha attackor continucs to clono tho dis-
tanca until it reachen weapoh range, For simplicity of doncription, waapon
£flight timea aro consldorod to be roro. l ‘

whan tha dlatanco-npeed relations are auch that the timo to c¢loso thiw
dimtun?u i losn than tho targot renponne time, the attucker always attacks
and the targot dovn nol.,

Whan the time to close i oqual to the targot rosponuse timn, the attackoer
may choone Lo break off tha attack, in which caue Lthe targot never has the op-
portunity to Ao so (i.a., nolthar attacks) or the attackor attacke and tha tare
get. alpo attacks,

Lantly, when the time ie greater than the larget vesponae time, the attackor

should hreak of f hin “attack") otharwine, the targot may choone to counterattack

or {t may break off tho attack.

xamplon of required attacker speed advantages (to elone and make the
firnt waapon launch) for this case are indicated dn fable It—ld. {(Boa following
page.) Note that increancd attackor wonpon rande to an alternative to
increanod attacker apeed and may bo preferred For nome of the combinat fonn

indlicated.
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Tubluw I1=-10. Roquired Attacker 8peed Advantagas For
Nominnl argot Woanan Reatonue Pimon (Cavo 11=1)

bifferonce Botwaan Taryet Detection Range Required Attackor fpood Advapnbuyg
and Attacker Weapun Rango () (knotn)

Taryut Woeapon Rooponae Tl

3 Min 10 Min
20 240 120
10 120 - 60
L] 60 a0
1 12 6

(2) Cnse T1-2,  The tavgoet npeed i oveater thab Lhe attacker speed,  In
thin caso, tho attacker detects and, nQ befora, the targot cduntor detoctn boe
foro the nttacko‘r reachon Lt wespon range, At this point the targot can tuen
away and opan or maintain ranqge 1n a "Mexican stand-of f" or Lhoe tarqol might
choose to allo the counge to elouwe further (oven holplig 1t) and um_.mqv the
attackor,

Cane 111, The attacker's swveltlance range and weapon 1ange are cach
greater that the target 'n eorrenponding paramet ern, and the taroot nurvelTlanco
range in greater than the attacker's woapon range,  1f the atleecker'n npooed in
alwo greator than the tavget speed, the aacker ilwayn attacke and the target
naver has the opportunity to countorartack, I, lastly, the tarvgoet'n npeed §n
groater than attacker s ppend, the turget will probubily choone to avoid engago-

ment,
In wny of the atewe canou, when one player hae the optlon to ongage the
ather and, by s doing, allow a conntaattack, it will chooae to do ao on the

basls ol factors other than thoae ronaiderad heoetn (o, relal ive wenth of

the two forcen).
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The dotails of the abovy ¢usos arn eontained in flestion VII, Aluc coauid-
arod thoreih in tha more complicatod oaso wherein tho targot is owocortaed,

In summary, attacr and countorattack are functions clowoly relatod to tho
other funotions ntudied. Thore ara many situations where a spead advantage can
influence the outcome of nttacker-countorattack ncanarion, Othor pavamotors
surh ags weaponn and surveillanes systems are equally important, however, and
vnhinlﬁ denign docisions should be made conesldoring the balance and matching

requirod samony spead and the other Important parametors.

11-30




3 [ MANEUVER AND AVOIDANCEH
g,
3 Manouvor {4 & tactic amployed by a naval vehicle which 48 denigned
i to alter favorably the potontial outcome of any offensive or dufansive
; engagemant, In general, moncuvers relate to Lhe other vehlcle Functions
2 addroosod in tho study, Uffnnuléo and dofensive maneuvorn are conniunrndt

Offensive manouvars are thoue tactics which strive to increaso the probability

of nuscansful attack eithor by confiuing the onemy or by achieving a favarable
E launch position; defonsive manouvers attempt to achiovo oncapo by avolding
H '
g attack or roducing thoe of faotivonesn of enomy woapans,
; in the purnuit neetion, the analysio of the cane whorein the pursuer had
i? continuous information onh the pursune's locatlon finda that the pursuae can dao-

gomplish little by mancuver unless he has a apeed advantage. 1 the pursuoe alno

\

§ has information on thoe pursuer's location, he can elthor proparve for atlack \
' \ or atiompt e eacape.  Tha mivenecete waldoedes magdoman Spcod wod weapon capre=
;_ bility determioe the pursuaetn actionts.  When the purnuer han *ntermittent
- informat ton and the purnuee han at leant intermittont fnformeatfon, the purnuee

Yaoarea of

can, eveon with inforfor spood, mancuvor to fncreasc the purian
uncertainty during the period of "blind" pursuit, breaking of f thoe pursuit,
or gaining timn fur ovontual cuscape. O courne, §€ thoe puruucee han a dotoction
rangce on the pursaer greater than the pursuer's weaponn randge and an eogual or

groater apeod, thon thoe purnuee can alwayn avald attack.  ‘the completo noet

of cancr {e dincusned dn Lhe section on counterattack, which alao takos Into

connfderation voapon range.
Tho manecuver of a transltor through an area can be sapecd dependont

In o barrior trannit, wheredn Lthe atea sonnors wre randomly dispoeaned theonghout

the area, the tronnitor can roduce the probabi 1ty of detoect ton slnply by
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(1) taking a mintmum langth pn(h, d, through the arna, nrd (2) chooning a apeed,

Vv, whiah minimizcs a funotion,

Qv)d
v

whoro Q(V) in the datection range: of the area sonsor, innrunninq‘with
inereaning vV,  Thus, it s fmportant to the transitor to know how the nﬂnmy
aroa nanaor depends on his own spond,

Thare i n clabs of cuaven wharein an enomy detoction system deponds on
periodic glimpaos® Lo detect a moving naval vehicle, 1f the system has
a hoar unity probabdlity of dotection por glimpse, the veohicle spoed has
little offoct on whothar he in dotocted or not., I'or example, a natallite
nontor with o large flold of view, high resoiution and unaffoected by cloud
c;veragn might be nuch a snystem, Howuvar, for syotoms with a singlo glimpac
probabil ity of losy than one, the lene time that the vehicle wpotida b Lhu sute
velllance aroa, the amaller hin prohablility of dctectien. Vehicle speed can,
therufore, be oxtromely fmportant tn thin cane (o reduce total expoaure time,

In the nection on attack, the ongagenent wan copafdored completed whon
one of the combatantn Jaunched thae £irst woapon.,  There remadnn to consider
mancuvers o ceduee tho probablility of a succosuful woapon sattack after sn
onamy han Jaunched his weapon, For exauple, {£ the "lod nide” han puperlor

detoction capablility and highar speed than Bluce, but Blue has a geeater

< weapon rahee, Red hes the option to ongage or 1at ongaln, bul ho must econ-

cern himaell with Blue's ability to fire firet. Red must balanco the worth
of his own vehiclo and that of Kluo and the probability of snurvival of

oach pide,  Hadd difforently, Rod must detormine whether hin expoeted teturn
le groator than hin expectod loss,  IL ahould bo owphauized that it (s Rod'ws

nuporior npoeoed and greater dotoct ion range that jrosddes him the ehiodee of
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engaging or "ntﬂ Blue, evon with a suporior waapon vando but infaurior mpoed
eapabllity, hat nho auch option.

Furthormore, with auperior speod, Red might bo abla to dart acrous
Blue's waapon path, getting insido of Dlue'u weuapon's turning cigele (but
outaido of ite weapon's of foct radiun), Theso are somo of tho traditionnl
argumantn for suporiov npood,

CGonorally, avoldanco will roquire elther a graater spood capability
or increatad countor detection capability. If the opponing plalforn La
a nubmarine arvmed with conventional torpedoas, then, dopanding on tho upaad
and angle on the bow (turgat angle), thnltnrqat may bo able to outrun tho
torpodu.

_Ra:mm\ubln projootod speods for torpodoos lio dn the 50-60 knot reglon;
honce, any futuro vohicle with a spaed range of 50-60 or greater should ba
welalidviely drvalnerable to 1.ur1mdu. attack, agasn Idopon'cllng oh the anglo on
the bow at tho time of torpoedo firing and a veasanahle torpedo detocting
nystoem,

1f the opponing platform in eithor o nul'mm‘xinr.- or nurfave ship armed
with long-range misniles, then countor detoection capabi lity bocomes the
dominant factor, and the boneflt of spood s dorivaed from the abllfty to
koup out of woapon range once the attacker han Loen detocted,

In Lhe cane whore the alltackor g a great apeod advantage, auch an
a long-range afreraft armod with alr to swface miosilan, then 1{ttle bimmoflit
can ho derived from altheor spaod or countor detection capabilivy, since
thoe sluwer platform can neither sutmancuver nor avold the attackar,  Undar
thune conditionn the rola of aseorts becomen important, and agaln, tho encort

mubt havo a sapaod rangn on the order of the attacker, as shown in the table

of purnult opeed rogubromonts (Table 11-8),
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Bimply atated, in any ongagement aituation tho bunefit durived from
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; gpeod in a function of th oppasing platform types togoathor with weapon
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H, POLITICAL IMPLICATIONS

There ara political bonofits acoruing Erom grontay spoad capability of
naval vohlelon that rosult from poreeption in tho national and inturnational fera.
Thauoo benefitn are largoly intangible and non=quantitative, but aro novertholens
roal.

Thure are novernl porcaived capabilitios that depond oh speed which anhance
doterruécu a4t lowar levals of violunco, Tho 1988 Laebanan crintn unrvua.un an ap-
propriate osnmple, The United Btaton had made a commitmont to Proaident Chameun
to provide military ausintance, including troops, if asked, The goheral conwan-
sus, before the fuot, held that it would tuRe about throe days to ronder auch
aspistance, Yot, when utkoed, the United Btates respohdod within 24 hours, Tha
rnb!dity dc rouponsae wan due, in part to the forward daployment. panture, but
alno {n part to tho speod capability of tho nhiva and afrovaft dnvolved, Two
additional dayn could have been the difforcnce batwoen a major war braasking out.
and containing the relativoely small incident which had uctrurrr.-rl.. Y

Porcopt {on on the puart of o potential adversary that s 1 eaponse conld bo
rapid, becaunn high=gpeod vahiclon are involved, might be the atfferenco ho=

twoon complote nuaccann in dotorring advorsary action and a situation wherotn the

U8 in embroilod an a result of being fncapablo of rapld moviment of forco. 8Sim-

ilarly, tho auccens of ballintde minnilos in detorrciee dopondn to aomo oxdtent
oh tha spoed ~f weaprn dellvoery.

There du a nohool of thought which hields that, {n some future crinin, tha
first nuparpowor navy on tho neens may ho tho only one.  Thle may come aboul as
a rosult of the olher puperpower roallzing that {t cannet arvive flrn, evalu=
ating tho esealation riuk that occurns with diroet confrontat jon and being doe
torred form procapding. Ono could argue thal thie wan a factor in tho roannt,
U8 doclujon nol Lo mond naval forcon to Angola.
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In any ovonf, timaly arrival has valuo and, consddoring tha US and Soviat
ovarseas baning tronda, UM Navy vehicle npeedn may take on added importanca sime-
ray bocauno of the advorao trond of rolative distanvos to travoel,

fpeed of vehiclon aleo impacts on a not of illugdl agtionn on the high seas
vhioh will probably incxeaso am a rasult of tho roatraints of intornatlonal
rolations sueh «. v P20 mido fiohing rights jurisdiction. The rapidity with
which tha U8 con roact to roported dncurslona will determine the exton! to which
V8 rights under such rolationa {11 be violatod or honorad.

The succoss of future piracy actions of umall natlons or tarroriut groups,
particularly involving the socurity of nucloar waapane, might also dopend on the
spucd capability of naval vohieles, A BO-knot intelligonce platform might have
provanted tha PURLLO ineldent without tha subgsequont embarrassment, without tho
vse of forco, nhd without the necounity to roly on complax command, control and
communieallond AYSuam,

In addition to anhancing doterronen at lowor invnln, there are several intor-
national and natlonal political impacts of npoed of naval vohiclon, primardly
asnocfatad with tha "numbnrs gome,"  Tho nuparpower watchern among the miclor
paworn and Third Nations are persuadoed to one degree or another hy percoptions
of statemontn nuch aw, "tho foviet VICTOR-¢lann nubmarlne Js the world'os fastost,"
One finde sueh statoments in authoritative works, spocches, oto., an ovidonce
that the soviety arn to one degreo or anothor more advanced than in the United
Btaton,  (Tho tputnik coup wan o simllor sltuatlon oulslde the realm of npood.)

Traditionally, the "world's fantest" anything in of some intoront in creat-
ing good publlic relations ("31-knot hucke"), obtatuing public recognition and
sugyout ing, porhaps, more than that which wspoeod in ftuelf fm, Vices,  Thus, one

nation may denire Lo ercate the {11unfon tn tho Antornational forum that beocaune
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it has the fastest planca, {t therofoere has "alr superiority," which may or
may not be true; but the statement ftgelf i enough to muddy the waters, create
doubts nnd otherwisa fuel the firon in US=Third World relationships,
in the national forum, as enn ba obhacrvad in pru-convnntion‘nctivlty
in both Partics, the numbors game is continually boing played, Thus, one
snan many statanentn basod on numborn regarding who {s superior in ailitary,

naval and air power, Speod, a number to which most people can rolate, may

be used ue an argqument for or against a particular side., Tho "World's Pastest
X=-Vehicle" could casily bo pointed to as an accomplishment of an Adiministration
or Congroess; failure to achleve the “World's Yastett Y=-Vohicle" could nlso

be used us a criticiusrm, While possibly unrelated to direct military capability,
the intangible impact of wpeed in such politieal situavions is nonctheluoss
imporiant,

Thara is atill anatlar aroa wherein spoed of naval vehiclos iﬁpﬂctﬂ
in a non-military, political and very real way, reiulting from the actual
wse of speed rather than perception of sowme vaque notion of "the Taster,
the bettor.”

Tha Us almont alwayn goos to the ald of ddsaster victims, part lcularly
when the ares is accesuible from the sca,  Tn very rocent times, for cxample
ald wap provided to carthquoke victimo in Central America and In Ttaly.

Thao U5 Navy has usnally participated fn osuch ofd and ‘ha U4 obtaine intangible
benofils in the minds of 1tn own cftizoeng, thoue aseisted, and uninvolved
observern.  The faster the hulp comes (or seoma bike {1t in c:nm'(.nq, f.e., "a
high apeed naval and merchant force in procecding. ..}, the groater the

impact of those honefits, whatover they may be.
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Lastly, there is the mattor of technology transfor from tho rosearch
and dovolopmont of advanced naval vehicle concopts to tha privato soctor.

Tho benefits of such tranafer is a two-way street. The private gector unually
cannot afford tho roncarch dollars sad, thus, bonofits from tho resultn of
military rewoarch; the Navy might not have the conotituency to support the
advanced concepts into production, which ia provided by, for ;natqnuc,_tho

noeod for such conceptulin the private soctor, In the aocrospace industry,
tochhology transfer of this kind har consntantly ocourred. Soma axamples are

tha firat large jot passenger lincrs (707/3-52) and the wide~bodied alr fleots
(747/¢-6A).  In fact, this could bo ono reason why the B-) without its technology
transfer eivilian cuunturpart (88T) is oxperlencing a great deal of trouble with
delayn and fundiﬁg. Pha military incentive in present, but the private sector
incentive lu wanting.

Siwilarly, an bps fo} puroly military purpo~un may find qreatur'difficulcy
in oblaining Congreaasional support npd approvel without concurrent support of the
appropriatve private sector, n.g., US Merchant Marine,

In summary, there are soveral intangtible henefits to bo derlved from speed
which one findy difficult to demonstrate conclunivaly, but which. are worth

mant toning .and providing case historins,
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IRCTION ITI. TRANSIT CPERATIONS

A, INTRODUCTION
This soction inveatigates tho utility of apoad in trannit operations.
(A lator mection will treat the specific problem of spocd in convoy operas
tions, a apecinl cama of tranait.,) S8peod affocts transit in throe ways. l
The firot way strongly alfocts force lavels by changing the wnount
of noh~produdtivu time spant in gotting to and from an assigned station,
In this application, it ip aspumed that the miraion of a vohicle {s to
transit from u buse to a station some distanco from bane and parform
gome task ruch as barrlor, mearch, data ¢illeotion, wto. over soma pariod
of time ofter which-tha vohivula returns to its base, which need not bo the
bape of origin., Thus, the total time in a cycle 48 the two way transit time
3

plnr the tima mnent A atabian A alurn uahista wi)l aonorsily be capable

of a npoeific maximum anduranco, sot by staren, fuel, peramennol, maintenance

raquirementy or other limiting factorn, For a given total oendurance, the loss

time openl in transit, tho moroe time can ba spent on station and, therafore,
tha more utilization that eon be realized from each vehicle.  Thuw, greator
ppead of trannit can provide higher vehicle utilization rates and thorofore
lower forco levels for a glven total fank,

The nocond investlgatlon of the offect of gpeed on transit deals with
the economic coutn of Lranoportation and Lwpacts less on the striclly naval
problom.  Thin effoct doen, however, relate to advancod vehlclog of all
typets,  The principal tradeoft to bo connidorud is veonomic and 1is rolated
to tho fact that there arce contu astociated with transportation which depend

solely on and incrcase with time.  Thewse costu arer (1) the time dependent
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conts acsocliated with oparating the vohicle, and (2) the "Lntu£nut“ cost
associatod wigh the investmant in the ¢arge. Theso time depondont costus
increase with time and tharafore are roducoed by highor transit epeedn.
llowaver, higher tranwit spaeds alpo operatu to inorease costs bocause of
propulnion and unergy conalderations. The more valuable the a;rqo, tha
higher the time dopondont cost faotors and therofore the greator the ine
contive for higher spood. One axpacts, thereforo, to find -1ifferunt optie-
mum wpeeds corresponding to cargos of differont value. IFrom experienca,
voal, with a relativaly low value par ton, is tranoportoud at rolatively low
spacdn while military carge, at a highor value per ton is transported at
highrr mpeeds and high value matarials suech an jowalry and precious matuls
are transportod at still higher mpecds,

‘ The third treatment of transit speed deals with the problem of a
sustained logistic support operation in which & stoady demand at tho end
polnt requires a "pipoline” of goods from thu ;upply point, Tha roquired
number of platforma, of a glven typn, to £ill thiu sustainnd demand iw
datermined by tho upuod~capucity product of the platform and its load-

unloud rate,
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B, TRANSIT TO STATION

.
. Analysio of tho transit to station case makas use of thoridoa of "bane

loas factor," first introducad by ona of the authors of thim report in 1963

;£d usad in the OINAV Mid=Range Gbjectiven publication (MRO-70) published

in 1968, ' Tha buaae iouu factor (DLF) s an "ovorhead" and gonerally definod as the

numboer of vehicles nocassary in the forca lavel to malntain ong fully utiliged

in some tawsk. The gonoral base lops faclor takes into connidorntion_timu

in shipyard overhau), reliability, transit time, training tima, and maintenance

time, The derivation of the general BLP formula is glven in the Appondix

(Bact. A). For tho purpose of this analysin, only tho overhead aasouistod with

going to And from station is conaidered, 1In this case, thoe bave losu factoer

raducon to:

E A
L' n - - e PO S, .
£ T A -1

whoro TF » ondurance time of the platform

“ Tpp + Tgy

TTt w twa way transit time

Tst w oh ntation time

T T
TTr p
Vr: w tranuit mpood

D = two way trannit dimtanco




T ——

h mm et mam e e e o T e e o

U VU U

£y 5

SRl FRETIN

]

58

W 2 R AT

s
i

R cf

Pigure II1-1

Number of Out-of-Overhaul Platforms Required to Koop Onn On fitation (BLF)
As Munotion of Sponed, Endurance, and 'l'zannit Diastance

base Loan Factor ¢
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Figure 111-1
[ ]
Numbor of CGut-of-Overhaul Platforms Kequired to Reop

Dne On Statian (BLF) As a Function of Spoed,
Bnduranca, and Tranait bistance

NEpORe !

9

The purpone of this graph i{a to dimplay tho relationship of Haso lLoss Fac-

tor (BLF) to tranmit speod, endurince time, and two way transzit distance.

Basiw for Ca'culations

“his im a plot of egquation A-S.

Tha noh-dimensional parameter A in éhe ratio of the (transit speed).(andupe

ance tive) product to tha two way transit diwstance.

Principal Points

1, For a giver vehicle endurance, TE‘ and dintance to ztation, D, A
in aimply a measure of spead. Tho BLF falls off vory rapidly betweon valuos
of A of 1 and 2,

2. Tho curve showo greatly diminishing marginal roturn (in reduclng
HLF) for values of A beyond 3, :

3. Hhoealling that tﬁn BLE in the number of vohicles in inventory

(after accounting for overhaul, training maintenance and reliability) requlred

to keop one on statjon, thare inw high payofl in reducing BLF., Bocause an
inaroapa in 2 {{,e.,. napeod for u given 'I‘F ond M beyon! curront valuoea could
ba contly, tha cont of producing much reductions musb bo conoidered.

4. ‘Tho offoct of changen in A through variation of ’l'F and D are dincunnod

subwieguent ty.
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Figure 111-2

Endurance Timo Varous Trannit Speed For
various Constant Rane loss Factoru (BLF)

: Endurance (Houra) .
1000 \\\ fwo Way Tranait Distanco
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joo I*
}; )
10 =
|
i
W 1 1
1 10 100 1000

Hpoed (Knal )




el ey

L]
rigure XII-2

i Endurance Time Voraus Transit 8poed for Varioun Constant bL¥'s

¥ For a Given wo-way Distance to Btation
: j Purpodot To show the combinations of two principal vohicle design
; ﬁ paramators, ondurance time, and trannit spoed for a conmtant two-way
| e
P 3 distance to station (3000 nm) for various BLPa.
H L3
b LN

:“\?‘;!
g ¥ Basin for the Calculabion: A two-way distance to astation of 3000 nm
’ 1.

might ha tho round-trip distance to a mid-Atlantic operating area from

an sant goast oporating base. Othor typlceal minolon distances aroe.

|
i Mipeion Nomlnal
i Aroas Dintanco
‘ : Conntal 1000
, ! Mid-Atlantic 3000
! i Mrana=Atinntic 6000
B ! Prans-Pacific (Hawaidl) 7000
Trans=-Pacific {Wost Coast.) JLoO

Principal Pointss

1. ‘tho following table illustrates tho nnﬂurunuun that would boe rcquirud for
varioun DBLF's and transit npeeds.
i Enduranca Regquiroed
? . IR0V N 3000 1
: Transit. fpood LI Twa Way Two Way
Platance Uiatanee
* 10 = 20 knotw 1o b H=Gu 2% days| 37,5 L0 70 day s
g 30 - 150 knotn 1.5 4.2 -~ A daya 12,5 - 2,5 dayn
; 200 knotu LS 1Y hours 4% hourn
: % 500 kneta 1.% 6 hours 1t hours
i % . 10 « 20 knotn 6.0 5 - 2,05days] 14 = 7.5 dayn
i t 30 - 1% knota 6.0 1.7 = .3 dayn L -~ 1 daya
i 200 knots 6.0 6 houry 18 hours
§ K00 knots 6.0 2.4 hours 7.2 hourn
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2, 8imilagly conutructed graphs oan serva as numograms for miwsnion tranmsit

dintance and roquired combinationu of forve loveln and spoed-andurance products,
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Cs  TRANSIT PO DENTINATION
The cost of transportation ls analyred for a single platform trannit
from a point of origin to a dentination. loading and unloading ratos at
the and points are not conaidured in the single trannit cave, but will ba
troated in the next section on mustained logistic wsuppert operutioha. the
cost for a singlo transit dopends oni
1. Coat of the goods being trannportoed aince the dollar valuo of tha
gocdn could alternately bo invosted at some rato of interont during
the time of transit,
2. Mne dapondont vostn ausociated with oporating the platform

3, Spead dopondont gont relatod to energy tonsumption,

Tha value of the cargo at the orlgin is the numbher of tons of cargo timen
tha valua poar ton of eargoe, Tha valua por ton of cargo can ba sxprusnod
a8 the Jullae valuu uf Ll varyo ur welyhted doliar value whon tho carge
han a worth hoyond tho markot valua. The cargo value could bo nlternately
invested during the timo of tranaportation from tho origin to tho destination.
Tha portion of the total trannportation cont whiqh i annigned to the cargo
ftsolf 18 tha cargo value timen the invostmoent rate Limes the transit tima.
This framework can be c;nnuptually appliod to military opeorations, In
thims cano, vargo valun would rofloct military utility rathor than cout or
avtual dollar valun, Tho intorost rate, 1, would bo a meanura of urgeney
or critical nature of the delivory. Quunttficntién would involve mubjoctive
Judemontn concorning the actual military worth of the cargo (am opposed to
plnple dollar costr) and the timo dopeudoney of thin military worth in a
dynamic confliot or crisis situation,

The trannportation costs duo to the particular platform used aro dividad
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into thWe platform oparating coats (upved indopondont) and the ohargy consumption
canta (speed dapandont)., The piutform npcrnting_coutn inoludo depraciation

of tho platform and oquipment, personnal gosts, maintonanca, port fean,

overhaul and spocial coets dus to the partiocular exercise., ‘Those oparvating
costa aan ha added togoather and d%videﬁ by tho produat of tho lifetime operating
hours of the platform and itm cargo capaclty to obtain an average platform
operating cont per ton hour.* Thaso copts woro assumed to ba indepandant

of upeéd for thin study., Bome of thoaa comts would hocoome ﬁpuoﬂ dupandnnt
iflhhu platform utiligation varied boce isa of changea in speed.

The spued dopondent vountm wara identifiod as boing chiefly raelated to
enargy consumption. Enexgy consumption is u funetion of tho propululon mystom
and the mode of trnnépo:h. .

' Tha total cost of transportation i# compomed of the opportunity couts
plus the various transportation cests. Tha transportation cost por ton mile

ds given by the oxprasniont

Trannportation Cont 1
Tun Milo v

N O I ,.a
lLJ_n cnl I RY
wharo!
C w cont of guodn (dollarn/ton)
I » finvostmont rata (%/hour)

Cl w» oppourtunity conts (dollarn/ton hour)

CU = oporating cont (dnllarun/ton hour)

Rufozuncan for opuorating cost data include The ULILILY of High Darformaneg
Watorcraft for fSolectod Minsionn of the Unlltd Htaten (unul ou)lqg(L, Pro-
Joot 721830, Conter for Naval Analymos, Navewhor 1972,
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kX = proportionality conotant rolating spoed to fuol consumption

V = apoed of transit (knotm)

a = proportionality constant rolating fuol conmumption to mode of transport
w 2 for aroa lift vehiolos
= 3 for volume life (displacomaent) vehloles

kv onergy conounption oont/ton mile

limplifylng nhaumphions will bu mado about tho sum €1 +'c°.‘ 1t co‘iu
1 uﬁit of cout por ton hour, tho quustion arisen mu tm how high the cost
of the goodu, C, ocun bo Lofore wa nood to conmidar tho opportunity costs,
An urbitrary, but roasonable, ansumption might be to dieregard CI unlass

it wore at leunst 108 of Co! that im,

o
<]
or ninen

c =1 .

2
€3

Iat un pupposo that 1208 per annum (w2,3 % !0-5 por hour); thon the product

of € timoy I ko disrogarded unless © in on tho ordor of 4400 co Aollarn
por ton. Thosa uimplifying aumumptirnn are made in Pigures I1T-3 and 4 which

indicate the basie dependonou of tranaportation vest on vohlele apeod and tho

exfptonce of rptimun spoeds,  Plgures T11-5, 6 .nd 7 incorporate the €Y product

and indicato optimum spood and carge valuo vombinations for the indicatud oparat-

ing conts.

Tablo 11I-1 Indlcates currunt (Novenber, 1974) carge values of solected,

oritica) raw matoriale,
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. Transportation Cont Versua Bpood
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Figqure TIT-3

Transportation cost vorsus apnod of transit as a function of opurating

cost, and fixed ‘fuel conpumption proportional to the square of the transit

specd,

Purpose! .
Thiw graph showa the relationship botwoen transportation coet and spead

of transit for a single area lift platform making one transit.

Basip for the Calculation:

This graph is an approximate plot of FEquation A~10 assuming the I product
in small onough to be ignored. A fuel consumption proporticnal to the squarc of
the tyernsit spcecod was ansumed, This rolntiounhip in valid in the apeed rango
of this graph, which might typically display the transportation costus for flying
plutférms.

The solocted oparatinag costs (Cs) yonrastonl the vartonn madaa af tvananmapt,
For example: A coa. of $100/ton-hour may corruépend to a medium slze propeller

aircraft and 5250/ton-hour may corrcapond to a larga jjot aireraft.

Principal Pointg

1. Por u glven operating cost, there is an optimum speed of transit which
minimizos the transportatior coat,

2. Tho optimum speed of transit and the eavresponding minimum transporta-
tinn cont hucrcases with increaslng operating cont,

3, Bome wpeaifie examplen arer A transit spoced of 366 knols is optimum
for an opurating cust of $100/ton-hour. ‘The minimum tranuportation cost which
occurs at this speed is 50.403/ton mila.  For an operating coat of $2450/ton-hour
the outinun npeod of trangit 1s 500 Knots and the minimum transporiation cont in

80.7%/Lon-mile.
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' . riguro III-4

Tranpportation Cost Vorsus Spood
(Displacoment Vohic)aen)

fransportation Cont (Dollars/Ton Mila)

a o« 3
k » 1070
I4 ur
3 B
' €, ™ Operating Couty
.2 HP {hollark/Ton hour)
= 10
R 1
0 A !

50 _ 100 1h0

Bpoad (Knotn)
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Figuro III-4

Tranaportation Cout Vorsus Spoed (Displacoment Vehicloen)

Purpouat

This graph shows thoe relationship betwaen tranaportation cost and npeed of
transit for a single displacement platform (a=3) making ona tranalt,

Dasis for the Calculdtion:

The basis of this graph 1o similar to Figure 1II-3, excopt that in this
graph a ffuel consunption proportional to the ouba of the transit spoed is
assumad., This relationship might typloally displqy the tranasportation coats
aprociated with volume lift (displacemant) platforms.

The nelected oporating coots arc representative of various axisting moden
of transport. For oxamplo: a cost of §0,1/ton-hour may correspond to a large
cargo ghtp and $10/ton-hour may correspond to a pmaller high mpeed. murfaca plat=

form.

Prineipal lolntu:

1. For a glven opoerating cont, thrre in an optimum apoecd which minimizes

tho trannportation cost,

2, ‘Tho optimum spnod of transil increanes with operating cost and has a

corrosponding incroase {n tranuportation eont.

1, Bome mpecific oxamploy are:

For an operating cost of $0.1/ton-hour the optimum apeod of transit
is 44 knots and tho minimum transportation cost is §.002/ton=-milo.
For an opuratlng cont of §10/ton-liour tho optimum speed of tranait

1g 164 knots and the minimum transportation cost s §.104/Lon-mile.

ITX=15




}

| e AR T o RS

Figure I11-5

Cargo Valua Vornun Optimum Spoad

(Modorato 8peed, Bisplacoment Vehioloes)
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Figure 111~5
Cargo. Value Vorsus Optimum 8poed
(Moderato 8peed, himplacemant Vehiclew)

Purpono:
Thin graph showns tha rolationship botwoen low to medium value cargo and
the optimum spoed of transperting the goode for roprementative oporating costs

of moderate apeod displacement vehiclen (awl),

Bapip for tha Caluulation:

The transportation cvost oquation (Bquation A-10) wam differontiated with
rospoot to spued to datermine tho optimum speed of tranait,
In this graph a fuel consumption proportional to tho cube of the transit

spoed was assumed. This relatlonship is compatible with volume 1lift (displaco-

mant) platformo. |
Oporating costs of $,001 to §,1/ton-hour were choson, and might typically
ropresent surface tranuport ranging from low apnod tug-in-tow to convantional
cargo shipn.
A fixed investment rato of 20v/yoar, which is equal to 2.3 X 10-5\/hour.
was chosan.
Principal Pointn:
1. Yor low opurating costs (§,001/ton-hour) the optimum spoed of transit
shows definite senmitivity to carge value,
2, For typleal operating costs of convaentional cargo shipo, the optimum
upoed of transit lu relatively dneonnitive to cargo values ovar the indicated
rango.
111~17
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§ : 3, This graph illustraten that tho optimum speed of transit is diroctly
. ! .
‘[ rolatnd to cargoe value in cortain woll-dafined reglons,, {.,s., vargo values in
_ , the low to modium xango influence tho optimum spaed of platforms with vory low
!-‘ . oporating cost. .
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Figure I1Xx-6 .

: Cargo Valuo Voraun Optimum 8pood
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Figuro I11I-6

Cargo Valuo Vorsus Optimum Spead for Varioum Operating Coote (Pisplaco-

mant Vohicles).

Purposa: )

Thia graph ghows (for displacument vehicles) tho relationship batwaen cargo

values and the optimum npoed of transportlng the goods.

Buplsn for tha Caleulation:

The figura in a plot of Egquation A-11 for diaplacoment. velilelen for a range

of valuca of co.

Thik tranmportation cont equation was difforontiatod with ruepeoet to spoed

to datormina the optimum speed of transit,

In thir yvaph :© fuol consumption proportional to tho cubs of tho trannit

spacd was asnumad (a = 3)., This relationshlp is compatible with dinplacemont

({.0., volumo 1ift) vehiclon,

A fixod invostment rate of 20%/yuar was chonen,

Thin is oqual to 2,3 X
10"5v/hour.

Principal Pointu

1. Optimum transit upeed i sensitlve to dlscerolo combinations ol fixod
oparating costs and cargo valuen. Projected npood capabilition and oporating
vontn of vohicles . 'tontify proferred transit missionn (in terms of cargo valuon)
for nuch vnﬁlu]nn.

2. A Mimdting spoxl of about 50 knots for digplacoment whips ond typieal
operating costs of $0.1/ton-hour, mike thom appropriate for cargo valuen up to the
$1,000-3,000/ton rungo.
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3, If lighter than nir'(LTA) vohicles oan achiove cn“ of about $1.0 to
#10/ton hour and mppeods up to ahout 150 knots, thoy may bo appropriate for

cargo valucs up te about $100,000/ton.
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I i Figure IT1~}
B ;
! . Cargo Valua Varsun Optimum fpood
: i ' for Various Oporating Costs (Arva Lift vehiclow)
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Figure 1117
Cargo valun Vorpup Optimum Bpacd for Various Oporating Coats (Area Lift

Vehiclen) .

Purposa; |
Thie graph shows for arsa lift vehicles {4=2) tho relationship botwaen cargo

valuos and the optimum apood of transporting the gueda.

Basin for the Caluulation

The figure is a plot of Bguation A-11 for the indicatod valuos of co' The

ocurvas are drawn for arna lift vohiclen (¢« 2 and k » 10“6).

.

Principa) Points) _ &

1. An overluy of Figures IIT«8 and YII=7 indicates a clome matech at a

co of a{/ton hour and npededa of.nhouﬁ 75-100 knots, o ' 1

2, M cargo valuen ahove about $100,000, arva 1ift vehicles ure proferable

{optimwn ppecds excoed 100 khotn for all opurating constu).
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D, BUSTAINED TOGTIOTIC BUPPORT

The sustained logistico support problom in bnuicully'a pipeline of goodn
linking a supply point and a demdnd point, wharain a lazge amount nf the matarial
baing trhnaported is on routa. Thie analysin deals nolely with the number of
platformu in the pipelino and at the and paints, 'Trnnapnrtntioﬁ to and from tha
ena pointn.lu not nontidaerod.

The number of platforms required to £i11 the pipeline iu givan byithu

v

oxproanion e
2(o,%
ho e(v*r)
whera,

t m time interval batween platforme (hourd) '
D~ ono-wiy transit dimstance (nm) -
Vv spiad of Leanoit {ran/hiour )

Qp" pavlond capwu{éy of tho platform (ton.)

r = loud-unload rate (tnnu/hnpr) R

Tha demand rate al. the ond point do contained in t by the following rolation

e 19
Q
whaoro,
T w total time of the ojoration
Q = total swount of yoods rdquir@d

Qp w payload capaoity of cach platform

111-35
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The numbar of platforms roquired to £111 a epeeific pipolino domand iu soan
to be detormined by tho payload aapacity, the load=unleoad rata, and tha apoed of
the vehioln, whore tha numbor of platformm is a4 oritical econnideration, incroaned
apoed ocan bo important in roeducing requiremants, partloularly fo; pipolinus ovor
long distances. .

Thoro are othor factors whioh can influonce the affactivonoss of tran#it
epacd, Tho valuo of momo types of parishable goors may drop off nhuiply aftor woma
oritical handling and transis time, Alp transit, systoma van delivar dixnetly to
inland locations and avoid tha additional handling and tranait costs of nea wurfaco
transit,

The choica of the moda of trunsit of goods miy be influenced by many factorn,
Boma of tho moxe cbviouw are: '

¢ ‘The value of the goods boing trnnsbortod.

¢ Lobth Of aalayw, anmayu or luss ln Lranalt,

0‘ Critiocal time fnctorn‘fnr aortain goods under cortain olreumatancon
{puch as food, modical supplion, dlactronlown nquipmnnt):

® Canen where only onn farm of dolivery in avatloble (e.q., Borlin Ay LICG),

The above may apply to tho "ad hoe® translt Lo hentination Problem an well
ap to the Sustained logiutics (Plpeling) Problom,

From tho point of viow of tha ¢ffuctivanenn of vohicle npeod in a pipaling,
tha principal variable of intorast 1w the nunbor of platformn roquired to nustain

a givan rato of dolivery, Tabile 1T1-2 provides a bania for tho followlng figuron

which addrows this problom, ' .

111~26
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. Table III~2, Numbor of Platforms Required to Fill a Pipuline for
. i . Fixed Twc-Way Transit Distance of 6,000 nm
and Unloading Rate of 60 Tonn/Hour

{ ) = Conceptual or Planned

. .

Rominal 8peod Range Typa Bpead Payload Numboyr Roquired

e e - — NN

' (knots) {knats) {tona)
15-33 cargo ohip 20 4,000 . . la
. . pDisplacemont 8hips - cargo ship a3 20,000 ' 5
o Lo 35-60 PGH 40 18 1,148
- : Hydrofoll
L : _
) . 60-100 (8ES) (50) (1,300) 14
§ £ 8ES {ACY) (50) (700) 23
i : Acv ACvV 50 20 . 689
‘1' i Adlrship 67 60 174
| (acv) (o) . (70) 144
; : (Alrship) (70) (110) 23
f ' 300-200 ) (195) (150} |
' : wiG (W16) {200) (65) 5G
. . . LTA (W1G)  (200) (870} . ]
200-600 (Wre) (21%) (220) 18
. mixed Wing Areraft (WIG) (230) (320) 13
€130 300 23 103
CsA 500 70 . 23

e
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Fraction
A

Fraction of Platforms

Figure ITI~l

of Platforms Rogqulred Whon Comparod to the Base Cusa to Fill

Pipeline for various Vulosity-Capaclly Relationshipu

Roequirod

1!0

D w 3,000 nm,

\
Normalizod ta 60 SHE

Hour

VQp w 35,000 ton milos/hr.

VQp = 400,000 fon miles/

A i L L

100 200 300 400 500

Louding/Unloading Rate
ﬁbns/WﬂnW

111-28




s et L e gt g e

b e At e

e e =T

Flguro 1I1-8

Purpose
This graph shows the effost of unloading/loading rates on the fraction of

platforms raquirod (compared to the base case) to f£ill a plpaline for a given

veloolty-capaolty product..

Basis of Caloulations

—————

For any loading/unloading rate, (r), the number of platforms (1) requirad

to £il1 the pipeline is proportional to:
L

vop

2] foud

{toxt, pago III-25)

where, D= léngth of the pipealine (nm)
V¥ 2 valogity of a platform (knuis)
Qp = paylond cnﬁncity~of a platform (tuns)
Balacting a nominal valua of r (in thins casec » 60 tons/hr, which is about
the rate for a C-5A aircraft) and normalizing n to a value of onao for this rate,

the relativo numbor of platforms required for any rate r im

- ¢
vep  x
L R §
vQp 60

Tha figure plote this ratio (fraction of platforms required) for values of
¢ from 60 to 500 tons/hr. Curves aro plotted for two platford spoed capacity
productst

e 35,000 ton milas/hr, which 18 typical of the €-5a (70 tuns of carge

at 500 knots)

111-29




e 400,000 ton miles/hr, whivh approximatos a otandard merchant ship

S ——

: . {20,000 tons of cargo at 20 knots)
j
; Brincipal points . .
. 1. Tho xelative number of platforms for a fixed voloeity=-cargu capacity

produat decreasas as tha unloading/loading ratae incroasos,
. 2, qu aach velocity-cargo capacity product,Iincrnnainq.tho-loadlnq/un-
loading rate produces diminishing raturns in redusing the requirod number of

platforms.
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E. BUMMARY AND CCNCLUSIONS
Tho utility of spocd in transit was investigated for throe casos,

® Transit to station (bawo losx factor)
® Transit to doptination

® Bustainad logistics support _ L .

The analyels of transit to station made use of the buse loss factor,
which is gonerally defined as thc number of platformn nacessary to maintain
one on station. fTha principal pnramoto?a in this cave are: tha two~way

transit diatanoe to station, trannit speed, and the total endurance tima.

It should ba noted that ﬁhin analyoin focubod on the impact of spead
on the tranast to and from atutlon. The gancral base losn factor concapt
can bae xeadily axtondad éo include other paramc*tors such am the impdct of speed
on time on station, malntenanco tim?, training time, and time to overhaul.
The principal points in tho transit Lo smtation are:
e Incroaning sapend of transit can reduce tha bose lous factor (BLY).
Bharply diminishing roturns set in at BLFa bolow about 1.5,
e ''he important consideration is the effoct af increcasing tranwit
wpaad (V) the total endurance timo (1), Thus, the VI' product im
the important measuro,
The investigation of thoe transit to destination (economics of transportation)
illuminates the utllity of mpeed through tho ansociatad value of timo in tranait.
The time depundenl factorn arot  the hourly oparating costy of tha platform and

the duventory valun of tho goods while in transit., Thoro time depondent costs

111-3}




increase with tima and, henca, are reduced by highor trannit spowds, However,
higher tranait spoods incroane costs due to propulsion and enorgy conaidorations.
The fundamental trade-off, thon, is balween the time dependent costs and the

onergy costn. - .

The principal points in the ;aonomlcn of traneportation ara:

e An optimum vehicle for traneporting carge of a given value can be da-
finad by a combination of tho time dependent coatws of obntntinb the
vghiclc {por ton of cargo capacity) and the vohicle npond. |

e In jgonural, for a given time dependent operating cost, the optimum
transit spood {8 insonsitive to cargo value up to a critieal valua,
Above thls value, optimum transit apeud iﬁoraaueu wonotonieally with
cargo value. Those critical cargo values incroase with incroasing
time depondent operating costs,

e Tranult of military cargo anvolvas milicary worth which can far exe
cend nimple dollar valuen and which may ba highly timo‘depondnnt.

Thue analysis provides a basic framework but subjective judgments
ara nocossary.

The third case of tho vlility of apeed in transit invostigated o sustained
logisticen support operation. This operation was considorod an a pipeling of
goodn, whorcein a largoe amount nf the matorial boing trannportod {s on route,

In thlu wvase, the prineipal moarure of offeoativenesn {o the number of platforina
raguirad and tho eritical parametors arvy  Lhe transit spood, tho payload capac-
ity of the platform, and the load-unload rates,

The principal point In the sustained logiutien nupport oparation in that:

e Tha numbur of platforma required to suntain the operation {1s strongly

dopondent on the upeed-payload produet of a plottorm and the leading/

11132
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unloading rater., For cach apeed=-pnyload product, tho roquired numbar
of platformn ie reduged by fncraaning the londing/unloading rate. How- "

avor, there are ratas bayond which, diminishing roturns arze evident,

For e#ampln, for a mpmad payload product of 18,000, the numbar of plat-
forms rnﬁuirnd at an unlonding rate of 200 tono/hour is 13V loss than N
at the nominal GO tons/hour, At highor ratos there is na further ap-
préolnblo gain, ror a spoud payleoad product of 400,000 the number of
ﬁlatto:ﬁa required is 60% fower at a rate of 400 tons/hour and eontinuce

to show nlight gainm at evon higher rdtes,
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SECTION 1V. CONVOY OVLHRALIONS

A.  INTRODUCTION i

The purposo of this chapter is to determine tho felntionship.batwuen
the more important variables in éonvoy cporations and the ratios of apecds
of the various forcan which arc dinvelved in convoy oporations., "o feous
on tha bpoed of forcas inQolvod. foma pimplificationn have boen madm which
will po describoed where applicable.

Btudics ovar the last ten to fiftean years which have examined the
problem of convoy oporationn have qenernfly limftod the convoy units to
presunt and near term ship propulmion technology aﬁch that only small rangos
of vagiationn in ppeoadn of convoy ships have been conasidered., This has also
gonarally resultod in cwsontially fixed relationships amony convey speeds, ate
Lavhur spueds and atbacker woupon ppeeds. 'I'huaf the ntudios nave been character-
ired by complax compdlar simulations to detarmine, usually ovar an entire
campalgn of sovaral monthe, the offects of varying othor paramsters, such as
numbor and spacing of ships in the convoy, numb?r of attackers, kinds of
weapons and sonnors, cte. In the studies roviowed (n.g., SEAMIX T and II)
tho attacker (the enomy) was charactorizod by n submarine armed with torpadaes,
In those mtudies it hao beon assumod that tho use of mineiles im not warranted
against convoy shipn, Thné, all of the partinent spood variables have been
confined to very small rangos of variation and the utility of higher speeds
ig not roadily discornible., Thesa assumptions will have to be changod in

future largo scalo examinations of convoy apevations,
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This chaptex draws on tho morae basie classnic analyais of the convoy opsr-
ations problom., We tvonsidor sonvoy ships, ascortn and attackors. Tha attackers
are generally thought of an ohemy uubmarines and, thorofora, ona may think in
torme of a maximum of a few tonps of knoto with rospaut to attackef speods. The
m-thodclogy{ however, 1nlqenera1 enough to oxtond to attackars which are ¢namy
advanced naval vehicles. ‘Ration of convoy ahip spoed to ntt;cknr apecd of 0 to

5 are connidercd and "miczo-tactics" hroe not considored, IFor exanmple, tha anas

lysip only keeps track of the convey "centor"; distances, timos and track
-L angles are moasured from thism point rathexr than, for axample, the cohvoy shipm
‘ﬁ nearcet the attacker.
4 The obimotive of tho anemy attackar in overy cace of the analysls ls to
- dotect, approach, attack and sink convoy ships (i,e., the convoy centor)., ‘The
primary paramoters aspociated with tha attackur are the dotection range, the
! . approach speed, and the weapon ppucd and weapon range. ‘Tho actual kKill by the
attacker, which deponds on overall woapon effectivennnu, 48 not relevant to tho
focuy of the study, .

The principal parametm of the convoy is its wpaad, The npoed is used to

reduco threat arcsn and throat arean, The optlon of rarouting and cvanion iu
implieit for some combinations of convoy upeods and olher koay parametorn. This
in indicated, but not quantitatively treatod.  The convoy ppoed rango at which
independoent r~ailing becomon an alternative io emalitatively troatod in tho [inal
subsaction (aftor the noconsary inventigationw of {nteractionn among convoy

. spevd, orcort mpeod, and attacker apeoed)., ’

The objective of tho oscort dn protecting tho convay in dotoction and counter-

attack of the attacker at a range nuflicicnt to prosocute as attack against
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the attacker before he oan offectively launch his woapons. The prineipal
aBoOYt paramsters ooﬁaidornd in the analysis ara spoed, sprint wpeod and ralative
force lovels an a funotion of convoy mpeads and attacker speeds, and other
attackaer capabilities (waapon speed and woupon rangs), )

Past studies have ofton concluded that a convéy which could travel at

about 15 knoto above the maximum Epeed of an enamy mubmarine would he relatively

invuilinarable to attack by submarinos. This conclusion is a4 diraot result of

the fact that the spesd of the nubmarine woapon (torpodo) hae boen of the
same ordar an the (fast) convoy vpaed, and the faet that the datection ranye
of tha convoy by the asubmarine is of tha sama order.as ;ho maximum torpedo
run. Tho highor npavd of missiles, partlularly whop uuad_in connaation with
external datn from airvorafi, satellite or other iﬁrvaillnnnuﬂ renders this
conclusion invalld.

Mha anntysin Af Fhia shaprar Asala with thege {ntarantfnne

@ ' Attackor againet cenvoy ship

® Escort against nn attackor.

® kEscort apeed (aprint and drift) requiremcnts generoted by high convoy

spends

Theso results are then colloctud for brief discuspions of ‘the influonce

of the various spood ratics on how one might employ high spoed escort type

shipn and on the quastion of convoys vernus indapuandont sailirgs, The appropriate

gguations and derivations are eollocted in the Appondix (Boct. B), but are not
naoded to undorsitand tho ruoults of tho analynin, which are displayed in ygraphical

form,
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B, CONVOY BPLED . \
The concapt of oparations envibages a convoy néoarinq n stuady courpe at a

constant spoed and tha analywis bogins with datection of the conveoy (i.4., tha

oconvey center) by tho onomy attacker. Convoy apoud #u troatad 1ﬁ two ganaral

catagories: oonvoy spued groater than attacker -.pead and cohvoy spuad logs thnn

attacker mpocd,

Case I. Convoy Spuod Greator-Lhan Attasker Spoed

VWe define an aroca 6! threat to the convoy (convoy threat arca) au that ine
stantaneous arca from which an nétnckor with tho requisita combination of datec~
tion »ange, attacker upead, woapon npaed'and woapon range can detaot and subpe-
quently attack the center of tha convoy. Using this aroa of threat as tha signi-
figant parameter énoilltatan tha wubmaguent developmont of othoer measuraes (such
an screen langth, number of ascorts raquired) as n funotion of the ralative specds
raquired.’ l '

For a givan range at which the attacker can detect the convoy, tha maximum
sirze and tho shape of thin area will vary with tha resltionahips among tho
achievable valuon of the various paramatora, 7This is {llustrated in Yiguro IV~1
for tho threo subcases indicated, 1In all canes the convoy procecds at its bost
speed (to minimize Lhe ponaiblo throat area) and tha boundariow of the aroas rope
resont tho rosultant maximum limits of thae throat area which tho atracker can
gonorato with hin maximam speed, wuapon spaod, aud woapoen rango tombined with

optimal approach tactics.

In case Ya it is assumod that the maxlmun wpeod of the attacker's weapen ia
oqual to hiy maximum spood (alternativaly, tha waapon has zore range and the at-
tackor must Intarwoct the convoy vantar). Thus, tho only important parumotorn
avo the vonvoy spood <vc) to attackor speed (Vn) ratio and thoe "track onglo" of

the convoy. That i8, tho angle measured botwoan tho projootod gourse of tho
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Plgura Iv-1

Mroa of Threat to a Convoy for a Given
Attackor Detoction Ranhge as a Funotion of the
Convoy/Attackar Spoad Ratio, tho Convoy/Attackar
Weapon Bpeed Ratlo, and tha Attacker Woapon HRange

smel YoV,

Cane ta

V, =V (or N, = 0)
W. A Wa
vV, »V_3>»V
Wn [ A
Whaoro! n" » Dotection Range of Attackor VA # gpood of Attacker
/] .
'\v = Woapon lango Ml Attacker Vw » Bposd of Attackor's Woapon
a N a
vc » Bpeed of Convoy *
Iv-8
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convoy and the relative bearing of the attacker frxom the convoy center (this
angla is sometimas callod "targei angle" or "anglo=on-tho-bow" and is measured
w to 180° right or laft of tho tonvey's projucted course), In tha figura,
the specific angle 8 indicvates (for a given vc/vA ratio) tho maximum valuo of
this anglo which can result in an intorcept. The line which 1nha;seuts the
projectod céurno of the gonvoy at tho convoy conter to form the anglae @ s
the limiting line of approach of the attacker for an intercept., Thus,; the hroa
is eomplataly dohurminéd by 3pucifyinq an Rb and eithor a VCNA ratio or the
resultant angle, @ » sint (Gﬂ)‘_, ¢

The resultant Convoy Thn:ut Area is plotted in Pigure 1v-2 ay a function of
Vc/vA ratiop of 1 to 5. '

The area {¥ normalisved to a circular threat area whose radius is the doteoe
tion range of tha attacker.

Tt shoull bo noted that thesughwut this diveussion the convey throat arca

is an arca of potontinl thrent to the convoy. The arec uxists whether or not
the convoy has knowludge of an attacker's prosehee in the arca. Note that,

given such knowloedgn, tho higher thoe convoy Lu attacker speod ratio thy more

likely that tha convoy will be ablo to muncessFully ovade tho attacker.

Tho spreific goomatry of Lha Convoy Threat Areas in Casos Ib and 1o in
Figure IV-) rosults from maintaining the wame ranyo at which the attackoer can
datecl the convoy (RD ) and the uama VC/VA ratlio (thus the samo €),

Casae la 1o whur:‘thn range of tho attackor o weapon {g zero, and tho attacker

muat intercepu tho convoy; Th is tho intermodiate casn whoro tho value of Vw lion
' a

betwaooh thal. of vc and VA and thuy the resultant convoy thrceat aron lies hotweon

that of Cnue Ia and Te, Cono Iv i where the spoud of the attacker's woapon ln

yroator than the apeed of tho convoy and groater than the attackerto wpeed, i,0.,

v >V \'

> : ;
w“ c A.
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In Cana Ic, the instantanoous araa ias tho sym of the throat azea rolative
to the u;nvoy centor genarated by a woapon with a given range and weapon to
oonvoy spnuq ratio (repraesentud by the offmet cirale of radius nw. and the p&o-
jeotion of ito diametor along the gonvoy's projouted track out to’the doteotion
ranga ara) and the originhal attavkers convoy threat aroa from Casa fa.'

The repultant arcas as u funetion of vc/vA ration (from 1 tp i) are plotted
in riqu¥o _fv-: for soleated ratios of thu attasker's weapon range Ry éu the datec-

tion-range R, . Tho axamplo illustraten a case where :
! 9 Dy P Y /VA = & (thus, Yy * Vg

aoroms tho wntive plot). Again, the convoy threat aras im normalizad to a valua
of one for a threat atoa that is a clrale of radius an.

Notu.thnt, as axpoctud, & vwa/vc ratio gredter than ond geherates largar
th;oat araas for any attacker weapon range dgrostex than gers ahd that inareas-

ing the weapron range tn valuos of the pame ordar am tha detection range Arama=

- tieally increases this area, 1n thin era of pubmarinn and purface ship launched
L]

88M thraeantn, this reglon iu probubly tha more realintic one in which to {nvoo-

tigato the utility of spcod for n convoy.

Cana II. Attackaer fpond Groator than Convoy Spouwd

This caso iu of current interest In that it probably bent roproments tha

ourrent convoy and threat aituatior. ** The procine geometry of tho convoy throat

*Phe wroa in developed by soquontial application of the rolat.lve motion hotwoon
the waapons and tho convoy, over tho diatanco the weapon can travel, md thae
original) attacker to convay relative motion. Calcvulations rhown in the Appondix.

*iith, of courne, modiffcacions inducod by 1imitn on atLacker's speod
by othor fautors, such aa dotection of a subnarine attacker's radintod nofun
by oncortu or gpurvalllance syntang,
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area in, again, depondont on thn‘tnlutionnhipn among all of the portinent
paramoters. Howaver, in a practical sensa in any mituation where tho canvoy
has a long distancae to travel to {ts destination and tho attackor has more
than a marginal spocd advantago, tho attacker, having detacted the convoy,
can overtake i{t, Prurthor, tho attacker, given enough woapen npeed and
weapon range, can launch the weapon from some distanca austorn {(as in cane o
where Vén> Vb). Thus, hiv yrequirod dlntancoe to clo?e can hé vo;y amali.

In o practical aonma, the threat aran can be tonsidored to be a oircle of
radius Ry with its contor on tho convoy canter.* Note that thia {s the
maximum threat area which can bo gonerétad. exacpt in tha cape of oxtornal
intelligence and larger attacker weapon ranges. In this cama, tho convoy

threat arc& ip a circle whose radius io tha weapon range.

A important conuideration derived from the affects of convoy, nttacker

. ahd attacker woapon gpeeds on the size and shapa of instantaneous throat arcas

)
is that of the implications of convoy escort requiremonts,

Bacort raquirements for a convoy can he viowod as fulfilled by the product
of the capabilitios of each eancort times the number of cucorts, Raguirod

escort capabilitions as a function of mpoed ratios ave discusscd in the next

‘saction. Iowever, the required number of escorts of n given capability is

a function of tha basic Vo/Vp ratio, Thia is indicated by the geomatry in

Pigure IV-1.

The maximun roquiremont exintu in Cane 17 where VA > Ve and {threats can

be located anywhorae on tha porimeter of the circlo. In Canc I oncort protection

and the area from which an attavker astorn could cloume to the ofEnot woapon
range circlo (as in 1¢) in tho time avallable (beforo the convoy vomplaten
its transit or bofore the woapon reachos ite oxbtreme range)

Iv-8
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is roquired only aurous an aro botwoon tho limiting linen of appronoh.'

This 1o {llustrated inlrlgura 1v-4 which indicaton that relative number
of oacorts roguired as a function of VC/VA. The plot is normalised to
a value of 1,0 for Came II whore the full perimetor of the circle must be
oovared. Note the diucontinnity-near VC - VA' vhich 1B dua to tho phift

from a full cirole to a semicirele ag Vc bocomes groater than Vv Nota

Al
alwo the incrowso in roquiroments whon Rw » 0 and Vw » VA (um in Canon-I
a

a 1
Ib and lo).

* Tho rodgui red radiun of the vneort are in a function of oscort to attacker
spoed ratios and tho other paramctors (l.o., ecscort quality).
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Fiyurae 1IV-2

Normalizad Threat Araa Varsus Convoy to Attacker 8Specd Ratio.

Puxpono . )

This figure shows the relationship between normalirzad threat area and

convay to attacker mpead vatio for tho case whon tho attacker weapon range

is mero, or oquivalently, whoen the weapon ppeed is oqual to tha attacker

apeed,

Basis for Calculation

Tthiv graph is a plot of equation H-4.

The threat arca at an instant of time im a function of convoy spaad,
attacker mpoed, attackor radius ot detectlon, end attarknr wnapan rauen,
The threal. ¢.ca reprasonts the area from which un attacker cam clome tho
convoy. Whan thoe weapon range im roro, tho attacker must intercept the
convoy.

Tha threat area 1a normalized to the case of a cirele conterod at the
convoy cont.or and radiug equal to the attacker's radius of detoction.

In the flguro:

VC = gonvoy npaocd
VA ~ attackoer'a ppooc]
Vw" w attackor's woapon speec

Rw" = range of attackaer's waapon

v-11
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Principal Points

1, For a given attackor spocd and radius of datuction, the thrrat area
dacrenpas With increasing convoy apead,

2, If tho convoy has external information on potontial threats, the
convey can maneuvar to achiove the loast potontial threat.

3. Inoroasing the convoy to attacker ppeed ratio from l.1 to three
roducas .the normalired threat area from about ,3% to about ,10. PFurther
inureasing the opeed ratioc from three to five resulto in a muoh emaller reduo-

tion ¢ 10 to ,0Y5).

Iv-12
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Figuro 1v-1

Normalimed Threat Arca as a Function of Convoy to
Attackor 8pood Ratio and Attackor Weapan Range

Normalizad Throat Area

1.0

Cano e (anb.vc » VA)

a

"I - 1,0 . _ Vw

Dﬂ Qiven Mo g
VA
N
r
| [l ] i
0 1.0 2,0 3.0 1,0 5.0
Lonvoy

Attackor fipead lato
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Figura 1Vv=3

Normalizod Throat Aroa as a Function of Convoy to Attacker Spoed Ratic and

Attacker Weapon Range .

Purpone
Tﬁin fiqure shows tho relatichnhip betwacn normalived throat areca and

attackor woapon range when the attacker 's woupon sposd s groator than tho con-
]

voy ipand and convoy spoad in groater than attacker speed (i.e., vw> Vo> VA)‘
[}

Iasin for Caleulation
« Thin graph is o plot of aquation B-9a,
In this figura the throat acvea v L function of vonvoy npood, attacker
Bpoed, attackur detaction ruange and de;Uhul wURBUL g,
In the figural
an = pltacker'n weapon spaod

VA w» attacker'n speed

Prineipnl Pointo

1, For a yivon attackor woapon npoed and woeapon range, tho convoy can
roduco the threat araa by tncereaning tho conveay to altacknr speed ralio,

2. An tho attacker's woapon range o increanod, tho convoy mant achiove
highor convoy to attackor wpoad ration to reduce the throeat area,

3. fhe severe problom prosentod to medorn convoy opoerations againnt
high upood weapont in deplotod hy this figure,  Let un suppona that

n convay had, to begin with, n sapoed advantage of two to one {(a

1v-14
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diffioult feat in itnelf) and the ratio of weapon range to dotection range
of tho attacker ls ono-half, with a resultant normalimed throat area of about

i ' «18, A doubling of the attackor's woapon range would nocosnitato an inorcuso

in the convoy spandl advantago to about 5 to 1 to malntain the Bama throat araa,
Mora qonn:nlly; it appourn that tho attackoer ham a highor lovorage {n groating

throat nrea by increaning weapon rango than the convoy has in reducing throat

mm e bee e e

. area by inereaning mpued.
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Figure Iv-4

Normalirvod Numbar of Encorts Required Versun

Convoy Lo Attacker Speod latio

Normaliged Number of Escorts , .
] 1 L) °
: “wa" Attackor's Woapon Rangoe
: npﬂh Attacker's Dateoation Kango
b . .
.8 »
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Figure IV-q

Normalimod Numbor of Bscorts Roqulred Versus Convoy to Attacker Bpeod Ratio

Burposa

Thiu figure mhows ascort roquivemenits ae a functlon of convoy to attackar
spoad thiou groator than onoe for: ‘ .

® Cano Ia whore the attackor weapon speod {m aqual to the attauckor

spend (Vw ™ VA) or attackeY'y woapon range (nw ) in wero,
[ a

Rn.

¢ 'Tha gpocific vase where Vw - 2vA and Rw“ Moo -.

Banin_for Caleulation

thae mpecific numbey of escorts veauired depands on tho reauired radiua of
the oscort wovarage arce from thoe convoy centor. This 14 @ fuhation of tha
rolative eapabilitics of the anvort and tho attackoer (8cvaoction C).

The normalized number of oscorte (of any given capahility against a givoen
attacker) ia tho ratio of Lhe requived angular eovorage to that in Caun It,
vhoroe tho atlacker's speed oxctoedn the convoy speed and full clreuluar caverage

i roguired,

Principal Points
1. At very small convoy upued advantages the threat ave (and the romulting
normalized oncort roquirement) in vory sonujtive to the npood ratio and insen-

nitive to the attacker's woapon parametors,

2. Incroauing the convay to attacker apoed roatio decroannn escort requlrao-

V=17
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i mente, At ratios of about 3r) thu maurginal roturnu frowm fuwrther incresslng
| .

Lf gonvay npeed are small,

ié 3. Tho attacker can counter tho convoy's upood advontage (and incroaso
i ; omcort requirements for a given mpood ratio) by incroasing hin woapon rangoe
g : ahd woapon apood, '

{ é 4. Cano I!,-gg €], im not illuntrated, since the normalived throat are
!

in thip caun in unity providing the attacker ean closo from the rear hefora tho

convoy can gomplote its transit,
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C. BSCORT SPERD REOUTREMENTS

Therv are two lmportant oscort specd ratiow: oscort upoed to attacker '
spoad (VE/VA) and cuconrt npeed to convoy apeoed (VE/VC)' The firet in roqulfod
to insuro timely cloning and countorattacking a dotoctad throat (before
ho c¢an launch hin weapons). Tho socond 48 to ihauro mnjnta{ninq‘thin dotaction

0

capability over the aswigned aroa relative to tho convoy.*

1. Eneort to Attacker Spcod Ratio

Tho base case for wscort roaguiremonte is taken from Casn II (Vh » Vc) wharza
the ontiro porimeator of the threat clrele must be covored by tho escortm., Thera
are voluen for the axrea of tho threat airoloe whierain evasnion by the convoy i«
not. an option) theso valuen are dotormined by the attackor's waapon range and
dotection range,

Tha purpssue of the ascort le Lu dutect the threat, close and conpummate an
attack boforr the atlackor can launch his weapo,. Thuu, the pgrameters for aescorl
quality are thnlv”/vA rat.lo, and the maximum rango of the oacort's woapon.

Figuro Vi=5 plots the nunber of escorts requlred au a function of VE/VA for
the indicated ralion of the encort weapon range -nd detectlon distance.  Tho fig-
ura detormines the escort reguivemonts to vountor the attacker hefore ho comou
within woapon ranga to the convdy center,

For an {ntorcept (o take place, tho detection dintance munt he greator than
tho attackor'a woiapen range.  The distanco ovor which intarcopt can oceur as the
Aifforvncoe between the detoaction dintance and the attackoer'n weapon range.  Homee,
incroaning the detection dintanco glven Lho eacort more distance {and Ltime) to

intercept the attacker,

PHote that whoen VF > VA' aml the geometry 40 othoaawlae faverablo, a timely encart

deteection of o threat con be followed by aucecanful convoy evanfon of tte throeat,

Iv-1Y




2. Encort Sprint Specd Requirements

The purposa of tho oscort isc to close and consummate an attack hofore the
attackor can launch his weapona, Tha attacker could ba dotoctod by cithar the
oncért or pome other system, in which came the oacort acts as a pouncar who iaq
vectored to thé datum by tho scarching systam onco a eontuet hawm beon ontablished,
and ccnsummatas the attack., In this cape, tho omcort may use sprint apohd to
provide timely prosocution against attackars around a couvoy. .

An escort using continuous acoustic search to sanitize an area around tha
convoy is'limited to mlow search apoedé. Huncé, in ordor to « scort convoys with
a spead of aldvance greater than apout 15=-20 knots, tho ascort must use sprint-drift
tactice (dafined and ditcussed in Section II, pp II-14-16).

To provide the desired acoustic coveraga around the threat area, the oscort
m&at maintain a spood of advanct equal to or groater than the cohvey speed of
advanca. The escort's apred of advance capehility 1p Aetormined by the combira .
tion of hip sprint aoeed.and his virtuval spead. Virtual upuod.ia the ratio of
detaction ranga while drifiting (which is a detorminant of the srrint distance)
and thu drift time required for cach nearch pcrioé. Thus, to maintain the re-
quirod spead of advance (agual to the convoy spead) the oscort must achicve the
proper combin tlon of sprint espeed and viriual uspeed.

Figuro 1v-6 indicates raguired ascort aprint ppocds as a function of convoy

spacdn for selected virtual opeada. The accompanying information shoet discuzsnen

" tha advantungn fin roduced edcort wprint speed :oguiror nis) of a tactic which om=

Ploys two leap-frogging sprinl-drift escorts for eanch cscort station.

In addition to tho fwplied trade-off of cscort sprint speods with cecort
force levals, it nhould bo noted that the leap-frogging tactic may provide a
means to overcome technologlceal barriors (combinations of lmiting aprint apeedy,
maximum deteclion ranges and mindmam drift ¢imoen) prevonting gprint-drift ascort

protection of very hlyh spocd convoys.

. Iv=-20

Ezb
i
[
!
L
kN
4
A
A
N |
L H
B ! H
' .
. '
j
. ¢
1]
J




e

TS E e N sy

AR

L T s

v -

ot ey

RS

'iygura 1V-H

Number of Eucorts Required to Provide Timoly Prosocution Around
tha Entire Civcumfercnce of a Throat Clrele Vorsus
Encort to Attacker 8poad Ratio

Number of Mucorts Roquired

10
Detection Dintanco ._ 1,25
Intercopt Dintanca® ~'°
8
L]
6
4
a
? [T iwcort woapon Ralge | o . 0.25 0
Dateetion Distance® ! Nl =
| . | ]
0 L
0 1 P 3 4 5

ncort

- Spou at
Artachor pueud Ratdo

b Meanured from the center of the convoy,
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Figure I1V-5

[
Number of Escorts Roquired to Provida Timly Prosccution Around tha

Entira Circumference of a Throat Cirole Versus Bscort to Attacker Speed Ratlo.

Puzpose i

Tho purpona of this graph is to show the numbor of omcorts required to
provide timely prouecutlon around the antire eircumforonoe oo a threat clrcle
as dafined in Case II, verdus wuacort to attackoer spoed ratio for various
dotéation diytancas and woapon ranges.

pasin for the Calculation

Thip graph is a plet of equation RB-15,

“Thim is a case to illuminath the escort versus attackor problem. In thin
canQ. the speed of the vonvoy . much Joes than the attacker's speed, honco, ﬁ
manouvering by the convoy to avoitd attack in not connidernd.

In this calcuiation, tho attacker chocﬁJ the convoy and approoches toward
the center of tho convay with constant courue and spoed (VA)' Tho attacker 1is

dotected at a detoction diwtance (RU ) fram tho convoy and R, 18 greater than
[

De

the attacker's weapon ranga,  The detection could be made by the escort or other
systems (ouch an satollites) in which case tho escorts act an pouncers,  The

time the encort has to intercept the attackoer in

DC il |
[ VR IR NGRS ,
vh

whova Ry in somu distance greater than the attacker's woapon range

meagured from the center of the convoy,
Tha poctur anglo which can be covoerad hy o single cucort is a functlon oty
escort spoed, time (1), and cacort weapon ronge,  The numbor of oncorvts regulroed

i determined from the bector covarage of a naingle escort,

1v-22
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Principal lointe

1, Por a given dotcotion to intercept distance ratio, tha number of ea-

e et = o gt

corta requirod can be reducod by elthor increasing the escort to attacker speed
ratio, or by incroosing the eacort'n weapon range. For examplo, the numbar of
: : encorts required in tha oame whorae tho oscort to attackor spoed ratio is unity

! and tho oscvort woapon rango ia ,2% timas the convoy foroe detection range is

. about 5.2, Incrcasing the eocort to attucknr speed ratie to 2.1 reducen tha

requirement to about 2,8 cecorts. The wsame reduction can ba achleved by doubling

the cscort weapon ranga.

~
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Figure 1v-6

Ewoort Bprint Spood Required for a Givan Virtual Spocd
as a Mrunation of the Convoy 8peed of Advanco

.
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N Figuro 1V-6

Escort Sprint 8poed Roquired for a Givan Virtual Bpoed as a Function of the

Convoy fipood of Advance,

Purpons

The purposo of this graph is to phow the escort pprint specd and virtual

i apeed (vv) required to omecort a convoy with a given spoed of advance.

Basis for Caloulation

This graph is & plot of egquation B-20.

The oscort must maintain a speod of advance oqual to or groater than Lo

T

o m —

.
! convoy npeod of advanca,
i

The esuort'y spred of advance capabllity is dotermincd by hie sprint apeed
; : and the percentage of the time he aoehdn drifring  Tha neavenntage of time
i

drifting (i.e., sourching) is determined by tho roqulred timesfor each noarch (td).

- .
The frequoncy of search inm governed by hip sprint distance, which is a dopendont

function of the detection range (RD ).
(]

virtual spoed in defined as sprint distance divided by timo to soarch.

gprint dintanco in the dintance botween liatoning poriods, In the case of a
single ecucort for the assumed Aburuh coverage (sce Appendix, Scction B), sprint
distance cqualn the dotection ranga,
The minimum ecucort sprint spoed requiromont 4m doterminod by the sncort's
i roquired overall speed of advance (convoy npeed) and the bost achicvable teado-

of f of increaning thu posors' dotection rango (RD ) or tho numbor of cscorta
©

auvnigned to each aprint-drift coverage arca or by decroasing the drift time ro-

quired to eomplote a scarch.
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Principle Foints

1. The virtual spood of Lhe escort has the dimonsions of volocity and rop-
rasonts tho limiting value of tho vonvoy spoud of advance that tho osuort can
satinfy at any oprint spand, '

2. For any given convoy upned, as tho virtual spoed of tho uncortlin in-
ersanod, tha aprint speed roquiroments are deoréased. Thies implios a trad#-off
botwoan virtual spoed and sprint spoed, 1.0,, if oither tho detsetion range can
ba inoreased or the required drift timo decroancd then loss oprint mpeed eapa-
bildty wi;l ba required to maintain tho given wvonvoy speced of advance,

3, For a firod timo to sonrch and a fixed dcetection range, the virtual

epood can bo lncrcasod by Incroasing tho numbor of escorts and uming them in

& loapfrog geomotry, For axample, RD w 30 nm and TD = ,3 hru,
(-]

.?.S = 100 and to maintain a convoy spoed o1 60 knoku, for a singlo,
D sprint-drift escort, :

Vy = 100 and the required oprint npecd {8 150 knots (which far
oxceadn Lhe current estimato at which the sensor can boe towad
while sprinting),

ror two leap-frogging oucorts,

Vv n 200 and tha required sprint aprod for each amscort iw 85 knotn
(which may Lea foanible tewing mpocd),
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D.  INDEFENDENT SATLINGS

The prev}oua discusaions on convoy mpoeds and emcvort requiromentn
opona tha guostion of indopondont nailing vernus convoyn., Thora are roaims
whore one or the athar {a the obvious choico.

Indopendent sailing im preferrved whon tha convoy te nttaé&nr upaod
rotio i high and tho attacker's woapon npnod'nnd range are such that the
threat area romainus narrow and the added bhenefit of escort: is marginal,
compared to thu price to achieve the roquisite spoed, dotection range, weapon
range, search rato or the desired combinations, Tha banofit of cncortn can
be xoro am in tho carn of the high speed indogendont ships (a.q., Quoon Mary)
used in World war II,

Convoys may bho the proper cholce whenovar the convoy spoed ls leas than
the attacker aspand, or when the eonvoy spood is less than than thu atlacker's
weapon apoed and oscorta ponsesn the requieico spond, detection ranae and

weApOh Za.ye:.
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B, SUMMARY AND CONCLULILONS
.

This pection invostigated the relatfonnhip bhaetwoon the ratio af npeeds
of the various forcen invelved and tha other important variables {n convay

oparations, Thu forces considored were coavoy nhips, escortus and attackots.

In convoy oprta.iona the attackers are gonotrally thought of as onomy
submarines, with ... 8 of a maximum of a fow tens of knota., Tho mnthodology

presonted in thie analysin fn goneral onough Lo extend te attackern which are
enamy advanced vahicles., KRatilos of convoy to attacker wpoadn of roro to

five waro considorad and “micro-tactict¥ were not considared,

1. Attackor Against Convoy Ship

.Tho of fect of vonvoy spoed wap treatod in two calogorles: convoy npooad
areater thas or cqual to attacker npeced, and econvay ppeed 1ran than attarkar
spovod.

The prineipal pofntn in attacker agalnnt convoy ship ara:

a. Increasing the convoy to attacker apeed ratio reduces the threat
aron, but thisn effoect 1y wodd fied ny llhu valuos of aothor parametorn
(Lt.¢., npond and range of the attacker's weapon) .,

h., Inureaning the convaoy tu attackoy speod rat lo alno operates to
reduce Lho rugquired numbor of opcorts of a given capability, aqgain,
with modifieatinong induecd by the valuon of the othor parametors,

c. For convay tpoed lean than attacker speed, the attacker, given cnough

time, can alwayn overtake the convoy.
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2. Epeort Againgt Attacker
In the analynis of encort vercas attacker, two fwportant eacort spoeed
ratios omorgor encort speed to attacker speod, and ascort spead to convoy
spoed. The flrut ratio In roquired to {nsure timoly closlhg and countar=-
attaoking the dotocted threat. Tho nocond is to inwure maintaining this
daetaction capabllity aver Lho anulgnod aroen rolativa to tho convoy.
The principal points in uncart againut attacker arot
! 0, Inoroaning the convey to altocker spead ratio reduces the numbov
of escorts requived by narrowing the front to be coverad; incroaning
the csoorl to attacker speed ratio increancs the sector govatage
of thin front and, honee, further reduces tho number of escortn

required,

b. ‘the mocter covorage of the vacorts ean aluo bo incroasod by incroaning

oncorl quality (i.¢.,, by Increaning tho offective range of tho oncort's

waaronn and increanina the requinite range af Aarnetinn tA the atracker)

¢/ Por convoy upeads groater than the Jimiting mpead of continuous
acountic pearch, the oucort munl use sprint-deifl tactics,

d. An esrort uning sprint-drift tacttes must maintain a spood of advance
equal to or groater than the canvoy ppand of advinee. The paramoetoy
which detormines the escort's sprint upeod rogquirvomenti s the
virtual npood, which in a function of the konser's acauntic

detoction range andd search time, d.0.0, drdft time,
o, Mulliple pprint-drift asscortn employling leap~-frog taction can relax
conutratnts on maximam encort npeeds of advanen,
3. Indepondent Ballingn
The quertion of indepondent nallling wau conofderod gual ftatively basml

on tho renultn of the provious analysio on convoy agalint attacker and encort

againut attackoer,
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The prdncipal pointa involved in chorsing convoys o dndependent

pailings are

: If the pipoline {n compoaed of high speed nhipn and the atlackor's
}
; oapabilition aro Hmited {e.g., sobmavines with Lorpodovs anly) nueh that this
! convoy mpead can produce small and narvow threat avean, {ndependent sailing
i
1 may ba the propor c¢hoico, 1 puch "convoy" opoeds aro also cunontially beyond
L .
: the speed vapabllity of offoctive oncort, independent nailing fn a cleat choice,
1f, hawever, tho enemy threat (survelllance, apned, waapon range) dn relativoely
; . insonnitive to convoy specd {v.q., alrcraft, misnnilon) and oncorta can provide
: é effoative protoction, convoying may ko the propoer cholice,
S
!
L
S
1 '
Pt
§ ? The gonora) aonclusion of thin soction on convoy operations is that
g
C relative spoeds and apecd ratios ave not sufficiont, in thoemsolven, to deteovinine
b
i ; adequale meanurnn of effectivencenn,  Other mexdifying paranctevh, such as
' detoevition range and woapon eoffectivenonn, can aften compennal o for Bpocd
1
deficioncion,
t
!
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SECIION V. 8EARCIT OPERATIONS

A, INTRODUCTION . y

This soction addrousos the qonoral noarch problem, idontifies those nituations
vhora mearch vehicle spood influonces tho offectivonoss of the search and indicates
tho qoﬁnrnl nature of the polontial payoff, if any, reuulhigg from increased plate
form bpaod,

The baple problem is to quantify the offoct of spood of tho suaxching vohicle
on & maapurs of mearch coffectivenasu, such as snavoh tataes, probability of deteoation,

or number of doloctlons per unit time,

clenily, for tha olann of sensors whone detection range im not senmitiva to

-

search platform npeed, increasing seurch spoed rapability will increoasn the aehiov-
alle search rate (arva soarnhed por unit time)., Thero ie alwayn the quaution of
whathor ox not tha incronse is worth the af(ort, Wwhan thoe dnt;chinn range iy very
long (aw.g., air soarch radars) tho benefit of incfauminq yhn platform spoed may not
ba vory imporxtant.. Conversaely, in the cawe of a shori rango syatem psuch as a may-

notio anomaly dotection (MAD) symtunm, offuctive soarch npeed is the principal

determinant of soarch rate.*

Acouutic searchaem diffor importantly in thqt tho dotectlon rango of a
sonar is dogradod bv a comploa combination of factors (primarily noimw). One
of thuwu factors {u the flow nolme arcund thu senwor hwusing. Thip noine increasen
with soarch speod, Thus, in the dpeod rangs wh;ru flow holue is a mujor factor,
tho dotection ranga varlos invorroly as the speed of tho sear:h vohieclo. Bince

tha other dimengion of ha gearch rate in divectly propoglional to the nwonrah

apead, the oxistenco of an optimum search opeed fn dmpliod,

TﬁFEE;GwKFETHBT-cuurnu, Ttmlty inmnofar an the overall goarceh offectivenoss of a
uystom involves factors guch ae intogration time for a devection, clansifi-
cation, otc,

f
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Thim onalysin addrassos the utility of spred in tho case of a singlo woateh
vaﬁielu, employing an accuﬁtic sunsor and conducting random soarchon.
Bearch with prior informntion, multiple sonsors and othor nonsorn nueh as
radar or MAD, are conhniderod in the nectionm on attack and countarattack, gonvoy
and pursuit, wharoin the asarchaer (upon dotection) usos mpood for some other
function, such am localieing and attacking the target.
Tharo are two important factors which tehd to bound thoe spund range of
intorent for acoustie nnarch. For nurfase oy near suxlfaca platforms, flow nodnns
at speads in oxeosy of about 30 knots reach a Javel at which the detection rangae
e for all practlical purpones, rotro., Horculean denign of forts appoar to ba nocornary

to producé any incroana in this timiting spocd,

At very low npoudn, tho combination of provailing background nolse in the woa
and the mashinery noime compononts of self noisne dominatus tho problem. Thus, the
thooretical detection rangos which might bo achioved in a nolselosy environment do
not oceur in the rual worid. 1In gonoral, detvation rangen are Hmited by the onvir-
onmont o a conptant value until wearcher npeed roachosw abaut 10-15% knotn, and thon

docroanc with incroaning apeed, reaching the zpro value at about 30 knots,

Thus, tho noarch spesd of interosnt, for the forenccablo futura, Vlen batwoeoan
10=1% knotn and about 30 knots.  This puggouts that Lhe projectod spoad cape-
bilition of most of tho advanced naval vohicle concepta {(with the ponsibla preuption
of HWATI ship») gain 1ittle or no wupport from yhn neaveh function.*

Wo addross twa gunoral search operationn:  Bavrier fearch and Opon Area
Hearchi
The bartlor operation reprowonts o well dot Loed arca (o by noarched with o

high oxpectation that o targot may attempt to tronedt the barrler. The barrior

TR I wol extirely true ninco, in the analynin of sprint-drift or flying-
arift poarch, wo find a clear caso for high spodnting (ov Tlylng) npocdu
betwuen soarch puriodu.

v-2
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fn taken to be positionsd artorn normad subiarine tranuit tanen, nueh an tho

G.I.U.K gap. A barrier front ol 250 nm por barriur unit is uned,

Tho opun aron search roprosonts a random oncount  with no prior expoctations
of the prusonce or abnonca of a target in tho search area. The offectivenans of
open area sonreh in depondonht onh the donnity of targotu, i.e., the numbor of tuar=-

gotn pur square hautical mile, This target donn{ty {s correlatod with tha targwt

pyatem bane lons facter toncopt introduced in tho seution on Frnnnit. As tha
targot distanca from pért incroancs, the numbar ot platforme rnquirnd to keop
one on atation wil) alson inereasoe, In addition, the total area in which tha tor-
gaty oporate will aluno {nervaso with ddatance from port; hence, the target density
will duercano with diptance for a given targat force level.

Tha noarah technlguen addressed in this analysdn ave

e Continuous aetive and pasnive search

o Bprirt=drift senrch

o Ilyinn-arift noarch

Indtinlly an idoalized nnvirnnmvnt (with no hackground notse) is asmumed,
T™in, thereforo, resiltn in dndiecations of optlnum spoads which aro lower than

onu's intuition or exporionco would fnddeate.  Applying a mean lovel of hack-

ground nelse han tho offeet of ¢llpping off the detection rangos al lowor spoodu,
Thun, ohe can expect to find realistie optimum search npoeeds betweon about 10-1%
knots and about 20 knots,  TC 4 dmportant to note that the lavels of of foctivas

ponn atl. thops epoeds are losn than thowse for the idenlized cana,

Tho fdealired eano wau choron for graphical display bocauso 4t L1luntraton

tho mothodology while at the same t{me avolding tho vagarion of geography, sea-

nont, timu of day, and weathoer which are nnt the prineipal areas undor §nvosti-

gation,
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B. BARRIIIR SEARCH

Tho purpose of this portion of the analymin 1is to invootigato the impaat
of soarch spsed on tho probability of detceting a target attempting to tranait

A barrier.

A single searcher conducts a random mearch in a barrler with front ecqual
to 250 nm por barrier unit. o

Th? mathndology 4nd results are extendable to barrciers of any length; 1£
qénaral, absolute values of probabllitics of doteoction will ~hange but optimum
spoeds dorived herein (in tho idealiped cane) dn not change.

In tho came of ' continuous search, the dutncﬁion range (sweep width) ducrvases
with increasing specd dua to self noise considerations, &er1f noise iu composed of
background nolse, machinery noisa, and flow noime. Of thune compenenty, Elow
nzizce do dlrectly dopenlent on apeosd; hance, for purposcs of analysis, the ather
eomponaents wera consldered to be constant and attention was fhoused on flow noise.

Flow nolue directly affecls sennors using broad .ind detectlon, By
improving the design of sonar domes and utilizing narrow hand signal provensing,
the effect of flow noiwe on detection capabiliiy can be reduced.

With broad hand detection, the benefit derived from fncroased apeed Ls

offeot by dogradation of mennor capability with nelf noluos,

In either enao (narrow or broad band) since thore is a componont of
nearch rate which inereasos with speed and another which deoreases as npecd
is dIncrrnanced, an optimum search apeed (o impliod,

In tho case of nprint-arift nearch, the deotevtion range {a not degraded
by soarch gpcnd sinco the nearcher listens only durlbng the drift portion,

However, the spoeod of advance §s directly affectod by the detoction rangae

V-4




and deifting timo. Using pausive sennors, sugh as towoed arrays, ahout five
o ) minutas are required for the array to sottle down) and tho avarage proconaing
time is about fifteen minutes., Honce, a drift timo of 0.3 hx is usad.* It ip

? generally accopted that the naxt geheration of towed arrays (I0C 1980) will be
towablo at speeds up to 80 knots. 'Thorefore, throughaut this nnnfynia. it is
asgumed that no time lu roquirod to doploy and retrieve tho array whon sﬁrlnt
oppueds ‘of 8N knots or lass ere used. In the cave of flying drift whore tho
array cannot be towed while flying, a total drift time of 1.% hours is assumed,
Thin nllo&a nn additional 1.2 hours to nocount for the time to doploy and
retrieve tha array,

The following figures dovelop a general guantification of the utllity of

vehiole speed in conducting » barrier search, The discussion sheets which

F R e T

accompany the figures illuminate tha prineipal points of each graph. PFlgure
V-1 addresses the idealizad case, 8ubsuquent Digurtes assuae & coiblinuation cf
background s, self .oisc such that the deteotisn rang~ iu congtant over a

- gearcher apacd range from zero to ten knots.

It o important to note that, in general, the assumed detection ranges

’ : ara optimintic for present nystemn., They ave viewed aun the maximum poerfors

mancae levale which forasecable technology may producc,

7“"’%75}-’:’17?67 Pasmiive Ranging Tacticn Uning o Towed Arzay,"  THW Report,
13 Buptember 1972,
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Figure V=1

bogradation of Pasulve Dotoction Hango
Due to Flow Noiso Versus Spead
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Figure V-1

bBagradation of Passivo Dotoaotion Ranga Duo to Flow Noluo Vorsun Spaod,

Puzpons

The purposo af thian graph ls to show tho impact of flow noise as a
funetion of apood on the panmive dotection range of a hullemountad vonar.

Basio for the Caloulation

T™his graph ims a plot of equation €-1, R_is tho dotection range at

goro apeed for an idealircd caso, wherein the effoots of background noime and
intornal welf nolsa on R, are assumed to 'ba kare.

Tha moasured data is taken from R, Urick Principlos of Undarwater Sound

tfor Engineorn, which giver a value for tho increawo in fiow noiso of 1.8 db/knot

In tho speed range 10-20 knots. -The fitted curvo is in good agreament with
moasured data in this speod range.

The d:uhed ourve reprasents the improvemont in detaection rante which
oould he nxreated (£ a 50% raductian (n flow nripre wore obvained,

Principal Points

1. Tho detection rangoe for hull-mounted monar decroases with the cube
of the speod in the given apoed range.

2. Reduetion in flow nodse by improved deaign or coating should resalt
in increasced dotectior range and decreascd sonsitivity to upoed.

V=7
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Figuro V-2

Prabability of Active Detection of a Transiting Submarine Versus Search
Bpond for Continuous Hoaveh,

Purposo

The purpouse of thim graph is to dimplay the probability of detoeting
A submarine transiting a berrier uaing aontinuous active muarch for various
transit speeds. )

Basip for the Colculation

In the spoed range Og Vs 10, the range of detection, R, is approximately
constant (=i, tho maximum range of detaction). 1In this spooinl vasa eguation
C=6 simplifion to Ry ‘ av " )

) [} L m+—=u
Po~1-e | Vg

For V 2 10 the rango of detection decraanes with increaning speed as in
oquation C-1. Thun, cguation C-§ becomes 3
Ro . =a(V~10) (3_\5+ 1)]

]
PD ) e~a L v‘ F

A value of 25nm im used for Ry which corresponds to a hull mounted sunhar

undor jdeal acoustic conditions, i.,e., low wea stato and backgound notne." The
value nasd fov R in an oprimintie ehoien for tha maximum detection randa. How-

- ever, difforont choices of Ry would not nignificantly change the shape of the

aurves, .

It wan annumed that the target mpeed, Vg, had nogligible effect on the active
poarch detectlon rangor that in, we ignora posnible rcoturne from target wako,

Principle Pointn

1, For ventinmwing active search, the probability of detection decrvancs with
inarcaning target speed due to the shortor time of translt through tho barrier for

. highor speads,

2. For the ansumed conditions, the ecurve displays an oplimum search apood of
about 1%-10 knots,

3. At higher apeeds, the poobability of detection decreanon, sinee incrcasing
flow noine decroases thoe figure of merit of Lho nenaor. Thus, it appeoars that
high wpouwd advancod naval vehiclos have Lmited application in continuouns active
woarch,

*CYCLOPS, Volume V, 1X, Centor for Naval Analynews, Htudy 047, 1967. (SFCRET)
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Figure V-3

Probability of Passive Detoction of a Transiting Bubmarine Votsus
Boarch Bpood for Continuoun Boaroh. :

.

Purposs

The purpose of this qraph is to diuplay tho probability of dutecting
a muwbmarine transiting a barrior using continuousn pansive acarch.

Basin for the Calculation

This graph is & plot of equation C-6. In equation C-8 the depondency
. R
of the probability of detection on target spoad occurs as a ratio, Vg' Lo,
. ]
the rutio of the deteotion range at rore soareh ppood to the targut smpeed.

It van be shawn* that R, increanea approximately linoarly with target speed.
Tho BEAMIX gtudy provides the folluwing relationships.

Targot Araed (knotn) Dettction Rango (nm)
10 : 25
40 50
k1d] 7%

The ratio for this computation is 2.5 hours.
Principal Fointy
1. Tha prabability of detoction is inderendont of the taryot spoecd, so

R
long au tho ratlo Vg ig a conptant. The ratio for this computation in 2.% (houru),
8

2,  Tho uptimum nearch speed occurs in the rango 1518 knotn,

‘Qﬁﬁﬂlgu;,rcNu, Syntoms Analynis Dlvision (0P-9G), april 1973, (4RCRET)
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Pigura V=4

Probabillty of Pausive Datoction of a Transiting
Bubmarine Versus Scarch fpacd for Sprint-hrift Soarch
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Filgure V=4

Probability of Pavnive Datection of a Tranuiting Submarine Voroum
8print #pooed for Bprint-Drirft Baarch.

Purpone
Tha purpons of thie graph is to display tha probability of dntor(inq

a tranniting submarine using nprint-drife tactics for vnriuua tnrqvl upnndu
and cﬁrrnnpondinq dotoectior rangoes,

Bamis for tho Cnleuwlations

Thin graph in a plot of equation C~11, whare R is tho detection ranga
and {ncroases with target wpedd due Lo Inceonsed radlatod nafso according
to the followingt

Target Spoed (knotn) bateclion Ranye (nm)
10 a5
' 20 50
30 7%
The drift time, in taken to he 0.7 he minen (6 vogidrae f4us mipgtng
fur tho array to uolllg down and an avorage of fifteon minutnn in roguired
for procanmiag. .

It da gonerally acceptod that the nest genoration of towed atvayn (100
1980) will be towable st mpeeds up to BO knats, honce, no time Ju required
to doploy and retrieve tho arvay at moarch spoods of 80 khotu or loss,

Principal Pointn

1. In thiu case the probability of detection dnereauon with wprint
#pood and toarget sapeed,

4. ror a glven drtoctinon range, tho probability of dotection dinplayn
diminishing returnae ap sprint apoed increasen, howeover, thiv spoeed fu hee

yond the mavimum Lesdng speod ut which the areay can cuvvive (about 80 knotw) .,
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Figuro V=5

Probability of Pawnive Dotection of a Transiting

Huban,

Probability of Dotection
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.

1.0 . .
Ly {drdft L%@g)h:
la -
6 |
v. w JO knots; R » 75nm,
N =
”
™
-0 { | ] ]
[+] 100 200 300 400 %00

- Flydng Spoud (Knotu




s e

Flgurae V-5

Probability of Pansive Dotoction of a Transiting Bubmarine Vernusm
Bprint Bpoud for Mylng-bDrift Soarch,

Purpone

The purpose of this graph in to display the probhability of detocting
a pubmarine attempting to transit a barrier using flying-drift taerios,

Pasin for the caleulation

Thie graph g & plat of aquation ¢=11,

The ealoulation was made using a eingle value for target wpued, v, and
detection range, R, to illustvate the difforonce butwoah flyiny-drift fna

. sprint-deift, '
i
> § A total drift time, td, of 1.5 hre was used which {nelutes time to doploy
b and rolrieve the array; the actual l{atening timo in mtill 15 minutes am in
3 tha nprint drift case. In the flying-drift case, the arvay eannot bo towod
; while f1ying; henco, it {m nocossary to include tho time to deploy and re-
‘ triove,
i

Principal buincne

1. Tho prohabllity of datection {neveascn monotonieally with npoed
until about 200 knote, after which the probability of detoction in rolas
tively innenaitive to tpoad,

4. The probahility of datection for flying<drift ix connfutontly lowar
than aprint drift, due primarily to the tnzreaned ritfe time which docervason
tha speed of advanco,  Tho fmpact. of detoestion tange and drift-tlonm on ppood
of advance 1n further dlluminated in the followlny figuroa,
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rigura V=6

Comparinon of probability of Dateotion Vorsue

Bpasd Fur Varioun Rarrier Secarch Tactics

Probability of .Dotoction

1.0
v oo v Continuouy faarch
—— gprint-Drift Search
w s ow Flying-brift Soarch
VB w 10 knotu
6 b Ro w 2h nm
]
» 0,3 hr
ok . tn 0.3
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i Figuro v-0

| .

: Comparison of trobability of Delaction Versus Spoed for Various Harrier

: Soarch Tactice,

|

E Purpose

| ’ The purpono of this graph is to display tho probability of pussively datoct-
! ing a tranviting submurine uning various moarch tactics for a givan ta;qot apeed

and dataotion rangn,
1
Banin for the Calculation

This groph is o plot of equation ¢-6 for tho continuoum casn and eguation
=11 for the pprint-drift and flying-drift cusae.
. .

The pubmarine specd is 10 knots whieh L an approximato optimum spood of a
submarine tranuiting a pannivae sooustie harvior, This rasults Iln a searchor's
maximunm dotoction range of abvut 25 nm (asruming ideal acountie tonditions).

For tho sprint-deift camo a 'drift time of 0.3 hr i unod.

5 — .

. At tho prosont level of technology, the amount of strens the towed sensor
oan withatand limits the sprint spead in sprint-drift scarch to under 80 knotn.

For the flying-drift came, a drif* time of 1.5 hr in usud to account fox
arvay deploynent and retricweal,

The apeed in tho rempective speod for cact tactie, f.e., sontinuoun, eprint
and flying,

Principal Pointw

1. For speods lens than 20 knotn, aprint-drift scarch and continuous neareh
' ylold approximitoly the samo probability of Jdetection,  In the speed range from

? 20 to 30 knotw (still in the realm of conventional naval vesnols) aprint=drifi

; : soarch dramatically lmproven thoe probability of dotection.  For apecds greator

H : than 30 knotr, solf-noiua makes continuvous mearch bneffoctual, but doen not hine-
daor sprint-drift noarch,

. 2, The prabability of detoction increancs monotonically with sprint apeoad.

X 3. %he probabllity of cdotoection for flylng-dedit soarch $0 relativoely in-
pennitive to npoed In the range conniderod for o drift time of 1,9 hr,

H 4 4. By docrcaning the deift time, a pignificant fmprovement in prabability
of dotoction Lo obtainad for flying-drift noarch,

v-17
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Figure V-7

Bpecd of Advancvo Versus Sprint Spoed for Various Drift Timas

. b
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Figure v=7

Bpeed of Advance Versus fprint Spead for Various Drift Times.

Purpono

.

The purpone of thin graph is to ahow how tha spead of advance variue -
with aprint speood and deift timo for fixed datection vango,

Pasie for Lhe Caloulatien B : .

Thia graph is & plet of equation -8,

Prineipal Points

1. Por relatively short datection range (5 nm) and drift times of
0.5-0.3 hours there ism a diminishing raturn in npecd of advance once a
spacd of about 30 knots lu reachad,

, 2. If the drift tiwe can be reduaed to 0.1 hr, improvement in specd
of advance can be ohtained.
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rigura V-8
Bweop Ratc Versns 8print Spoed for varioua Drift Timow

Purposa

The purpose of this gruph is to show how thﬁ aweep rate varios with
aprint speod and drift time for fixecd detection range.

Basis for thu Calculation

This qraph is 4 plot of equation ¢-9,

prineipal Fointn

1. This graph shows diminishing return tn pwaop rate For Arift timos
of 0.5-0,3 hourn which corrolates with tho spoad of advance in the pravioun
figurae,

2, By roducing tho drift time to 0.1 hr, significant fmprovement in
swoap rate can be obtained.

3. For the madest hut fraaquantly reabistic detoaction ranae arsumed,
unless the curroht drift time of 0.3 hr can be reduced, the panalty in
f{ncroaxed fuul consumption and reduced endurance time at spondes groator than
40 knots would probsbly far oxceod tha henefita,
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Figure V-9

Bpood of Advanco Versus Bprint Speed for Various Dutoctlon Rangos
and Pixed Drift Tima.

Purpose

The purpomna of thim graph is to show how the speod of udvancv vnri«u
with dotact(on rango for fixed drift time,

Basiy of Caloculatlion

[}
Thim graph is a plot of eguation C-8,

principnl bPolnts

Y. There in rapidly dininishing return in spoed of udvunvu an a funeilon
of uprint spoed at dotection rangos of <2% nm,

« 2, The proceeding figuran {6 and 7) imply a detinite tradeoff
betwean detoction range, drift time, and sprint specd,

V=23




C. OPEN ARRA SRARCH

.
;
k
i
;

The purposc of this pottlon of the analysis ia to investigato tho impact

of search spood on the oxpectod number of tarqets to be onvountered in an

opon aron search, Thu oxpoated number is depondent oni  tho scarch speed,

the targot speod and diraction, deteotion range, and tho density of tarqets.

The donpity of tergetn varies with thelr dintanee from port in acoordance

¥
B

with tho basn loas factor concept introduced in the section on transit. As

]
tho distance from port incroases, thu number of targut platforms reguirud to

keap one oh mtation increasos and the total aroa in which tho targoets

operate alno inercames, Honee, for a givan force level, the target da. ity

..v

will decroane with distance from port. This concept io 1llustrated holow,

LT

Incroduing Bano lLosn Factor

e _M

a——

’_‘___'_‘___.—-é—-“—"-_ {
Port , Operating * 160 Bugo Loan

Arca Factor linen

R T X

I
' }

/

/

/

rhe rearch monsors and techniques used in tho opon arcea nonrch arae
fdontical with thone used in tho boarriar search,
The following figurow geaphically display the wtility of spoed in con-

ducting an open area scearch againat uniformty distributed targots, The ohoeotn

. which accompany cach figure {1luminate Lhe principal polnts of cach graph,

vV-a4
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Figure V=10

gxpogtod Numbor of Targatn betectud bPor Hour
Varnus Boacch fpoed for Contlnuoun Active Banar Bearch
Brpoctod Number of Targoty Datectord
Por Hour

[
B R" “ 25 nm

. V" w30 Rnatsw
; N *.000)/nm?

LY

0 10 20 10 40

Hearch 8peed (Knetw)
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Figure V~10

Expuotod Nunbor of Targots Dotected Per Houtr Versus Soarch Bpood for
Continuous Active fonar Bearch

Purpose

Thea purpouc of this yraph is Lo show the expocted number of targets
datoctod in an opon aven uearch am a function of moarch npead nnd fixod
. targot doneity.

Pasin for tho Caleulation

Thies graph in a plot of equation C«12.

R_ = dotection range at raro scarch spood » 25 nm

<
H

x " targat spoed w 30 hoots
N = targot donsity (numbmr/nm:) « 00,0001

Au in rigure V-2, tho spood ranyo han hren divided into two parts,

aly - 10)3

) (< Vv <10 and V »10, wheore R, the range of detection, in N and R e
rnapectlvn¢). Fquurlcn C-12 18 then o

—

w (V4 v ) 3 / - B 5 ain 2 ¢ dy, 0« v «l0
(v + Vg )
"VV e e
: w (V4 Vn) ﬂ\_'N 'CI(V - 10} [ /1 - ._.‘_-,.P.M?_. nln ¢ avy, v > 10
’ v+ V)

Principal pointy

Lo A gontinumin opon arca wearch uning activo nenar results in fow target:
encountors evan with high targot denwity and is limited to nlow nearch speed,

: 2. The numbor of deotectiovny por unit time ducrvases vory slightly over tho
N spoed vange of 0-1% knols and then dooreannrs until it {m csaontlally kcro at about
' 30-15 knatu,  The flat portion at lowoer speedn results from the combiination of

. two opposito affvets ol dberoaued npood;

v-30
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A, bince tho detectdion range is assumed constant over mout of thiu speod
rango, incroasing spoed increauvop the area mearched por unit timo, Thiw op-
oratos to inoreamo detoctions,

b, Thae dynamies of an increasing noarchor upood and ausumed gonatanl tare
get apeods (in random directions) results in fewor timely entrien of targetu
into tho woavehars wweep path por wnit time, This oporatos to docrcane the numbor
of detactions, )

3. Above 10 knota, the dotection radiun decroanes with inzreaning npecd and
tho area swopt per unit time lovels off and then duorenses down te a value of roro
at about 30-35 kKnots, .

4. Thus, for tha assumed conditions, the range of optimum nearch mpoedn lu
about 0-15 knots,
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Figure V-1l

Expectod Numbor of Targets Detocted ber Hour Vornua

gprint 8poed for 8print-Drift Buearch

Expectod Numbor of Detoctions Por Hour

2.0 Jtq = 0.3 hr
Target bLonuity = 2
~0.000) /pm°
1.6p Vg ™ 30 kis
TR LTI
1.2}

Ve .
/ R = S0nm . '
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Figure V=11

Expooted Number of Targets Dptocted Per Mour Vernus Sprint Spoed for
Bprint-hrift Boarch,

urpose
Tho purposo of this graph is to vhow tha axpated numbox of targots
datooted in an open arca search using sprint-drift soarch an? high targat

danuity.

Basis for the Caloulation

Thin graph is a plot of equation cfld'

The graph is a first ordor approximation for the number of targets .
dotested por hour and lllustratos the dmpuct of upoed whon a sprint-daift
noarah tactio is omployed, fhoe following amsumptions wore used in sguation

14,
R in tho deteetion range and incroares with target apeod due to inereaged ﬁ
radiatod roide according to tha followihg:
tarqet. Bpoed (knokts) Datoction Rango (nm) , X
10 a5
20 50
30 7%

The Arift tima, t , is taken to be 0.3 hee vince it requires five minutes
for the array to pett't down and an avorage of f{floen minnton for procesuing.
Targetn that had been dotectod in provious seoavch poriods wore not dLfferontiated
from now detoctions and could bo counted more than onve, Tho gprint dlstanco was
asaumod to bo edqual to tho dotection range R and the aprint drift vyele was assumed
to hugin In tho sprint phase.,  Thus, tha nunbuor of dotectionn st zero apead was
voro since the mearchor would requlve fnfinito time to move a sprint distance,

1t in genorvally nvcupLoﬂ that tho next onperaticn of towed arrayn (TO0
1980) will Lie Lowable ot speoods up to HO knotn,

Prineipal rointa

1. rhe oxpeeted numbor of doteationn thercase with {ncreasting nprint
rpond and dotaction rango,

4, For wlow taryot specd and reducod dotection range, tho number of
detoctdons Aluplay siiminiohing roturns with dneroaning search apoed,

3. gprint-dedft tacticn show nignificant fmprovement. over cont { uous
wearch.
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Figure V=12 )

Expsotad Nunbor of Targeto Dotected Por Hour Vornus 8print Speod for
Bprint-pDeift Boarch,

Urpone

Tho purpose of this graph io to show tho expocterd numbor of targetin
dotoctod {n nn opon area noarch ao a function of mprint apnnd and low
torget denuity, . : . '

Bania tor the Calculation

Thie graph im a plot of aguatien C=14,
Tha bnutn.ot onlowlotion :iw the same an in Figure Vi),

Noto that the vortical rcale han buen changed from the provious figure
by a faator of 25, : .
prinuipal Pointn

1, 'The oxpactad numbay of detoctions per hour ims linearly dependent
on the targal denuity. V¥or exampia: Doereaioing the targot density by a
fackor of 4, roasultn 4n a wanty=Flve A dnerenun in Antantinne por hour,




[PENPPRa

Flguroe V=13

Bxpoctoed Numbor of Tarnuts Datoctad Per Hour Veruun
Flying Spoutl For Flying=Drift 8savch

Expectod Numbnr of Dotectlons Pet Hour

2
Target Density = dxlo"ﬁ/nm2
Target Speed = 30 knots o, '
R = 7%5nm
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Figura V=13

- e t—

Expacted Number af Targets Datectod Por lour Versuw Flying Speed for
Flying-nrift Bearch,

Eurpoue

The purposa of thiu graph is to show the expectad numbor of targate .
detectad in an oponh area search using flying-drift search for low tnrgaL
doneity and various drift times,

Bagis for Calculation

This ﬁxaph in a plot of oduntion c-14,

A drift tlno of 1.5 hour is used to account for doployment and ratriaval
of the array.

Adrift time of 0.3 hr, as used in sprint drift, ias ano shown to damon-
strate tho sennftivity to drift time,

" _ Principal Pointn

X 1. ror drift times of 1.5 huur thure {is & diminishing return tn the
; ! oxpacted nucber ot dotections per hour with increasing flying speed.
2. By roducing tho drift time to 0,3 hr there s a signifleant Increasc
in the expected nunbaer of dotections per hour which incruases menotonicalty
with flying spoeed,
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D, SUMMARY AND CONCLUSBIONY

The utility of spoed in conducting nsarch operations for nubmarine

-targets wos inventigated for two cases:

.

o Barrier soarch
¢ Opan-Areas noarch,
The search techniguos omployed in bqth caBuy wore)
¢ Continuous aative and baélivé scarch
» Sp:'y.tnt:»dri ft saarch
e Flying-drift search
Tha barrior gsearch reprabonted a woll defiéed araa to ba searched with
a high expectation th&t o target may attempt to transit tha barrier. The
principal parameters in the barrier can& atat search speed, targot specd,
Juituweldun Panyer, dedili Linw and batrier dimensions. . . .
.Thn principal points ih the barrier woarch are:
® Continuoun active gearch is limited to nlow Héﬂrﬂh apeed due to
incroaned flow noise with increasing scarch speod.
e For continuous active or paussive soarch there is an optimum scarch
upaed in the rango of about 15 -lu knots,
‘. The eritical parvameter in using either sprint-drift or flying-drift
tactios {u the specd of advance since this directly affeoets the swoep rate.
e The aspeed of advance i directly affucted by the dotection range and
the dyrift time, l.0., for a given npfinL ppeed, tho spond ofvadvanca incrennon

with increaning detoction range and decteaned liatening time,
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“tion xange, drift tlm-, and targot density.

e ‘Tho required drift time is tho sum of settling time and procossing
time; 1n_tho case of flying-drift search, it also includes the time required
to daploy and retriave tha array.

The open araa saarch reprosentad a random encounter with ﬁo prior
oxpectntion of tho prosence or absonce of u target. The prinaipal para-

motors in the open area soarch arc: search mpood, target spoad and dotac-

The principal pointm in tha tpen arca pearch are:

¢ Tho expactod numbor of encounters per hour varies lincarly with
the target 'denmity,

o ‘The density of targots vary with their distance from port in acecor-
dance with the bano loss factor congapt introduced in the section on transit.
At the distanee from port inerencca, tho rnamhoer of platforms required to keep
one op station incroason. In addlition, the *total aven in which tﬁc targate
operate also increasos. llancao, gnr a glven force lovel, tho tarvget donnity
will decrecane with diptance from port,

® The pame goneral conclusionn in the barrier cnmso apply equally to the

open arcn caso.

Advances in technology which would provide across tha board lmprovomunts
for all vases arou

® Rrdu~tion in flow noisa due to imprc.ed dor.gn or coatings on hull
mountod sonsory would incroase vearch apood for contimious seavch,

e Reduction in drift tiwme roquircmonts would result §n {ncruuuud spoed
of advance and, hanea, nwoop rate for sprint-drift or flying-drift socarch,

e Thare jw a tradeoff botwoeen detpetion range and spoed of advance. As

the dutection range s increased, tho spoed of advance lncreanes for a given

V=35
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sprint apacd. On the othor hand, increased sprint speed results in highar
fuol conpumption and reduaod enduranco time. This tradeooff could aluo ba

oxtondod to includo cout conuidarations.
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N SECTION vI. RURSUIT

M. INTRODUCTION

The subjoct of pursuit has long bean one of much study, since it ls an
emsuntial ingredient of warfare botwoon platforms or people, lts roots lie
in the antiquity of tha hunt., Much acholarly attontion has alse boen given to
the subjact of pursuit duo to lts aspoct of relativa motiun which, while simple
onoudh to donoribe, gives flue to a pot of mathematicaully interesting differan-

tial oquations (mpe, for oxamplo, Introduction to Nonlinear Differontial and

intogrsl Equationn, by Harold T, Davias, Northwertorn University, Beptombor 1960,

wiiieh, in the introduution to Chapter 5, attributen the origin of the curve of
pursuit pyoblem to Loonardo da Vinel in the 15th contury),
The anwlications of interest in thim bamic ntudy of puranit hy naval nlake

forms involve fairly elomentary consideration. .Hhilo thoy have probably bean

oexamined and doscribed many times previously, wo have found It earicr to deriveo .

them than to find the set of roforonces dealing with the portinent. apeecific
applicationy,
The basic caloulations whomo results aro describod lator in this nection

aro hased on the folluwing geomatry:

-tr
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'Q Initial position of the Purmuer

Initial
Baparantion
Distance

Point of intercept

0 Initial position of Puriuéo

The pursuad vehicle (horoafltex "pursuec”) in at point 0, whers ke is inlti-
ally dotected by tho pursuer at point Q (alternativaly the pursuer roceives
equivalont informatien from an external source) and the pursuit beyina,

The direction of movoment of tho purnuoce ls along tho path 0. The intor-
soction of 0Q and O fo.ms the Initial track angle, 0, The dntqction range
(moro gonerally, initial separation dintanco) will be'conéldornd to ke unity =o

that noparation dintances {hroughoul: the pursuit period can bu treated as mul-

tiplua and fractions of thias dintance for tho first few baslc ealculation,

Vi-2




The pursuar has basioally two pure tactios, indicated Sv paths A and B from
Q to I (the {intorcept point) 4n the diagram,*
. A. The "pursult ourva", which iws the pursuit path.whioh ronults from the

pursuer continuously heading diractly for the purnuee and continuously

changing his courae to do ro. .
B. Tho "stoady boaring" tactic, which conuiste of ﬁaking the nocenoary

obearvations and calceulaticvna to predict. a point of intorcept I and

heading divaotly Sor it. (At the appropriate speed thiw asonstant
heading results in a steady bearing on the pursuee which is maintained

‘until intercepl)

j§. ' . “fTactic A, which alwaye rooults in a storn chase, is typified by a homing )
'%; veapon or a pursuit vehicle whose speed is high compared to that of the ‘?
i% pursves. o * 1
R
!

Tho anglo 0 is an important paxametaer since @hu largor 6 iw, the gxoatar
thoe spead necusrary for succonuful lntercopt in a given time, Timo to comple to
tha intercopt is an important conslderation whonever the specific minuion
Qictatas.
the third patnmnt;r amployed in the following analysis ia the distanvo
that the purnuae travels from initiation of the pursult until intercopt (i.o. .
? 0I in the dlagram). Thiu diutanao, pometimes known an “capturoe dintaneo", is
used as a moasuru in the bosic analysin, It in plotted in tho firnt fow graphs

. ag a funcotion of the pursuer to pursuce speed ratio. It is sigoificant in

a . »
' A myriad of mixed tuctics, govornad by spocifics of other parametors,
! gonereato alternative pathey which 1o botwoon A and n,

' vi-3




that, coupled with a knowledge of the pursves's spoed, it in aguatable to the
time to {ntorgept. The measure of affectivensan of a naval platform in a
pursuit misnion might b spacitied in terms ¢f olther a time to intercept or
& capture distance or both,

The tollowing analyois of the utility of spead in purauit addrossas two

genoral) cawes. ‘The firat le the busic case whore tho pursuer continuoualy

tracks the pursuea. The second introduces the problom of intermibtont tracking

" and thus addrosmos the potential importance of spood in raducing the impact

i : of uncertaintien as to the pursueo'n loaation and actions,

i
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B. PURBUIT WITH CONITINUOUR TRACRING ‘

ETRRe

et

A gonoral indication of the utility of epaed in a pursult mivsion can

be obtained by invewstigation of the affects of 1ncronnod>purnuer spoed on the

e A 4 4 | e e . b+ o 4 e

distanve the pursuce moves befora intercupt is acdomplished (i.e., capture

PP,

S S

: distance). %hims dintango, howavar, is gino a function of the initial track

anglo 0 and the separation dimtance at the start of pursult.

5

rlqﬁre Vi=1 providen such a bauin for the "pursuit coursa® (taotleo A in the
basiv dlagram). Gonerality is achisved by exprensing the pursuor spaesd in
terms of 2 ratic of purmior to pursuee apesd and by expressing capturo diu-
i ) tance in unitn of the distanuce betweon vohiclow at the atart of the pursult.
l . The initial track angle (0) im parametariznd troﬁ 0° to 160°,
A tha figuro indicates {from the point of viow of doulgning sprod copa-~
bility into a naval vohicle far the purpone of missions invelving pursuit),
the apeed range of intorest lipe between about 1.3 times thae potuentlal pursuce's
speod and about 2.5 = 3,0 timen his speed. Ratios legs than 1.5 rosult in long
stern ohanvn for nll but wmall 0's. Ratlos groatur than about 3.0 would appear
to produce umall warginal roturns and {ndicate rosert to othor means {nuch ne

improved survelllunce, incraasad woapon rangen, foree lovels, ota., as the spo-

e TN o  — e s . 1L

‘ oific miunion dlotaton.)

fhis indication also holds for the "wtoady booving® tuctle snu shown in

Pigure V1-2, which compares thu pursult couvse curve for 0 = 90° from Migure Vi-)

with that for a pursult maintaining a steady bearing., Noto, however, tho

Vi-b
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Aifference in offactiveness for the same gpeed capahilities within this xaglen.
For example, with the steady buaring tnatic a purswer to pursuse spued ratio of
1.5 produces intarcept beforo the tavgot has travoled as far as the soparation
at the start of tho pursuit, Thot is, & capturo dlutenca of less than 1.0, A
pursuit gourse with the name speed ratio would result in a vapture distanas

of about 1.3.

Thua, as ohe might oxpect, the ut!c;h of platform apacd on purauit minalen
capenility ia sannitive to the pursuit tactics. Additional important sonmitivi-
tios wmergo whun one coneiders othey parameters.,

An oxemple s illustrated in Figurs VI~3, which shows tha effact of defining
an lncesouat an wouching a point from which_%hu taryet wuuld by auieched by
tho purnuecr's wodpon and examining the offocts of maximum weapon range on the
putsuit capability-spend ratic funotion.

Note that in this figure the ordinate ia 9ctual capture distance for a
apecifiod initial deteotion distance of 20 nm.  Those dimensionn suggost a
spocific uxample whare the pursuar is o aonvoy ascort who haa detected {at 20
nm) o submavine attempting a torpodo attack on tha convoy. For a reguired
capture diatance of lunh than 10 nm (which may be vonaldured an the distance
the subimarine mugt travel heforoe he can ettaétiValy fire torpodowu), an escort
waapoh xange of 10 nm will pernmit tiwely counterattacks with an oscvort to
submarine spoed ratio of about 1.7, A mero rangn oacori weapon, such as dopth
churgon, would regqulro a apeed ratio af about 2.4,

Note that capture distance parven as a meawure of effoctivonous of theo

vi-6
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utility of spetd in this particular pursuit mission. A naval placform might
be directad to puraus and 1HCU:unpt.iaml othar platform (or forea) bofaro it
roachas some point; a unit in a barrior may be roquired to make dnteotionu and
intorcepts within a boundsd arca, ate, Note almo that apeoifyihy a turget
spuod makay capture distance eguatable to time over whioh pursult takes place.

La Riakance . .
Target tpaed w Pursuit Tima

Pursuit tine o dolfined provides an oquafly gonvenient porformance pavametar
for investigation of spaud and woapen range trade=offs in the pursuiv mission.
We lllustratue with an assumed uoonnrio.ln which an advanced nauval vehicloe is
assigned a mignion to intercept and atnnck,(o; posn a detorrlng throat to) a
surface !qrcl proceeding on u stendy course at 25 Rknots on soma unupooified
minoion. The initial meparation is 200 nm and tha targat courss is porpon-

Gloudes Lu €l Indtlad Laanding (0 = DO™), - .

Fiyure VI-4 indicates the nature of the tradolotﬂ for a potontlal puraver in
this sconario,

e nominel %0 « 60 nm rango of the Harpoqn surfac: -to-surface miuslle pro-
viduo a vonvonioent rofcrence for comparimons. A Also:.coment hull in currant
inventory would require about oight houra (at 30 knots) to reach a pouition
within llarpoon xange of the turgaet. An ativancod platform cupable of about 50
knots (and carrying tho snme waeapon) could do wo in luns than four hourn.,  Al-
tornatlvely, oquipping the eurront hull with a 110 nm missile wvould aluo vom-
pluoto tho purrult phare in about 4 hours,

Moure nignifiaant porhapm im tha indioation that the trade-off tonds to

bovome more favorablu Go weapon range improvomont as tho purmuit time roguiro-
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menta become more demanding (i.0., pursult time decreancs). A tws hour requires

ment. for a Harpoon eqalppud pllbfn&m digtates pursuit speede of ubout 75 knots,

‘This recquirement is aleo met with a 50 knot platform and a 110 nm misuile.

Whilo thim oxample is epacific, note that by proper scalipg some goneralis
sation is possible. By analogy, smimllar inferonces can bo drawn about sangor ranga
veraus platform spacd whore the minslon {s to achiovo and maintain a trailing

ponition on the pursues and the weapon range in analogous to trail maintenanca

rango of thin mansor.
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Plgura VI=l

Capturo hiatanco Vorsus

pursuar to Pursuoe 8pecd Rutlo for Various Initiat

Capture Lintanco
2.5

Travk Anglen .

Purspit Courno
Woupon Rangea + 0

Unit ol coapture
distance in the
soparation bo=
twoan vehleles at
thy wtart of
putnuit

1.0 2,0 3.0 1.0 5.0

Pursuor to Pursuce Spocd latio

Vi=Y




Figure VI=1

Captura Dhtnngo Vorpuus Pursuer To Purpues Bpend Ratio for Various Initial

i
|
!- Teack Angloy . R '
'f' % Purpose .
( ’ ‘ 'rhn. purpose of this graph im to show how capture distance varies with pue=- ‘
‘t } nhar to pursuee spoed ration for various #l;itlal track angles, The pursuer
g. , employs the pursuit courpe haétin. E -
T .
ﬁ; -% Dasis_for the Calculation
; f ‘ 'rhe.no turves are & plot of equation D-15, .
f ; , Por thia caloulatisn, the puvenas maintp’ng A ranebant sonran wnd apesd A ‘1
n i dous not manauver during the pursult, J 1
"f The capture distance displayed on the ordinate is oxprosmed am a multipla
! of the inltial soparation distance at the time pursuit biging, i.e., a capture
dlstance of 0.5 means the pursuse “ravaels a dintanco equal to one-half tha
initial noparation distanco before vaptnru occurs.
Yrineiplo Points .
1. ¥er a glven eapturo distahco, spoed ratie rroguiremonts becom» more
% stringent as 0 (the angle betweon pursuor's course and initial line of aight)
| e incroaias from 0% te 180°,
. 2. For all anglur, thero are diminishing returna as the speed ratio

inoroauen,

vI-10
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Figure Vi=2

Comparison of Capturo Distuncas for Purmuit Courue

Captura Distanca

and Constant Bearing intercapt

) Pursuit Couria SO —
Constant Boaring eeemememom
Intarcept
0 = 90°
2.0 Waapon Ranga = 0
' Unit of eaptura distance i the
| soparation betwean vehiolen at
\ tha start of pursuit
s \ |
1.0~
0.5
i A 1 i
0 1 2 3 4 5

Pursuer to Pursuaa Specd Ratlo
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Figura Vi-2

Comparigon of Capture Distanoces for burouit Coursa and Constant Rearing

Interoept.

urpos _ _
The purpose of this graph is to dinpldy the Aiffoxence in tha cuptira din-
tance function for the two basic pursuar tasvtios (pureuit gourse and ptaady

boaring intercept).

Bapin for the Caleulation ) ot

The pursuit curve is a plot of eguatien D-15 and tha cons tunt bearing cuxve
in A plot of wgquatien D-23, -

The capture distarce is ag dofined in Figure 1, L.¢r, it 18 a mnléipln of
the initlnl separation distance at yhu time pursult bhegins,

The pursuce does not manouver duripng pursuit.

Principal Polnty

. A capability to follow a steady bearing tactie (which may imply greator
demande on sensors or external data links) rasults in reducod spoed roguire-
ments for ths zsame capture distance. This difZorence ta groatant at a ppond
ratio of about 1.5,

2. Alternatively (and parhaps more significantly) in this n;mo rangoe

the oteady bearing tactie groatly reduces coptaere distance for any glvan spoed

ratio,

vi-12
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Actual cﬂpturc Distance Vorsus Pursusr to Pursuce
Bpead Ratio for Various Pursuor Woapon Rangon

Actual Capture Diptance (nm)

thitial Dotection Distance =
: 20 nm
0n90° . ) .
Purouit Course
=]
Woapon Range » 0 um
15 nm
) ) ] |
1 2 1 1 5

Pursuer to BPursuou Spoed Ratio
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’ ‘ Figure Vi-3

Aotual Capturae Distanue Versus Pursuor to Pursueo Spead
Ratio for Various Pursuer Weapon Ranges

Burposo
The purposs of this graph is to show the interrelationshlp betwaen pursuer
to pursune spoed ratios and capture distance for various woapon ranges in the

pursuit problem,

Basis for the Caloulation

This graph im a plot of equation D;19;

14¢ pursuer employs tha purmult cournas tuctié. Capture ocrurs when the
dimtance betwean pursuor and pursuea ecualu the pubsuer's weapon ranga: tho ao-
tual firing of the waapon is not considored (l.,e.,, tha flight time of the waapon

i takon Lo he zaro, tha woapon velouviuy ls taken bo be iulinited,

Prineipal Points

1. PFor weapon ranges losgs than half the initial soparation distance, the
Capturu Distance vermus Purmuer to Pursuco Bpeod Ratio curves ara asymptotic
at 1. If the weapon range is greater than hal” the initial separation distanco,
howover, tho asymptoto is shifted to tho loft, e.yg., the asymptote is avound
«?7 for a woeapon ranyge of 1% nm, Thua, if éhu woaponh range is greator than half
tho initial naparetion dlntaﬁcu, it is possiblo for tue pursuer to capturo tha

purnuna cvan though ho has a losser speed,

2, In tho case shown, in tho rogion of hige speed ratfos an increana in

woapon range allows for a largor roduction in rogquired npoed ratios.  For oxample

a npood ratlo of 4 is novensary Lo obtain a 5-mile capture dlstanee with goro

Vi-i4
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waapon rangay a l0-mile waapon ranya reduces tho requirement to about 2, and

The effact diminishen rapidly at

e 18=mile woapon rangn redicas it to 1.},

spocd ration below:1.5. A similar effect is noted for the constant buaring tao-

tio.
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Figure Vl-ﬂ

purguer Woapon Range Vorpus Pursuer Lo Purwuee
gpoed Rallo For Given Wime to Intercoept bursuoe

Puryuer Weapon Range (nm)

thitial Separation
histance = 300 tm
mitial Track anglo -
Angla D » 90°
burpneo speed @ 25 knots
1 200
smvemmees # Opbtimum Puvauit
- eme= w Btoady Dearing
Pursult
180
100
[ ]
50|~ [ 4 Hourk o
Intoreopt
0 1 ] |
1.0 2.0 3.0 4.0 5.0

Pursuar to Pursuco Spesid Ratio
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Figure vi 4

Pursuer Weapon Rangon Versus Purouey to Pursucee Spood Ratio for Given Tima

to Intoercept Pursuoa

Furposs
i Mhie flgure d1lust ates tho possible pursuar trade-offo botwaon his woeapon
é zanye uud'purauit apoed when the pursucr magt elone Lthe pursuce within a givon
i tima, '
! -
¢
) Banin for Caleulation
4 N
;‘ f In tho case dllunktrated, the optimum pursuit path {(nolid lines) iw onu which
% lien betwoon the pure pursuit tactle and the pure steady bearing tactic, This
¢
% path conpfsts of taking and meintaining a lead anyle which migiminnn tho npone
E . ratio requived to come within woapon rangs of the pursuse within the proreribed
[ ]
! ‘ time period. MThue, this puraver tactic malntains a stoady counrne hut not a
! staady bearing.
LN

For o kero woapon rango capability the distaners which the puroner must travel
in the specified tine du the hypedenase of o vight triangle of whieh one slde iy

tho initial peparation distance (D) and the other fs the produaet of thin apeelfied

time und the pursucets vpoed.  The yange of the porsaer s weapon pubtracts divectly

; from thin reqgquivement, Bo that

i

E Vp(. e \42 ;—(V‘,:'l'lﬂ).n - l(w

% whuro

‘ ! V’, m Pursuor's requlired ape U (knota)
. T Ve Purnuee'n opeed (In thos case 25 knotrn) '
i t = Pime to intercept (o)

vi-1/
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[ D = Initial soparation distanee (in this case 400 am)
‘ % RH w Jange of pursuec's weapron {hm)
g The dashed line for the twn hour reguirvement plots the same i?tormqtion
' . whare the pursuer uses tha puye nt;udy hanr}nq tactic, tn which, by definition
{for the avsumed 90" vrack angle) the minbimun pursuer to pursuce apeed ratio i
L
Nut_u.tlmt tho optimun tactic converges to the stondy bearing tactie am
’?. weron range abprnanhnn gava,  Note alno that tho optimun bactlo gonvorger with
the Initial slages of tho puve puranit tactic an weapon ranga approaches the
inftial moparation distance {an Lhe dntorscoetions of the setid lines indicat., an
Rw appraachas D, mwaller load anglen produce sarlior intorcopts at lowoey pursuer
f; spaed. ) 7

L

' . Prineipal Points

[ ]
. 1f tiwo to bitercept 05 ot evitdeal, {.0., timeg on thoe order of B

hourn arn acecptahle, then cmall fnereaces dn apecd ratio are equd vialent to

Targe changen dn weapon rauge, For caaeplo, tnetcasing the speod ratio from

A oto 1o ds eilvatent to o comceing the weagan vange peanivement s From 100

to 50 nw.

2, The trade-af ! becomes lean favorable to higho platforn apeeds whol
tima to Intereept {u short. A two hour reguicement with o 0 i woapon requlces o
o purpuer o purkuce speed ratlo of 30100 A 100 m weapon meots the same requives-

ment with a upesd ratio o 202,

I e
-
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c. PURBULT WITH INPRIMITTENT INFONMATTION 7 ‘
The pravious subsection has addrconnad tho caure whereln tho purswor has
agoess to consbant infoxrmation with respuct %o tho pursuse'n location. Howe .
over, pursuce informalion can he intermittent in nature.  An axample of nuch
& gano in a sonobuoy finld located in the opun ocean with tha capability to relay :

pursuoe locatlon dota to an information procesuaing centor,  Aftor interprotation
of the iéﬂormdtinn. the conter panges the information to a platform on alort and
vootors Lt voward fdentified ccordinaten, A surfaca ship or submarlne transit-
ing through the field would Lo detected by one or more buoyd. Unless the sensor
gndii overlap, gaps in Informatlon oceur. If o sorlos of buoys i trlgyored by
the intruding platform, coordluate information would be proceused and rolayed to
tho pursuit sohicle. PFor cach pices of apforiabion made avallablu, oiv dneur-
tainty of pursuee aces lecation in roduced to o valuo commensprato with the dnfor-
mation procoaning Limn, Bennor syslem agonracy and the npoed of the Ltarget,  the

following relationship cxompl it icon the abeve dinensaiont

LIS S U &

/ ! e W
b Vel VT "

whoro

l'l) e probabitity of detectdon by the purnaer

W nwath width of flicehd-of-view of Uhe paraaer o onboard gonnaon

8

A = Jocal Lon acenracy of The sonohuoy deloctjon

\Ip vovelocity of parsae

Vw'-' volocity of puirsiee

Do dnltial cepmat fon otance Gl the Cine of Informat fon rocelpt)

Vi-19
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é : T” = {ntorpratation time (timo roquired by processing center te recelva,
! interprot and relay information to pursuil plal.form)
§
! ’ .
T{ . Tho avea of purmuee uncortalnly (A), asnuning porfeat initial sunohuoy
R R - . R kt
{ location, is a clrale of radlun Vp. t whara: ) |
i
} t « Ldima trom sonobuoy datection until pursuar raceivan another
‘ update or comploteas his soareh, '
EX .
l ' L= »EL oy . . i
i v]_t B .
) d = distance pursvor travels before a now updato or until completing
~; the rRearch,
’§ : In the followinyg analynis ), Wau akpumod to by vero. '
S -
o ! An the magnitude of A ls incraased, the probabllity of the pursuit platform
‘; % dutecling Lhe puvauas ow a flvat pansz 1o rodusad. Tn other waedes the pivends ’ﬁ
i H 1 * h
3 { phane bocomea lenn lkely to avolve dlrectly into attuck. Anudnterin search
; '
‘ will bo roquired.  Thus, an incroaso in parsvee spend netn to decroane Vnn 1
: and an increanc in pursuor spood doos the oppouafto, 1t thon remaing to be dotoc-
; mined £ VP anel vr, Impact upon sther terms in Lho proporlional ty,
g
The accuraecy paramnbtor, A, {o a4 function of the information dorived from
tha nonobuoy syntom. v~1nui116n probably will not tuflusnce this parameter sinco
f ! it du Snhoront Lo pensor tochnology, rathor than purnuce charvactordstlics,  Howe
| f
H uver, ag phown in Hection 0, HRARCH, sennor pwath wiedth, wB, in u functlon of
i
: Vp. for an acauntic sannar, Additdonally, an increase in Vv. vould ronult in
\ . moro froguent upklaton by the nonobuaoy fiold,
T Provided Chat a command, control and communicat fon (03) uyntom nxiatn whiah
i
| pormith tha roday of updatad fnformation n near real=tlea, Lho value of b, tho
)
¥ V120
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dintance from pursuer to putsues, fs periodically roduced, Thun, adedit fonal

g intelligenca has much the same impact an inereased pursuer spousd,
: The following nofquonce of twe Figuros and discusnlon shovn uema intor-
rnlated effects of themo duteotion systoms parametors and the rolptive velooltios, .
‘,
1
;| i
|
i
i
' \
' \
i ! )

A T TR P gt L,

vi-21




i
L
{

Lomest

o I sy S

S, ———

rlgure VI

Impact of Swath Width and Specd Ration on the Probability of beteetion

Probability of Dotection

1:(
Hoparation Dlstanco at tima
of luaot updato =« 50 ni
Nln
s
Bwath /
A wiae -
abnm
a2
10nm
Snm
1 A | |
0 1.0 2,0 a0 4.0 f,
tursuar to Purnves Spood Rt Lo
V1-92
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* Figume V14

Impact of Swalh Width and Spoed Ratis on the Probability of beoteation

P\I!‘pﬂﬂﬂ
This flgure shows the trade-offl botveon the dutection rango capability of a

i
pureuer's on-hoard ponsoy and incroascd pursuor spood,

Basip for the Caloulation . _ "
Thia ia o plot of squation h-33. . o

Tho buzuuar roonives intermittont informalicn on thy lucation of the pur nune
and ocloson the lant known ponition. Ap he doos so, tho aven of uncertainty growa
as a funarion of thoe mpndd of the pursuce and the time recquirod for the pursuox
to reach this pouition (thie time, in tuen, inareasvs with the initial sopara-
tion distanco and decreases witlh the pursuer's epoad),

Thin ninple cane asnunng o seonaor oyotem for Lthe purtuiey whitel hap o uunﬂtuﬁl
pwath width, Tho probabdlity of detection within thin swath 1o one.  outnlac,
it du revo (oo, o "Cooklu-Cutter"),  The pursuer cuts g npwath through the area
of unaertainty, and in datng so pasney through the tasl known potition of tho

purnuec.  Purnudt torminatan when the pursuom comploten o swath,

The avon of woertalnty grovs from the foGmb of tho Tant apdate antddl the
complat fon of the tiret panu, Thoreforwe, the probabil ity of detection varien
Alroutly with pursuor's speed and sensor swath width and {nvernely with purnuoets

ppeod and tho inftial soparation distancn,

vi-22 .
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Prinaipal Pointa

Large incromental incroanas can be noted for the first pans probabllity of
detection by tho pursuer as the sennor swath width ie increased.  lowevor, an in-
oraacced nsearch speed ip interchaégcablc in effact. For examplo, & mspoed ;utio of
3.0 an ecombination with a 10 nm pwath width results in the same probability of
daheoiion_aa a 25 nm swath width and a veloclty ratio of about one.

of Fnrtinular intorest is the relative slopes of the throe example curvey
lﬁown. ht wider swath widtha, any positive increment of pursuer to pursuce spead
ratlo produces a greater increase in detection probability than the same speed
inoranent at narrower swath speoeds. This illuutraiqn the intordopundence betweon

the utdlity of speed and othar important parameters.
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Figure VI=-6

Interraction of Parametors of Intormittient Information tlodel

Probabilit

Swath Width

10 nm o cmr————

25 1M W o o -

Pursugr to Pursueg
N\ 8peed hailo

|2_

J
] 50 A Lo 1e

1
0 B

soparation Distance at Last updata tn)
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Plgure VI-6

Interaction of Parametors in the Intermittent Informhtion Model

Purpons
. This figure dispalys the effe~t of changing the timaliness of information
available to the puinuer as a function of nnﬁnar Qwauh width and spuod ratlos,
Timelineso of infu:mﬂtiﬁn rofers to the number of updaton during a purwuit or

effectively the aistance from pursuay o purmuen at tha time of lamt updata,

Bunin for tha Calwulation

This 18 a plot of eguabtiua 533,
This figure

The ealaulations have the same baain ab those In Pigures VI-S,

highlighta the detaction probability an = funchtion of ssparation distance at

Jast update,

Principal I'oints
1. 'The inpact of roducing tho intorval betwoon updates 4n depicted by tha

curves of Flguro Vi-6. For tho eonditionns of a 10 nm nwath width and a npeud

ratlo of 4, 4 reduction in puparation dlutance from 100 nm to 50 i Lucroason

tha prubability of detnation from 0,24 to 0,40. Honce improved speed, swath
width and information level cambine (o increane tho dotoction probabflitiex,

Cortain mintimun roquiremontn appoar nocownary ror woch of tho three paramotovs,
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D, BPRINT=DRIFT PURSUIT

An additional example of pursult with intermtttnnt information is tﬁat of a
pursuer who ﬁuat upe aprint-drift tacticp to clnﬁa o pursucs. An exnmploliu a
high spaed ASW ship pursulng a high spoed aubmafinn. gprint-arift tactios bacoma
nacessary whan the gonsor i{s acouatic and the overall npaaén'nkeand‘the maximum
apued at vhich the sonsor is offactive.

whe.purauor“alﬁlyn nprinhi.to thé lant: known pouition'ot the submarina,

The justification for thim is that thp'lubmarine may pelect any courso aftarrhu
has been detected, and tharofore Lt doas not hOantt the pursuar to anticipate

the submarina's new course.

Tha time botween adjecont drift-listen periods decreases ad the pursuor

v

K114 clonot to his quarry ana a limit ot convergonca in reached whon thoe ground

qainaé whilae sprinting bntwo;n drift periods equalm that lost wﬂilu actually
listening. This is due to the fact that tho nubmnrino'nlwuyn travels a limiting
distance eoqual to the product of hic speed and the purauer drift-liston time)
the limit of converganco in tho timo to sprint this discance plus tho drift liase
ten time. . .

Uninq thene two hamsie inputn, an exprasslon can be derived vhich chablan the
peparation dlatance to o detarmined by an {toralive procass for cach suceconsive
poriod, and from thlg a reparation diutance hintory ean e plotted,

A spacific example has heen calculated and in shown as Figure vi=7,

Appundix D containeg a dlncusnion of the bauice {terative procesn.
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Flgure VI-?

Closing Distance Vorsuu Elapsod Tima for Various Target
Speads Whon Pursucr Usas Sprint-Drift Tautics

Closing Dimtanco (nm)

.

50"
Inftial Dotoction = 80 nm
Eprint. Bpood = 60 knots
Drift Time = 0.3 hours

40

30 .

. .
. 0 pre . \—‘- o
Target Bpacd = 30
hnota
o = Tarqut Spoed » 20 knots
0 L [l 1 |
0 2 4 G a 10

"Blapued Timu (hr)
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: ) Figure vVI-7

Cloning biatanca Veorsun Elapsod Timoe for Various Targat Speeds Whan Pursuar

b : Unos Bpriﬁu-nriuu Taoticn

. Puxposn ' _ L .o , . .
.. Tho purpose of this yraph is to show the effect of intermivtent information : ,
e - : (in the form of a speint=drlft bursuit) on closing a targot, 2 |

Bagin for the Calculution

The mathodology fpr caloulating tha curves displayod: on thin graph ims din-

cumssed in Appendix D on padgen D-10 and D-11, nasically, it in an dterativa pro-

;a : casn wharoin cach value of olosing discance in depamdent on the pravious clapoed i
'? g' ‘ timo and uvarget mpeod,

? At goma initinl timo, ty tho puruuer dotectn a targot at an initial 1
L: : dintence, R, which can be equal to or less than his datectlon ranga. Ho than

4
pprinty to this datum st o given aprint apeod, Vp‘ During tho sprint and deift

intarval, the targoet han moved a distanca Rl whioh Jo agual to the produclt of s
spead (Vp') and tho olapased time, t. The pursuor npow aprints a distance Il'l
to tha new dalum, and the procenn ip ropeated until tha pursuar reachos his

limiting ¢loning distance, whove Ry o= unal approachul wero,

Phin process can bo viewsd an s modified form of pursuit since tha purmuaor

e T e e BB,

procaedn tu the point of uhe last known position of tho targout am opponod to

hoading toward tho actuwal target posilion as in the eano of pure purauit.
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' Frinoipal Points .

@ 1, For a givan dataction Eupnbtlity and nprint spaad, thore is a limiting

distance to whioh the pursuer can close the target, This distance is dependent

on the target mpaed, i.a. tha limiting distanca lnaréaaau with inoreasing target

apeed. -

. ' This implies that the pursuor must have & wespon rango ogual ﬁé or qroater i

= ‘ . than his limiting dintance, or a mecondary sensor which allows continuoua

o a;qii-in.puiluih.

s tgrerd o Seengye T
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E. BUMMARY AND CONCLUSTONS

There aro two baaia pursult tactics:

8 Tho “pursuit ourve" whervin the pursuer always heads directly for the
target and at some point bufore capture onds.in a stery chape, .
® ThHo “utendy baaring” whorain the pursuny oomputes an intercept load
angla, follows thie path and capturas at a prodicted point.
. : Given naourntn-pcodidtion, the steady boaring tactie lu mora ;tficient but
both reguire pursuor to pursuce speed ratiows of ahout 1.5 6r mora. ‘The marginal
return for npaud-ruﬁioa groator than 3.0 is nma;l. '

fho purnuer ean gubntitute incroasad waapon ranga Lor & higher pursuit
wpood ratio whan the objeoct of pursult im attnck. The tra?o-ott becomes morae '
favorable to increased woapon rango an time available to capturs is roduced,

Whon the pur-uui hae intormittent iﬁformation, the arca 6! unhcertainty of
tha pursueu's Locatxon.ﬁrowu as the product of the pursice spaed and the time
linco‘thn last look. Thus, ;hﬂro is a trade-off botween inoraaxing tae pursuee's
apecd and increaning hin swath width of datection, Thérm is also a much groater
maryginal gain from fncreasing both speed and swath width,

In tho nprint-deift form of intermittont pursult, thero s a mindmun
apsured range to the pursues which a pursuer can achinsve, Thj; is due to tho
fact thot the purpuca can move in any direction duriny tha sprint porlod of tha

pursuar. 1In order Lo canture, tho pursner muine noasess e thor a secondary aennne '

which eperate:. ducing sprdnt or a weabon range areater than this minimur asoured

ranga. -
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SECTION Vil.  NPFPACK AND COUNTERATTACK

; A.  GENERML
This section addrossas the impact of mpeed oﬁ the potontial outcoma of en-

gaging naval platforms,

Attack 18 a result of a poquonce of events boginning with detection of an
! . enemy targat, Following detection, the targat is pursued by an-alearted platform

until their separation distanco has buen reducod to an estimabted or measurad mag~

nitude. 1If the initlal target location error and the lnterval batween updating

o s 7T

of target position informalion wern sulficient to cause uncortalnty in final tar
got location, a soarch would have to be ciecuted at the termination of pursuit. :
The meurch would continue until tho targot had been rodotocted or the pursuit

vohicle had reached itn limit of ohduranec. Whan search is roquirod, the attack

. ; . phace e azzamed o he dndedaved ot the dnctant of pecondary detoctlon, Other-

wise, attack ix agsumed to hadin whon the distance batwean platforma is oquiva-

lent to the range of the pursuer's on board woapons,

Praparation for targnt escape in the form of countorattack bagins whan the

target is initially alerted to an approaching platform. ‘ho actual counter-
| attack, of courss, cannot bogin until the distance botween plal forms has beou
reduced to tha initial targot's woapon ranfgo,
Another form of escapo is avoldance by employing a speod advantago with
roupoct to a pursuer or by means of uslng apeed Lo mahouvoer. N manouver might

be used cithor to confiine the enemy platform or to avold a luuqchud woapon,

poe tion,

. In ity moesl nimplo form, the tactic of attack/countorattack may bo viowed

EBuoapo by mancuver and avoidanco {n addreswed in Lho "Manouver dénhd Avoldanco”
v .
'
!
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in varmu of two comgoting platforms, cach ponncssing an on-board survelllanco
gystom or communlcation accesn to o remoto syntem,  Inherant Lo oach platform in

a voapon snyatem mpoeifiad by a maximum ranga, a lothal radius of tha warhead, a

. —— T

maximum G-forca (avcoleration) whioh the weapon can sustain, and a minimum woa=-

pon mystem rasponse timo, Roesponso tiwme includes thn minimum time interval

. ; ' :oquired.£or all ovants batween dotection and weapon launch, &.e., Antorptetation

of information, updates of target position and weapon set-up qnd tiring, Tho |

travel time of the Qanpon from firing to datenation might alao be.considored,

The pounibility of maneuvers to avold a launchod weapon ie considared in the

3 . section on maneuvers, 'Thus, {n this weotion, the megaure &f -i!abtivcnunl'uiod ' :
i is tho relative positioning of the competing platforms such that a weapon oan

ba fired by at laeast one of them and contain the othaey within i{ts maximum range.

The firet plaﬁform to accomplish this advantage is assumsd to have won the en-

ceuntar, No attompt {o made to aoznan weagon effects (which are nok germane o i
: this analyein). ' .
| : 1
i
!
-
[ ]
’ 1}
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|
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B ATTACK AGATNST AN UNESCORTED TARGET

tha intoraction under consideration is botwoon two opposing platforms gach
supported by {tn own surveillance symtem, intdrnal or axternal, KEither one of
the ayntemn excoeds tho othor with respect to ranga or thay ara.equal 1ﬁ oapa-
bility, The.plutform with tha inflerior detection system im initlally considorsd
as tha targoet which lator might attempt a countorattack. To fnni;itntu the dig-
cueaion, tho initial attacker ie referrod to as Red and tﬁe iﬁitini énrqnt i

called Bluo, Tt is asmsuned that tho arca of operation is largs whon comparoed

. te the survelllance rnnﬁou of both Red and Blue. Thus, the benafits of greate:

detection capability can be fully utilized. A!ger dotection of Blue, Red mlqht
deoida to praparo to altagk or to avoid ongagament:, such‘a decipion will be
affacted by the rolative weapon capabilities and speed ratios of the platforms.
Thus, the proper balanuo of plntro:ﬁ npeﬁd, weapon radius and deteotion range
can Provida & commander Lhclchoicu of angayging or not engaging.

A decinion tree ¢an he conatructed for the potential attacker basod upon

hls bheot ontimaton of anomy uupibillty. The paramctors conujdered aro shown in

Tahle VIir-l,

Vil-3
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Table VI1-1

{ % . Attuck/eountcznttaok 8ystum Parametorns
. i )
: ¢
1ok Rod Blua
) .
-f i Burvaillange Range Ry . * Ry
r ; ' ' 1 2 .
1 i Woapon Ranga Ry Ry
i i 7 1 X 2 oo
Do latform Velocity Aftor Vl lv, B
i Target Detoction N
b Woapon Rosponse Time ' T ) T, :
i Meanuxud from Turget 1 2
i bateotion to Waapon
Launch
' Tables Vil-2a and Vii-2b list the outeomes of onwountars under the condi-
tions indicatod. Table Vii-2a includes the cases where Dlua haw the greater :
} ) wanpaAn randges Mahkls "ff~7h, thece where Bed has tho waapoo sanye udvaniage. in ¢
both tablew, ”A im tho prnbaﬁility of Rod firing a potentially destruotive woapon
1 ' at Blua priot to or mimultancously with a countorfiring by the taryet. The term
! }
" : P" is nsimilarly definod for counturattack by Blue. Note that even though Blun
may not have detoctod tho Rad platform, it does not necosmarily mean that he is

complotely holpless. Undor pome olroumstances, it might ho possible Lo obiorva

the courso of a lauhched woapon and earry out avoidance manouvers prior to deton-

ation.

The aimpleat case oeccurs whon Blue's surveillance rango o loms than both

the purveillanco range and weapon range of Rod, Thus, far the cenditions

R, » R »
P By B, and “wl “wa
i it follown that,
. Pp=1 (1)
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Table VII-2a

Covatet ConWtions and Delerministic Ronultn
{(Rlue Weapon Range in Groataor)

Gonaral Conditions: Rg > Rg 2 Ry 2 “wl . -
1 F] 2

i Cage 1 - Bpecinl Conditions: tnoo 3 = Spacinl Condltionst N ‘
17V Vi* Yy i
R - m Ca - :
i hod vespon , %2~ M1 . T\ ‘ '..a_a._..‘._.nil. L T ;
§ Flight Time Vg - Yy 2 A 3 ;
?é Romulte’ Py 1, Ppeo - _ ~Ropults) Py 01 Py l.' 9 . 5

Case 2 = Spoviul Conditions Cana 4 - Bpealal Conditions:

Vl »V . V1 g V2

Red Weapon “2 R Ramultn: I =D w0,
) AR
) rlighy wime vy - V: Wy :

s e e gt
B e ot T S RPN
X
=

or Ph‘ Put b

Romsulte pk " p“ w1, or D ~ P w0

e - — OOl Ln S = 1 e S - @ e —bmdbie

Table VI1-2b

. Conflict Conditions and hotorminintic Rosults
(Rud Woapon Rango In Greator)

Goneral Conditionn: R, > R » ¥ >
: A1 B l“1 n"’a
i Cana &5 - Bpocial Conditiona: Cany 6 - fipoeial Conditlonn:
* V. > v v
17 Va 13V
i}' Ronults) pA' 1 ana P“ w () Ropulls, th 0 and Pum 1, 0
VII-b
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More interenting capen ovolve when the weapon range of Red 4s lesn thon the
purvelllance range of Mue.  When this occurn, the conditlons in Tableos VIT-2a
and VIi-2b may apply am! both partlen entuer inte tha dacinion proveas,

The discussion of Tabln VIt=2a bagins with Caso 1. An tho gontral condi~
tloni indicate, the potential attacker im either at a weapon range, dinadvnhtaqa,
or, at hust, oequality (i.n,, “wls Mwa), Howovar, tha attacker is capablo of a
grontoy platform speed. It in awvsuned for this analyels that the doteution range
eapability of cauh nystem in groater than or equal to Lts wénpoﬁ ranéo. In other

wordas, ovon if a weapon could travel boyond the maximum detection range of the

N ) .
. ystam, 1t would not ba launchad beosuse of & laok of tagyet information,

Aﬂppr rolative dotection ranged, waapon rahgws and spoeds have boen de-

fined, the final parametor to be contidared is the targot weapon rosponse time.

binve tho fnftis) utlacker in ab & weapon range dinadvantage, he must rely upon

specd in ordor tu carry out & muocossful attack., Red must position himmelf withe
do he wdiela O waxiiown cnpmy weapon rangoe i order to comuence fleing,  The

time availabtle to acoo plish nush a popttion { dofined in Mabla VIi-2a, Cane 1,

to he: '
n, =1
_'.i.?.,-ﬂ..?_’.. (2)
Vi =V,

The distance depleted in tho numaralor of tho above terms is tha diffareonco
hatweon the makimur dotection range of Blue and tho wea b rango of hod,  The
donaminator s Lhe volocily difforenco of the placforma,  Thia aimplo form

helds only after both platforms have detected, Prior to a Blue counturdotect Lon,
Rod will he ¢loning on Rlue uning a pursult or conntant hvnrinq_cournn, and

tho rolative volocity iu more complox.  Thepe tactics aro discunsed in the
pursudt pection,  lHowever, aftor Ked dn countordotacted, 1t in anpumod that Nae
chooson a courno diroctly away from ftod,  Subnoguent to thin maneuver, the

relative velooity adaplifion to the denominator shown In equation (2),

viI-g




Avoidance mancuvers to rednee weapon accuracy wonld again gonegate an angnlar

compunant. in the relutive voelocity exprossion,  However, diflorent cunditions
exist., Rod hag fired, Discuasionn of thiy wltuation is contained in the

manouvaer and avoldance noction,

In Casa 2, tho time rogquired for thoe attacker to firc in aquivalont to enemy
weapon responsa timo., ‘The outuomo for this sot of ¢/reumntansen is o ﬁtandotf.
The platform capableo of the greatest surveillanco rango decidos whothor PA and
Py aro equal to ono (1) or zere (0), If it 1= declded to attack, tha target is
capable of succesful countorattack. Thua, such a decinlon would ba dominated by
othor connsidorations, €.g9., 1f Red assesaed the targat to ho of greater value
than his platform or if the weapon nyétcmn wara not of oqual capability., If Red
annassed hin weapon to bo moro reliable and lethal than that of the onowy, he
might attack even though he would incur retaliation,

Nerdcdnd 4n froa 2 de A attnardon whorehy Red'r unlocity advantacge {8 not
adoqudtu .o bring about favorablae rosults., Tf the actack doon ocour, a succons-
ful countorattack will renull and Pu = 1. Howover, if Red {p rational, he will
avoid an cncounter with the doteeted cnemy snd both PA and vn will oqual rero (0).
Caso 4 depicty a hopelens clreamatanee for ked, e doos not posusesn a velocity
advantagoe Lo compensatn for interior weaponn.  Thun, his only alternat lve s to
datect tha cncmy with hin superior range surveildlance syntem and to continue to
aveld him.  Any encounter will rosult in an advantage to Rluo,

Cape b in Tablu VILI=2b prescatn the conditionn of engagemont which greatly
favor Red. MHe possenssen a survedllanee range, weapon range and voeloci ty advan-
tage over RBlue. Thus, Ked can always initiate an attack at hisg dincerotlon,

Cata O in Table V11-Zh in the remaining pet of conditions to be considovad,

fiinco tha potential target platforin hay a ppeed advoantage and a surveillance rongo

vVii-7




cwebablidty (1)
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R T LT

groa' or than Red's weapon range, ho will probably chaoone te avoid the enemy by

outdintancing him.,  Any cncounter will result in an advantage for Red,
The rosults thown in Table VII-2a and in Table VII-2b can be consolidatad
into the simplifiod diagram of Figure vII-1,

Fiyure V1I-l

Impnct of Speed Ratiom
on tha Probability of Attack

M Attuck e TR N
\
\
|
$ R
-| )\?1 S2
' ..
|
0 } ! .
' 1.0 .
v, /N,

Bpood Ratio

In summary, an the nolid line shown, whenevoer Red's weapon rango axcoeeds
Blun's detoction rangu (Rwl > Rsz), for all speed ratios, the probability of
attack by Red is wanity. When Red's woapon ranae o lest thon Blue's detection
range and {he Red to Blun spoed ratlo is leas than one, Kluce can alwayn avold
(L.c., PA w 0), At some Red to Bluo spoed ratlo (Vl/vz) greator than one, Red
can clono and attack. The wpecific value deponds on other parametoers,  The pro-
banility of Red attack dependos on relative weapon capabilition and the other
fuctors previounly inddcated, ]

Figure VIT=2 illuntraton an oxample in which an attackar can use n spoed
advantayoe to compennate for an inferior weapon, 1n this case, Rod usod the in-

torval of Blue's weapon renponoe time to attempt to close at high spocd and

luunch his awn weapon prior to Blue's weapoh launch,
vii-8




{
I
)
i

Figure VII=2

Impact of Relative 8poed and
Byntom Rangas oh Weapon Responso Time

Weapon Ramponsn Time (hr)

b
0.6p
016_ .
Tarqet Survelllance Range (Ra )
2
. « Attacker Woapon Range(R, )
0.4} 1
s 20 nm
0.2,
0 1 | 1 I
0 20 10 o a0 100
Roguired Attacker Spoed Mlvant age
(Knot 1)
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Flgure VIl-2

Impact of Rolatlve Speod and
gSystain Rangas on Woapon Responsa Time

Purpone
, To show the dogreo to which an attacker's npecd advantaga can compensate

for an inforior wenpon range whenever the target's wuapon rosponte time is
' groator than gero. : oo .

‘ Basin for Calculation

The time available for a potoential target to countorattack im a ratio of

spocific uymtom ranges to relative speedn as shown in the following aquation:

Rg . Ry

oS i

Vl - V2

{ wharat

T = Wpapon response time of initial tarjoet (Blue)
Raz v Detection range of initial target (Blua)

Rwl = Woapon ranye of attacker (lod) :
V1 = Velocily of attacker (led)

Vy = Vulcity of inftial targot (Bluo)

Asnumpt. {ony

«w The attacker (Kod) detoction range oxceodn the initial target (Kluc)

detectinn range (d.e., R, > R, ),
81 82
== Biug woapon rahgo oxcoods Red weapon vange ({.o., Nw > Hw ).
H 1

Red denires Lo deliver a lothal woeapon aqainst Blue. lowever, because

Ned's weoapon range du less than Blue's, led must prepare for lawnch and thon
drive to a position innide hin maxlmum weapon range bofore Hlue counterattack,

A Blue detecty Ked at a range R, and munt respond or counternttack prior tu tho
b
time that Red clowen to within Ry nautical milus,
1
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principal Polints

1. PFigura VI1I-2 phows that for the case whore Blue's detaction systam oxoesds
Red's woapon ranga by 20 nm, a Red velocity advantage as groat as 100 knotn still
permits succesnful counterattack by Blue i{f Blue's waapon :nlponu? timo is lans
than 0.2 hours or 12 minutos. Modern tactical wuﬁpnn syntoms have much shortar
response timos. _ l

2. for losnnr range difforoncos (Rs2 - n"x # 4 nm), a relative veloclity of 100
knota limity Bluo's waapon rospohse tima to 3 minutes for successful counter=
attack. This valua also might be more than adaquato for a tactical woapon,

3. The third vase wherchy R, - Rw = 1 o resulte In a maximum woapon responso

2 1
tima of approximately ona minute, whan tad'e vuloéity advantage is 40 knots or

d

greator, Thun, it can be soen ﬁﬁat a ppeod advantage must be large in order

to ensure tha firat shot unlens tho dotaction range of tho Lnitial targol and

the attacher usapen range sve nenrly comparshie. It might he yonrsnabilo to
ansume that a groator payoff results from Improving woapon rnngnh than from in-
oreasing platform spesd, However; after waapon launch, mpeed may bo vary advanta=
geoun in degrading onomy woapon accuracy. This application of speed in attack

I8 addromsed in the following section on manouver and avoldance,
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¢, ATTACK AGAINST AN LSCONTED TARGET

An interception uncenario incorporating an escort platform was addressed in
the section on Convoy, A uimilar'aituation in conaiderod in thie subnoction,
omphanizing the genoral parameators of attack nnd countarattack.

Figura VII-] phowa the goometry of tho throe platforms involved, Initially,
an attackor (Red) detocts a primary target and makes an approach for waapon
luunch, The primary target is oscortod by a dofonaive platform which im omployed
for counter detovation and defonse. To groatly saimplify tho analyeis, it im
iﬂiuﬁed that Rod approaches from a direction directly opponite the sscort vshiocloe
(L.e., points roprosonting attacker, targot and estort aro located on the same
Jine). At the momant of counter dutnoﬁion. the target turns diruetly away from
Red;, toward the escort vohiela. ‘The cscort simultancounly apueds directly toward
Red, .

Bortinont paramotors are listwa 4n Tabie VII-J,
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Plgure VII-3

Goometry for Escort Intercapt of Attackar

ttackay

/ ‘-—/-u— N\\\
/ \

/lM:tnckor \
\\ P Heapon Radium

N\

Bucort
Waapon
Radiws

Encort /
N~

Radiun

\\ - //

\'--./

————

(D w Initial separation diptuance batweun convoy and otcort)
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Table VII~3

Paramators for tho Interooptien Soenario

R:D
Spoed V1
R
Weapon Radiue wl
Tlme interval between counterdetaction .
ar) yvoadinoun to launch LI\
i
§, Esgort surveillance range
{ Dimtance batween Eeeort and Convoy ab
| time af dntenting of Red
;.
& |
Distancs travoled by Rod from time ho in
counturdetected until ha oan launch hiw
waapon xl
i
]
i
Do
i
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Uaing the parameters of Table VIT=3, the distance (xl) travalnd by Rod from
.

tho point of countuerdetection to potontial weapon launch io:

X, m R, = - D+ Vy T (3)
1 B, "wl 2 Wy )
and, sinco x1 » vl-Twlu
“53 B uwl bV, qwl . .
Ty " (4)
b} Vl
or Ry =R, =D
8 ’
L 3 4 : () .
1 vy - A\l

A correaponding calcualtion for X3, the distance travealed by the esvort vehiele

from tha time of counteydotaection to potontial weapon launch against Red, le:

X. =R -[n “ Ry =D+ ] (R
3 8, By "wl : T,
It follows that:

T ow R -[1\ - ~n+v'r]- ]
W, " Moy By ”wl. 2 T, | R,

or Rw + D~ Rw
Ta, ”'"\li'”i'_v“ — )
3 2 3
Table V11-4 shown rolative conditions of T nne Tw and correaponding
1 k}

rowulty of potential oncounterw,
The rexaltu are aimplo din that, {f Red requiren longer to position himgelf
for launch thun doas tho ewncort, attoack will fadl (Cawo 1), A lomsor time roqulve-

ment romultn in succossful attack {Case 3). From the agquations depleling Tyy, and

Tw y rolative spoed can be veon to dmpact upon the potontlal resuwlts, lowevar, sono
3

situationy oxiul whon ppeod has little dmpact, Those van bo delormlinoed by obsorv-
ing equations (5) and (6),
Vii-1%
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, Cane 1)

Conditiont

Rapult
Ph LY
Case 21

Condition:

T« T

Ramsuitt

Table VII-4

Conditions and Reaulta of
Interception Beenario

R, =R, =D +D-
5y ”“.1 Ry My

or = = >
VAR EAL

y o=, 0

puoll'v-OQl

A

Cabo 31

Condition:

TW . tjlw

} b
i Reopult:

! . PA nl

3

R
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Tho pumcrator of equation (5) hecomes negative whion:

1 » R, =D
Wy 7 ey (9

This implies that, when the woapon range of Rod oxceodn the survelllanco
capability of Blue, a muccosnful attack can be oxnoutod, regardlass of the

relutive specds of the throe platforms of intarest,

The numarator of odquation (8) bocomas negative whani
> |} + D
NJ ‘wl {10)

Thus, given that Ry 2 R, , & pueconsful defonso can be varried out when
3

oonditionn of cquation (10) apply, regardloss of relative spoods,

one furthar obsorvation is noted from squation (8). If vy i greater than

Vl , tha targel can alwoys oscape from Red, glven that RB - Db> Nwl.
3

Thus. thore anre many sltuations where speed ean influence the outcomy of
attadk - euntoravcpck scenarios, OLhar parametorn such as woapony and sur<
veillunco systomn arn equally important and the utility of wpeod should bo

congldered in thia contuxt.
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D. BUMMARY ARD CONCLESTONS

This soction inftially constdered the general attacks counterattack scenario,
identifying the putontial relationghips among the varioun paramators.

in Subacction ¥, NPTACK AGAINST AN UNRACORTED TARGET, the ono-on-ono pitua=-

tion was dincunsod,

Thora are four important varlables for ecach platform (targat and attackey)
which impact on tho outcoma of attuck and counterattack, Of courua; npaad of
each platform is the primacy one undor conasideration.  The othoers érn, for cach
platform, survolllonce range (lneludas extornal nourcon), woapoh range and
weapon responoo time (moaoured [rom detoection to weapon launch), Soveral cases,
thon, are ralavant.

Cane I, Attackor nurvelllance rango and woaponh rango ;rc both greator than
tho targot's murvaillance rango. Tn this case, #peed {o irvelovant, The out-
come in simpla,  divon dotoction, the attacker can always attack tho target.

The Largot never han the opportunity to counteratiack or cvada,

Casae 11, M';'nuknr woanen ru'nqn in 1own than tha Llnruc'tt wuapeon rango, and
additionnlly,

(1) Cane 11=1, the targot survalllance range Ylos botweon Lhe atlacker's
nurvelllance ranga and attachoer'n weapon range,  In Caue T1=1, when tho attackoer's
ppeud 1o greater Lthan the target npeod, the ooteome depomdn on the Lavgol's roe

spotsa time,

The vmagemont conaslsn of the attacker dotee' ing {or roceiving knowledge
of) the target and cloalng the range to the targety bhut the target counterdetoctn

the attaokar bofore the atlacker 4o Inoa position to launch hio weapsn,  The tar-
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get then toans away hirom the attacker and prepares to countorattack, an operation
whith takes some timez,  1n Che meantime, *he attacker conptinues Lo close the dig=
tance until it rosches woapen range. For simplisity of description, weapon
flight times ara consjdored to be zero.

Whon the distancc-apeod ralations are such that the tima to ;lonn this
d!atance in less than the tarqget rosponse time, tho attacker always nttneké
and the target doen.not, . .

When the time to close 1n equal vo tha target rosponsoe time, the attacker
may choose to broak off the attack, in which case the target nevor has the op-
portunity tu do so {i.c., neither actacks) or the attacker attacks and the target
aluo attacks.

Lantly, w_lu:n the time is greater than the target rasponse time, the attacker
ghould bLroak of f his "attack"; otherwlse, the targoet nay choose to countorattack
gy 44 pay bverb wFF bhos abtare

l(2) Caue I1-2, The Lﬂf‘Jct sipoed 10 greator than the nt;t‘ackc-.!r gpead.  In
thin cauc, the attacker detoects and, as bofor:, the target counterdetectn bo-
fora the attacker reaches it woeopon range. At this point the target can turn
away and opnh or malutaly range in a "Moxtcan stand-of " or the tarvget might
choose to allow the ronge Lo elose furdher (even helping it) snd ongane tha
attackoer.

Case 117, The attacker's survelllance range and weiapon range are aach
greator that the targol's corresponding parametorn, and the tarqget surveillance
roange ds greater than the attacker s weapon range. 1 the attacker's speed dn
alno groeater than the taiget speed, the attacker always attacks and tho targot
nover has the opportunity to countorattack. 10, finally, the target's apeed
1o grecter than attueker's epeed, the terget will probably choose to avefd engage-

mont.,
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In any of the above caser, when one player has the option to engage the
othor and, by no doing, allow a counterattack, it will choose to do &0 on tha
basis of factors othar than thone connidered herain (e.q., rolative worth of
the two forcas). ) .

Bubsoction C, ATTACK AGAINST AN LSCORTLED TARGET, addrosses the cane of a
gonvoy omcorl (Bluc) prosacuting a counterattack against Red, who is attempting
to attack a convoy ship. Timoly counterattack by the aaco?t 1; found to depend
on initial geomotry, rclative detoction ranges and weapon ranges as well as on

rolative mpeed capabilitioes,
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{ : SECTION VIII. MANEUVER AND AVOIDANCE

A, GENERAL

In this dincussion a manouvor is defined as any tactic that io ompluyoql

by a naval platform which in dosigned to favorably alter the potential outcomo

of any offanoivo or defenuive engagumant, For example, a platform whose

intent iy to ehgage with an enemy force might poaseun a weapon rango

cgpnbili&y loss than the targoet which is to bhe attacked, Consoquently, a
maneuvey tould ba oxecuted after coming within the weapon radius of the
1 . ' enamy to cAuno confuﬂion and also to dagrade the accuracy of weapons launched
during countmrnttncé.
) Manouvers, in goneral, relate to all of the toples addresased in the
provious anctions. In almost every casce analysed in those nectlons an offennive
or defentoe mancuver can be visualirzed which has the potentlal te produce
an advantage during engagement, This section will, thnrnfor;, bao of a morc
general nature than the others,  To many canen, the nbilily to carry out a
. mancuver is limited by relative speed ration and othor fi.l!‘.‘"(')l‘l‘\. Succesuful avodd-
ance normally roquires greater speed than that oblainable by the epponing foren,
Thuti, the intent of this section is to pregent cases  of manouvers which
might dimpact on the result of an engagement. and the relative speeds required
to produca a significant chanage.
P Of fennive and defensive mancuvers are discussed.  Offensive mancuvers
ere thone movements which are used to increase the probability of wucdesn-
. ful attack.etther by ronfusing the enemy or by achieving a favorahle launch

posdtion; dofennlve manouvers are used to achieve oscapo by avoldancoe or

to reduce the accuracy and destruction potontial of cnemy weapons,
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Thraa subouctiony follow which addyeny, in order, the application of
manouvers to pursult, search and attack, A fourth subuootion (E) consolidates
findings of mubsoctionn B, €, and b, ap they apply to convoy transit through

an area under survelllanco by a dedicated onamy.

vVI1l-2

e




G A penrieem g o 4

B, PURSULY

puring tho pursuit of BPlue units by a Rod forco (in which Mlue's countoer=
dotection range in greater than Red's weapon range), a mintmum ppood advantage
mupt bo suntainod hy Red. Thig advantage munt bo sufficiont such ‘that tha Blua
is overtakon, detected and attacked prior to the aceomplishment of tho Rlue
minaion, )

The Purpuit section discuseced 'wo potoential sjtuations whtﬁh might oecur -
pure pursuit with Red having continucus informalion an to Blue's locaktion and
pursuit with inturmittent dnformation. Little can be added, as far as
manauvars are concerned, with respoct to pure pursuit., If Bluc also hano
information on Red's location, ho has twou altornativos, praparation for attack,
or attompt to cucape. The chodee will dopend uron Plue's maximum speed and
weoapon capablility relative to Red,

For tho situation whereby Bod recaives {ntermittent target Jobation
information and Blun recelves intermittoent or total Informat iton, mancouvoers o
avoldance can bo employcd hy ﬂlnu; The intent of theso mabeuvers wvould be to
Jncreane Blue's areva of uncertainty during periods of ke blind purnot
antl, thun, break Red's pursult and fmpending ot tack or gain 4t {me o order
to oxecntu a miasion objective prior to an Inevitable Red attack,  Given
the requinite Red speed advantage and update freguency, an eventaad  engagement

would be dnevitable,  Less froguent updates might resntt dn encape,  Of

courne, If Nue conld outaprint the purnuor, escape would alwayn be poasible,
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c. SEARCH AND DETECTTON
The valua to Bluo of increased mancuvering mpend to reduse thn probability

of initial datection by Rod dependn on othor fuctors, smuch an the tLype of

sanpor aysatem employed by Rod, An oxample which illustratns some of thasa
favtorpn im that of Rod soarching an orca A with randomly placed pnsglvn acountia
sonsors (p.9., a finld of pausive sonobuuyn). Assume that Blue {8 initially

at tho odgoe of the area A and Rlue'n mlunlon roequives transit of the aroa.

Mg oblactive in to ocmploy manauver(u) at the appropriate npead{s) to avold

L o b e g s e = e i

detoction by these schuoru,

The utility of Bluc apeed in this problem con be {1luminated hy connidoring

c —

the banic nearch aquation for the cann of voro scarchor spoed (sonobuoyn)

which has the following formi

Pyeo L. EXPCNC[QIV) ] 1/N) ()

whare:

P_ = probabflity of detection of Klue

D
N » numhor of sohnors

V « ppepd of cencroaching Blue unit

RV) = detection arva of one Hed nensoy for o apectiic Nue speed, mono-
tontcally dncreanting with Blue apeed

e,

L= longth of Blue's path through A

A v total areca being acarchod by Red

LTI TN

The acoustic sennors arce assumed to bhe diapsrscd randomly throughout
the total area of snarch (1.o., there are no harriors ta be ¢roanamd).

LY The number of nensars, N, and the arca A are parametoera ander cont rol

of Rod, 1 and O(V) are parametorns conlroleed by Hlue.

Tho mmaller that Bluo can make the product V)L, the lower the probabitity

viii-4

b et e - AT ——— o, PITEATEE VT TS




B e e TR L T LT T VOO S N B L T T T

of his bulng detooted by Rod.  Blue can mindndae 1oby tranniting over the
ghortont length path through arca A, The spoeifie form of the torm QLV)
dopoends on the total radiated nolse of Blue an a function of hin apood,
the environmental conditions and tho capubilitles of the Red nonoﬁuoyn.

For purpones of thio dincussion, tho affect of the environment can be
viaved an a kackqround notne whieh entablinshen a lower thrashold of datoction

and thus a value of Nlue's total radiated nolse below which Red's deloction

I
1
!
§
{
1 .
b
i
|
1
’
{

ranga (from each nonobuoy) would be essuntially woro,

Rlue'y total radianted nolso 18 composed of two major componentu. 'Tho

- —

first im internally ymncrated nolse which {n approximately constant for
" . all spovdn, Tho wocond Is a combination ;f flow-nolsan amenat.ing from tho
B ? hull {teelf and from Blue's propeller(s). For modorn attack nuelear nube
' narines, at Bpeeds below sbout lU-L2 knots tha {ntornal nolue domdinatos and |
thu total .aciated no!ém leval i approximataly conttant. over t}w.upnud range
4 : from rore to aboul 10-12 knots, At higher apeocds tho flow noinos daminato
. . and the total noine envelope riseu monotonivally with ppood,
[ : To minimize the value of the torm QV), Blue nhould procecd at g kpeod
balow about 10-12 knotn,  he vkpeeted value of (V)Y will Lhe determbned by
the relationnhip among Blue'n bndernal self poloe, the background nolae toved,
tho attenwation of Blue'ns noine with spreading and Vhe average capabd Hitian
of Red'sn nonobuoyn (oo, , the Flgure of Merd, of 1h aonobuays agalnot Blue
fn the exinting cnvironment ),

Thuti, Bluo's bont tactic in to toke the moot direet pufh.(hrnuqh AN (oo,

mimdnize 1) at a opeed below aboat 10-12 knotn Ginimlze (V) ), .

'Q- Rathor than randomly omploy sunnors over the ontire arvea, Lhe Rod forea
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might clact to flmm 0 barsler acrons choke pafots, Again, the bent tactie
for Blua, noting only on knowledge of sonnor capability and not on logatlion
or froquoncy of coverage along tha barrier, romaing to soalect tho most direct
route and choose hin npoed a# diucussed above, lHowever, ohce lnfnfmﬂtiun
becomen available concerning barrier location and frequonuy of coverage,
& sprint apoud can bo solucted which will pormit trannit of the harrier
beatweon periods of sonsor coverage. A aimilar rationale would apply to broad
area search. Condeguently, it 1s dmplicd that a bounded npred in required
of Blua whon he is cempletely lgnorant of Red'm nonwor daployment and taotion
of opuration., Howwever, whun this additignal information aboul: the Red forae
bocomen avallable to Blne, he can apply npeod én axuraine avoldance,

For nennors employcd by Red for detoction whose range of detoation iu
independent: of Blue's spacd, increased spoed might or might not act an ah
wbbbl fur Dittus A wcunur which Lo cepable o centinuounl; wendloving o tvanuil
araan with a high probabllity of detection will fdontify o targat prefonce,
regardlens of Blun speed.  Phe following equation dospuriben the banie nituation:

»

N
l’“ w1~ (1~ PG) (2)

whovat

p. = probability of detacting Bluo

n
l’ » probabllity of detecting Blue per sontor g mpue

N = nunbet of qlinpuens por avaitahle nearch time

s bt A 2o b b P4} A e @ amaiiA & tes ew

*
Naval Oporatfonn Analynls, Unltoed Statoes Naval Institute (Annapolin, Maryland,
1960), Chaptoer 4.
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Fquation (2) indieaten Lthat for a high ningle glimpoe probability (PG).
probability of dotection (l‘u) would bhe near unity even for valuen of N L,

A natellite with n large fleld of viow, axcollont rosolution, and not affoctoed

by cloud covorage 48 an oxample of nuch o caso. Howavor, for those survelllanco
sonsorn with Jower glimpse probabilitios, an {ncronved speed of trannit im-
mediately bocomen heneficinl to Hlue, Tha number of glimpson (N) hocomes fewer

becauno the oxposure :{ne 9 tho target is reduced and a smallor valuo of

PD ronu?ta.

viil~?
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D. KEVABION OF ATTACK

The Attack and Counterattack weetion addresscd the probable outcome

1
V
'
'
i

. of an angagomant banad on the firing of a firnt shot. If ona of thu combatantwe

wae ablo to launch a woapon prior to tha othear, he was vonnidored to ba

the winnnr of an engagoment. Howover, to comploto tho analynis of attack/

cgounterattaok, the probability of targot dostruction after waapon launch

; must be ‘connidered. Preaented in thin Jubnnc(ion in a divcunsion of how
fi Spoed might bo applied to roduce tho capabllity of an onhamy weapon, subaoquant

to its launch,

\

i A cane which }lluntratnu in ona whore Red has nuporior daetoetion capability
bi : and highor platform speed than Blue, but Blue has the greater weapon ranga, Thue,
fi ; ‘ Red has the option to attack or not, but must consider Blua'n ability to [ire
w% : firat,

_ 1 . Initially, fad's problem can he representod by the fu1}nwqu lanchentor
- aquationny:

. :‘1“'{" " Py ' (3

‘ and,

: M ergen (4)
g whero,
; PN« probabllity of Red survival

:} PM « probabd Lty of Blue purvival

" N = Rod woapon capablifty

\ i 'f M o Blue woapon capability
; t Q time intorval of engagement
y

viii-8




'
!
!
1

Thue, Reddn nurvivabil ity function alters over time an a function of the
product of Nlue's wonpon eapability and the purvivability 6f Blua and vice vorma.
Howaver, nincu Rod popsennes tho option to attack or avoid he should connider
the oapocted valus of the outeome. That {n, Red should hot normelly chovso to

attack unlesn the following ifnoguality holds:

U, (1-py) < U, (1-F) 7 (5)
whare,
U - value of Red platform .
Ua » value of Blua platform

Tho left wido of oyuation (%) roprenents tha expectad value to bo lout by
Rod and the right vide, Blue's oxpected losa, If this inequality ware reverued,
Red should not attack (excopt in the circumn:anco where some laraér overall vals
ues at mtuku may w0 dictate),

Phe quention du, how doon Red favorably alter thias inoquality? The plat-
form value torms are fixed so that Red'n tactics (i,e., spuad and manouver)
can only affeet the ki1l probabilitien, (J-PJ) or (1-¥y). 1In this specific
caua, since Blue has tho grentor weapon rango, there in a time puriod (while
Rod i{m tnside Blue weapon range but cannot yot reach Blue with his weapon)
within which the anly effoct Red's tactics can have in to alter his own nur-
vivability aguinet Blue's wenpon, Our interost, thus, narrows to whother or
nouw hod can muflficiently deqrade Blue's woapon performanco by muans of Rod
platforn manouvern while cloning Bluw,  Tho question addressed do the contrie

bution of inercannd Red platform upeed to thls objoctive, Hed'n tactie in to

dotoet and track Dluo's weapon and executo a properly timed high speoed avoldaner
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maneuver.  The purponce of this marcuver {n to ecoacape from the elfective arca of
tha weapon beafore tho weapon arrives,

. The aspumod qoomotry is shown in Pigure VIII-1, Initially, Rad (vho has tha
spoed advantaga) ia pursuing Blug and has closed to within Blue's woapon range.
Bluo fires ut Red, Red knows tho cvharacteristics of Bluo'm weapon, inoluding
the maximum turning rate at which the weapon can pursue him, shown as the lime

dting Plue weapon path. He alwo KRnows tho radius of lethal effoots of the

‘i
|

waapon, ,These combine to produce the effoective arca of tho woapon (uhaded

v aro), MHin objoctive ip to eroas thim area and axit befote the weupon arrivon

at any point whare its radiua of lethal effocts (dashod circle) could intorneot

his platform.

Figuro VIIi-l *

Goomotry of the Weapon Avoidance Manauver

R v ——— -

"Limiting
Bluo weapon path

P

Rad platform

Red cevaanlon path

I | :

Nlue weapon
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Koy paramntoern in detoradning the ability of Red to noaccessfully oxoecute
such a maneuver include tho npeed of Rlue's weapon, the radius of lethal
effooty of tho woapon and ita mancuverability.

Flgure VIII«2 avsumes a Mach 1,0 Dluc weapon, and indicates ‘Rad oscupe vapu-
bility as a function of Rod platform spaed, KEpreapa ocapability in indicated
by tho radiun of lethal effoats which tho waapon would roquiro for weolected
weapon mancuvorabilitien (axprouped as g numbors), Nota, gown?or( that the
platform in assumed to have a rero turning radius., Roaliutie tactical diamotors
over the range of platlorm apeeds indicated are as much an saveral thousand

hetors,

viii-1l
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Figura VIII-2

Inpact of 8pood on Avoldanen Manouvora
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‘ . Figure VIII-2

Impact: of Bpaad on Avoldance Mancuvers

Purposa

To show the nffects of platform speed on the ability to succesafully avoid
an unemy weapon,

pasis for the Calculations . . . {

This is & plot of equation R-2,

This im a banlc case for a target mansuvering to avold a weapon. The tatr-
gat and weapon ‘dre assumed’ to be heading directly at each othoer bofore the tar-
got maneuvers. The wonpon ig agsumed to have a minimum turning radius govarned
by the weapon spoed and the numbar of G tha waapon can pull. 'The targat is '
assurad to turn inetantangously Lo an escape path which is flafined to ba normal
to tha minlmum turning zadius path of the weupon, Applying a weapon lethal
offoct rawlus tn this path establishes tho boundary of the arca of effective-
nasn of the weapon., "If the targat ¢an cress thia boundary beforo the wanpon
can roach the target, ha has succesafully evaded, '

The targoet muneuvers instantanocously (essantially with a tactical diametor
of rero). The turn is assuned to be made at tho optimal noparation distance
from thoe weapon,

Principal Polnts .

1. The thice curvea in Pigure 2 reprosent: three levels of woopon mancu-
verability {(in gs which the weapon can sustain dn a turn) and indieale, for
such a woapon, the lethal radius which would just reach o target exocuting an
ascapo Waneuver at the spead indlcated,  Any greater target apeod woule
conptitute a wuccesnful cucape. Thus, a 100-knot target could ascape o one-g
minnilo with a warhoad lothal raddug of less than about %00 feoot.

2. At bost, howover, the figure can be connideroed as §1luntrative of the
manocuver problem,  Note that tho target is ausumed to turn instantaunously.
In facl, tactleal diamcters of most surface plotforms are divectly proportional
to the platform speed.  1In thae 100-knot region, these are measured Lo thousanda
of metors,
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X, THRANSIT AND CONVOY

A convoy transiting the open noean durdng wartime im publoct to the
probability of enomy attack. ‘This rasults from the conflioting objactives
. ¢roated by tha convoy transport aituation, Connidgr, for example, an objectiva

function for a convoy dasignuted Bluo)

Maximize {M} : (6).

Bubjrct to: "’ .
tgr

i M e ne
}
i n = N(l-bg})
B 1
i D =~ &f.cL
: 7O v) Y
/ )
i
g wWhore!
I
i M = total tonnage transported from origin (A) to dombtination (1)
- T = time avallable for tranuport .

t » tiwe requlired for transport

N r

number of availablo transport plat form

B LR

n = numbor of platformn to complote transit from A to B

€ = platform capacity in tonn

L s

gl

PK » probability of platform destruction during tranuft

V w avarage opreod of convoy unfts during trannit !

1ot o g E 1

kY
. : The above objective function roflects an ausumption that a missnlon has been
; definad and programmed whereby a collection of commodities munt. be maved
i
VIIii-ld4
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)
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e — — = R ——




P g TP,

e ey

©pmes a3 oo

between two pointn within a duenlgpated time period, The constraints have boon
L]

simplified to indicate that a platform/unit of. the floot ;u vapable of making
only one txip from A to D during time T, Howaver, b; inoreaning npoed, a pbten-
tial of multiple trips during the maximum allowable time 1ntqrval.mata:inliuou.
In addition, an unspocified reiatiénnhtp botwaon survivabitity and transnit speed
hae boon ansuamed to exint, Further rafinoﬁnnhn such as a dopondanco of tonnage,
C, and number of available platforms, N, upon tha maqnithde of tranplt spoad, V,
are pubnogquontly dineussed,

The daepandence of survivabiliky (1 - PK) upon V refleats an onemy {(Red)

capability whic¢h can be degraded by incroased Dluo speed. Thin dagradation may

oocur in two ways)
1. Units of the Blue force can use ppecd torﬁuncuvor to avoid the lothal
aren of weapons launched by Red, ‘ i .
2, Blue escort vehicles can use sapeed to intarxcopt Kod and countorattack

bafore he can suceennfully launch his weapons.

Ingreannd convoy speod can also impect on the offectivenons of an chemy
intelligence mystom. Improved transit spoed roducoy exposnure timo within a
reglon In which an enemy might Initiate attack, Unlens the ked surveld llanca
pystem 15 continuous in nature (i.o0., the entlre roglon is alwaya monitored
and calloctaed information fa interproted in near roal-timoe), uncertainty as to
convoy loculaon 1. introducod. Thia concopt wus proviously discusued in

pulmeoection i,
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The total 1atianale for mancuvers and thei

soribed hy P;'

ot fllue Manouvera are exacutod to roduce PK and,

manouvers are initiated to imnrove PK.

The transit scunnrio consolidatad into equat

quant ftatfve ansicuament {a do-

the probability of platform dontruction durlng tranpsit, Defansivo

vonversaly, offanpive or Red

lon But (6) can now ha amplified

to inoclude descriptive paramotern for both the cenvoy and the potontial attacker,

An proviougly uoted, a tonvoy attemptsn to trancit

a path through a region under enemy survoillunce.

vIII-3,

Fiqu;u viir-3

Convoy Trannit Undaer Enemy Survelillanoo

from port: A to port B molecting

This in depieted in Flgure

Transit bath

/ N

Do wS— o
o ——

Port h e

Surved

,Atean of

- "ii(lnarl 1

1 lane:o

Tho poraible nunbor of transit paths through the total operating reglon in

infinite. However, bounds might bo dmposed by the maximum pounible speed of

tranait antl the allowable miannfon time, The arcan of surveillasce shown in

Figure VILI-3 can teko on varlous fuaturot. They mlght be mobile if eontained

on & platform,  They also might meniter a rugion

within thedr field of viow

continuounly or intermittoently, A nonohuoy finld monitored hy a romote station

s an example of o continuous monitor. A sennor
limited ondurance or a satellite nencor affectoed

of intormittont monitors,
' VIII-1b

ayntem aboard a plativort with

by eloud coverage are examploon
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The attacker [ed) could e located {n the name posit fon an the aurvoll-
lancu syntom or roquire doploymont from a romote site,
probability of acquiring the convay for weapon launch would be dependent on the
amount of {nformation aupplied by tho inltial detection system during pursuit,
the pursuit tima, anhd tho rangn n; finld=of-vicew of tha on=hoard, purnuit Qetnc-
tion sensor,
ThuauAlncludmx number - of purnuiu and survoillance platforms; relative woapon

ranges; and Red platform specd, ondurance and range. Table VII1-1 phows the par-

tinant docision varinhlen tn be conaidored.

Table VII1-1

Convoy boclrion Variables

Platform Yaviablon:

BLUE

Nunbor of fransit Platforma (carqo)
Numbor of Hucort Vehiclen
Maximum Epoed Potontial

Foxdmum Cargo potential

Nunber of Survel ance plat.forms
Numbor of Attack Matformn

Maximun Speod of Survelllance Platiorms

Maximum Spoed of Attack Platformp
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If remololy locatad, the

Othor factorn wust bo consldored by Nlue whan optimiring ytrategy.
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Sennor Varfablen:

BLLL
]

Survolllance Rango o’ “onvoy
Intelligoneo Level (1.0., {information
suppliod roegarding enemy activity by
remote pystems)

1. Froquunhay

2, lead Diptance (i.6., distance
of onomy activity from convoy)

Burvelllance Range of Monitor Synmtam
Burveillance Range of Attack Banmor
Probability of Monitor Sysatom being
oporational ot tlme of convoy transit

through tho dotection realon

Time delay from cvonvoy detection to

attackar recelpt

Woapbn vak fal)ea

BLUK

Wonpon Ranyge of BEocort

Weapon Accuracy of Eacort

Weapon Rango of Attackoer

Weapnn Acouracy of Attackos

Thu purpose of Table VITL-) s to emphauizo tho desaoiptive dotall of

a tranail operation widch mant be conaidered bofore a quantitativo ovaluation

tha objective function shown {n equat ton (6) can be assesned,

Vi11-10
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A complote ovaluation, using a ent of Qetlnad valuon dosoribed in Tabla
Vill=1 i boyond the ncope of thie effort. However, one can diusouss in geunoral
tarms the vonditions and rolative nyntem capabilition which munt exist before
inercased ppoed cither 'or the Red or hlue producan an impact on ‘the objective
function shown in equation (6),

Congidor an oxample whero Lhe convoy decialon maker (Blue) does not know
thoe location of the onomy (Red) wurvelillance wkone. However, it is Known that
the none doas nol covar the ontira potential transit area., By employing great-~
er ppoed, the tantie ov manouvor of diuporsion (i.e., divida the vonvoy units
and crouto more trannit routes) might be used,

Binea the location of the survelllance rone is rancdom, the probability
af onoounter by a dispersod tranndt unit remains tho same an tha probability
ol ancountor whe,. the convoy remained intace. It Lo aposuned that tavgoet
uire doer not affect tho oncountor probabi*ity,  ‘the n;pnctnd value of the

gamn (1.0., tons of cargo dentroyed) for an Intact convoy ist

G- A-PK-PD N

whoro,
G w tonn of corgo destroyed
A« tont of cargo contained {n the convoy
I‘K v oprobablility of dostruction gqiven an oncountor

l’" » probability of cocounter
whercan the expoetod valun for a dispoersed convoy s
A
[¢ I N(N)“'K.pl) (ﬂ’
whera,

N« pumbor of cargo unitsy
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It can be seen that cquatlon (B) im equal to (7)., ‘Thum, the valua of
the game does not change, but the variance mlght. In the case of the intact
convoy, thae actual game can apeume only two values: (1) uero if ancounter doas
not take plave, and (2) A:P, given that it deon. For diuporsion, the aotual
game can asgumo values from 0 to A-PK in {neromentn of A'PK/P. Thue, it might
be practical to disporse bocauge even though oxpoctod looons aroe not ducrepased,
the catantrophic event of loning most of the convoy Jo guarded agalust, An
opponing rqtlonaln far romaining intaot would occur 4f Px the probability of
deutruation nivon ancounter, woro to inoreasc for individual units,

Another roanon for employing spoecd to dinporse a convoy in to teke
advantage of a limited enemy attack capability, It might be posaible for
Red to mount enough platforma with multiple woaponn onboard to dostroy
an intr:t unit, ‘lowever, if tho numbor of platFforme were Jimitoed, they
might not be capable of directing an attack aoninet uvn;y dotuctod Wlue
unit.

Ragardlenn of which tact e is employed (.o, dlaporned or intact convoy)
during transit, 1t might be necoauary to erobn o choke polnt near the torminat fon
of tho minsion at port b. An intelligoent eromy would naturalty take advantago
of puch a sltuation.

In any event, {t munt be recognized that Lhe tmpact of opoed and maneuvers
upon a sreconnfel convoy transit in heavily dopend ot upon the relative
capabilivy aof tod and BMue weaponts and sonsorn, an well an the avallable
npumber of pla forma, A guantitative evaluation, uaning projectoed foree numbora
and capabilities, du sequired for an ln-depth and complete apprafnant of the

dmpact of platform ppeeds and mancuvers on convoy trannlt,
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Fuo BUMMALT A COHNCTAST DN

A briof general discussion of the utility of vehicle spend {n manouver and

svoldance wan followed by diucunsion af application to tho various naval vehicloe
funotions anslysed in the provious uoctions, .

From a pursuea's (Blus) point of viow, thore ara two typan of pursnult., In
the firnt, tha pursucr (Hoed) maintains continuous tracking on tha purpuea., 1In

thin ovant, tho only alternatives available to Blue aroe countorattack or (piven

i e B e it e e o wa e

a superlor spoti-enduranco combination) cscape.

when Red io limited to intermittent information, avoidance maneuvers can he

.

employed by Rluc during Red's blind poriods to fherearno tho arca of uncertainty .

in ordor to cncape (or comploto a minwnion prior to capturs). 1Increased platform

BN e o

1

I

b P speed unhancen Blue's ability to do mo,
1

1

Avsidanco of detoction by a searcher (Red) may also bo onhanced by increansed

L A e s o

V upucd capability of the target (Mue). Tn tho easo of Red employing dintributed \
pennors to manltor an area containing Blue (or which Nlue munt transit), Blue's
bent option 1o to take a direet, mindwum length path at. an optimum spoed, Whﬁn

! Red'n probabildity of datection (!b) inervasen with Blue's upeed, Blue raguiras

ppecit le kiowledge of Ked nennor poreformances Jovols (as a function of Blue npeed)

in order to deterniue o opt imum speed.

I Red'n pnennor porformance I8 not pennitive to Blue apead, tho benefit to

Blua of inareanad apecd dn found to depond en key varametors of the Red sonsaor

wystem,  IF cach Wed pennor monitorn continuounly with a very high PD. spood in

of nu benefit to Blue. 11, hawovaer, Lhe nonsoros aroe chavoactorized by intormit -
' tent glimpnens wilh moderate or Jow PDII. Blue can une npeed Lo reduee tho namboer

of ylimpues and, thum, the overall PD.

5
¢
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Given wufficiont npord and mancaverability, a naval veliicle may ha able to
employ a timaly mansuver to vvade the lothal pattern of a woapon. However,
agatnut modern minndle syntoms sucoossful avoldanca doponds on a vory high laval

of mancuverability ag wnll as high vehleclo speeds, R

1a the subnection on tranait and convoy, it wao dotorminad that tho benaflts
of in' vaued rpeoed of mancuver are highly sconario dopendant and that othor para-
metors, nuch as auansor and woapon performance and the numbern of vehicles in-
volved, must be mpocified to make moaningful statoments rogarding the value of

’ relativo vehiele npoods,
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