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APIENULIR = DEFMTED GECHMITRY, PERIVATIONS

v : AU COE LA DG
I, CRAOLT
]
1. NDane Loonn Pactor® ) .
dhne JAan8 raetol

This soction deriven the baso loss factor (BLN) uquation. Tha basce loas
factor ddtermines the number of platferms reguirod to kuep one platform on
ptation,

The general bLE i the uy&lo tine of a platform divided Ly the time on statien,
A cyclo i defined an the tfime Interva) batween overhauls,

Yhe following definitions ave vecasisary to develop the geneva) bLE

0

equation,  ALL thmes arve in montho,

befinitions
TV o avorhaul Line
TT: v twn~ﬁuy trannlt tinn

Ul 11t lme e ntatinn

(¥ ™
9}3’ = Aol b dooa eyel )
Y
l r .,..S.':/.....>. - -, veaen 0L e v 1 . .
P Ty overhaul eocfficient (/b 4y Craction of platic o out-nf-
Gy % overhaul)

n -on atatio coqur awadn dn platfeorms

N total rgqui)wmcngp to cuppore o platforan on station

N w g s onumber of platforms cut=of-overhaul and availalhle for speration

"“by " on ptation reauirements in platform montha/ceyclo
\

N'Tby n platform nenth available from out —of=ovorhaul plattc wae to
rovide on gtal ton roeguiromentn

Ny © fraction of total platforus out of overhau) which nve in vpkeep

s VY-
US Navy Mid-Ranae Obdectives MRO-74 N, QIO sew 0081, 0093, (8 Oct 1966},
Part Il, Chaptor 11,
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NMN"I‘cy = total upkeep time in platfoym months/cyclo

Ny = training cocfficiont (fraction of non-deployed, out-of-overhaul
time given to sclf training) .

N_(N'D .. = nT_ )= normal self training time for non—deployed, out-of=
T Cy ¢
overhaul platforms

nT

-ggf » number of roundtrip transits/cycle from basa to station
nTCyTTr

T » number of platform months/cycle spent in transit

8

The out of overhaul time per cycle is equal to the sum of the on station,

upkeep, training and transit tima.

and,

nT '%
] + ' + ] - Y —.gy_....g -
N TEY ot n’rcy NMN '1‘cy NT (N Tby nrcy) + Tst A=l

Dividing out TC and collecting common terms:
v

nTTr ' :
N' = NN = NN = n-Nn+ A-2
M T /\ T
st :
T
1+..'I'%¥..
N8t
n 1~ NM - NT
T
23
BLF N, b | e e R + the gencralised BLY equation, A-3
Li= Ny~ Ny

In Scetion 1T1 of the report, only ready platforms are considercd., Sald

another way, the platforms are aspumed to be out-of-overhaul, alrcady maintained

and trained so that the out-of-overhaul, upkeep and training times are offectively

rvoro and the equation reduces to (sce following pago):
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This equation represents the number of ready platforms noedad to keep one

on station.

The impact of transit speeds and platform endurance on force lavel roguire=-

ments can be evaluated by this BLF equation. In this approach, the total en~

durance time, Tg, is defined as the two-way transit time plus the on station

time and is given by the expression
Tp = Tpr + Tge .

Than the BLF can be written as

V'PJ:TE_
D A
BLF = v T = A - 1
IrE_ :
b
whore D = two way transit distance
v'I‘r = transit spoed
y o ety
D

The total endurance time can be wrltton as

o om0 BLE_
E V BLE - l .
Tr

Nab

A-6

For any given transit distance, the DLF ig reduced by incraaning the product

of the total endurance time and the transit spoed.

Thna overall change in force

lovel reoquiroments which results from increasing transit speed depends on tho

effoct on platform endurance from that increased speed. When endurance is rela-

tivély indopendont of speed, increased transit speed will result in reduced forcae

lavel roquirements.
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In the case where the platform endurance is o depondont function of its wpeed,
the overall cffect of increased transit speeds on force level requirements is not
immediately apparei t,. This effect can also be evaluated by the BLF equations. In
this discussion the endurance of platforms using conventional propulsion is assumed
to be limited by the amount of fuel they can carry (assuming that refueling is pos-
sible only at the origin).

When fuel in tha quantity that limits endurance, the timo on station can

be dafined as

P - Fual Available On Station
8 ‘¥uel Consutiption Rate On Station

The fuel available on station is the difference between tho fuael that was availe
oble at the origin and the fuel necessary for two-way transit.

Fuel available on station = P - B Y
v'l\’_l Tr

whore _ : ‘

F = fuel available at origin

Yo © fuel consumption ratea while in transit

b .
Thus, I Tt S

Vre A=

Tg = —p ,

st

vhare
Yo ™ fuel consumption rate while on station
A-4 !
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The total endurance timn Tl-‘

¢ 1o approximated by the expressions:

'3 + '1‘
TI‘ Tr st
D
D V'PL ?
- + - h-8
Vi Far

" ohe base loss factor can thon be written as

T o4+ 7
nF = i L3
St
2 .
V,rr 8t
1+ b A-9
F- .‘7.... r'rr
T

when fuel limits the endurance of the platform.

A-5
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2. Iransit to Destination
Thie section derives the equations used for the ecconomic analysis
of a single platfovm tranaiting from an origin to a destination, The total
transportation coit includes all costs avsociated with transporting the
gcargo from an origin to a destination and is tho sum of éhree componant
coats!
~- the dollar value of tho cargo whieh could alternately be invested
at. some ralke of intorest during the time of transit
-= the cont nsgociated with operating the platform (speed
indaependent)

-= & spoed dependent cost related to energy consumption

The value of the cargo at the origin is the number of tons of cargo times
the value per ton of.cargo. The value per ton of cargo can be expressed as the
all: 1wz ol the zarge or wolghted dollar watue when the carge has a worth
beyond the mafkut valua. The caréo vnlué could b alternately.invostcd during
the time of transportation from the u}igin to the ﬂmstigntion. The portion of
tho total transportation cost which in asasigned to the cargo itself is the cargo
value times the investmeat rate tines the Lransit. time,

The transportation costs due to the particular platform used are divided
into tho platform operating conts (speed independent) and tho'nnnrgy consump-
tion coutn {(spoed dependent).  The platform operating costs Iinclude deproecia-
tion of the plat form and equipment, personnel costs, maintonance, port fees,
ovorhaul and special costn dQue to the particular exercise.  Thoue operating
costy can be added together and divided by the product of the lifetime operating

hours of tho platform and ity cargo capacity to obtailn an average platform

A-6
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pporating coat per ton hour.* These costs ware assumed to be independent of
speed for thii study.  8Seme of these consts would become :;po(:r:] dependent if the
platform utilization varvied because of changes In spoeed.,

The spaed dopendent comts waro identificd as boing chioefly related to
energy consumption. FEnergy consumptlon 1s a function of the propulsion sys-

tem and the mode of transport,

(O

The transportation cost is given by the expresnsion:

fransportation éont = CQIT + C QT A kVEDQ
vhere:

C = cost of cargo (dollaxrs/ton) v

R = number of tons of cargo

1 = investment rate (%/hour)

T m time to transit from origin to destination (hours)

Co, = oparatiny cost (dellars/ ton-hour)

V = gpoed of transit (knots)

k = proportionality constunt relating speed to fuel consumption
a = proportionality conntant relating fuel consuwapt fon t' node of transit

a
RV #  enarqgy cousuamptlon const/ton-mile

D = digtance from origin to deatination
and

'l‘rnm.pm tation Cont 1 (]
S QT 4 € ) 4 KV
Ton*Mile (€ u'v

the sonder would like to minlmize the total Lranuportation cost por ton mile

by choosing a V such thot the transportation cost per ton-mile is a minfwum.

3

*Reforoncnn for operating cout data dnclude  The ULility of Nigh Performanco
Watorcraft. for Salectod Minsions of the United Stales Coant. Guald (1), lro-
JocU 721530, Tentoer for Naval Analysis, Novombor 1972,

A-10
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Differentiating:

Tranaportation Cont

S roneine, L TSt
av 2
v
v a+t+l - Sf * co
opt ka
A
CI + Co o+l
Yopt. "\ TR A-11
whera vopt is the spoed that minimizes the cost of transporting the cargo.
.t 1 -
When €L is much smallev than Coy then e \o
v w |2
opt - (ko A-12

3. Sustained Logistle Support

This saction daevelops the equations for the number of platforms reguired
to fill a pipoline.

Supposa that @ tons of cargo must be delivered during a time peried, T.

The average rate of delivery must be

Tong
B e an
T unit Mme

Lot: cach platform have a payload capacity of QP tona. The time interval

batwaen platforms is

op

t [~
Q -

The time for a platform to deliver the carge is the time in transit plus the

loading-unloading timo. The tima for a one-way transit im %, wlare
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D = one~-way transit distance (nm)

V = gpoed of transit (knots)

Q

The loading-unloading time is -iz, where r is the loading-unloading rate in

tons/hour., The time for a roundtrip is

Q
D,R
2 (v + r) . |
The roundtrip time divided by the time interval batwsen platforms oquals the
number of platforms required to £fill the pipaeline. ‘thus, the ngmber of plat-

.forms, n, roquired to £i11 the pipeline is given by the expression

0 TQ
- -2 Ja ~2 w N
nw 3 (v + r) vhara t B A-1l3
or
2 D 1 ,
e Gty A-14

Tho offects of changing the loading-unloading rates on thae number of platforms
can be exprossed in terms of the relative number of platforms required to fill

tha pipeline, compared to the number for a hase case. This in yiven by

Yrol -(n - 1->- A-15
S 9
Vv r
e

ral = rolative number of platforms

whoro

Y

% = base case loading/unloading rato
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B. convay

The purpose of thin section is to demonsitrate the appropriate geomotry

darivations and cquations used in the analysis ¢ L convoy opurations,

1. Area of Threat to the Convoy

The following dlscusnion of the arca of threat is an oxtension of Koopman's
Thoory of Search.*

The arca of threat to tha convoy at an instant in time is tha area from
which an attacker could detoct and approach the convoy.

Tho area of threat is a functlion of the attacker speed, the attacker weapon
speed, tho attacker weapon range, the attacker detectlion range, and the convoy
ppeed, Tigure B-1 repcats Flgure IV-1l and contains the appropriate goometry
and relationships. l

face Ta chowa tha theaat aves whon the wennon range is zero and the convoy
spoeed is greéter than the attackér gpeed. The limiting nngle'of approach is

determined from relative motion considerations and is given by

v
0 = ain 1i.a ' B-1
Ve _

whero VA w Specd of Attacker

Vc = Speed of Convoy.,

The arca of threat in Case Ta in the sector of o cirele whose radius is
equal to tho attacker's detection rango and whose angle is the angle betwoen tha

two limiting linon of approach. This angle ia (sco sacond following page, B-3)

*
B.0. Koopman, "Theory of Scarch, Part I, Kinematle Bases", Operatlonn Rosearch,

Volume 4, (195G6), pp 324-345,

b-1
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. Figure B-l

Area of a Threat to a Convoy for a Given
Attacker Detection Range As A Function of Convoy/
Attacker Speed Ratio and Convoy/attackors Weapon Speed Ratio

and the Attacker Weapon Range

G >V
S.‘f.‘:..g’“..],'. VC A

Caen Ta

V. &= VA {or BW = Q)

a

Case Ic
Vw >V c > VA
a
RD = Dotection Range of Attacker '
a
Rw v Weapon Range of Attacker \
a W

V. = Spoed of Convoy
e B-2

Cage Ib

'y > >
Ve vwa Va

= Specd of Attackor
= Speed of Attacker's Weapon

A
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Thus, the threat area is

2 -1 I
A = 8in o B-3
Ia RDa VC

and the normalized threat: arca for case Ia is

A
/o, la

a

vhere RD = dotoeckion range of the attacker.
a

when the weapon specd is ygreater than the convoy speed, and the convoy
specd ls greater than the attacker speed, the tﬁréat arca ls as shown in Case lo
in PFigure B-1,

The threat arca for Case Ic iz a funcﬁion of the attacker speed (VA)' the

convoy apeed.(vc), the attdcker weapon aspecd (Vw ), the attacker weapon range
a
-(Rw ) and the attacker deteoction range (RD ). Let point 0 (see Figure B~2) be
a a

the convoy center at the time of detection and let 0 define a eirecle with radius

RDH
When V,, > V
wa

path ABKCDEFA, (When un> Voo the convoy can be threatened from behind by

c and VC > VA' the instantancous threat area is bounded by the
the attacker's wrapons ) The maximum threat @irtancn from directly behind ‘ha

convoy at point E at an instant in time is
- oL . B-5
wom YN

When only the attacker's woapon is considercd, the area of threat to the
tonvuy as the convoy transits from O to P is the circle centered at P and radiua

v
Rwa. Point P is a distanco Vg R, from point 0.
’ v a
a



FPigure Bp-2 .

Geomatry for Dotermining the Area of Threat. When
Attackar Weapan Spued is Graater Than Convoy Spoerd
and Convoy Specd s Greater Than Attacker Spoed

A
¥
1
Vv
0 = gin 1 VA PD - Rw

C a
'= R vV
B - llillhl Rw 1 - .,E‘_; o = R
; ‘ ) W/ la
: \ /,
C M
| it
g i
|
{
i B-4 .
i
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whan the attacker speed is conuidored, tho limiting lines of threat are
\'

tangent to the cirele centered at P oand are at an angle sinhl Uh to the
c

path of the convoy. Thug, the are FED, the Mmiting lines A and DC, and the

arc ABKC are the boundaries of the instantancous area of threat.

Tha instantancous throat area can be divided into three arcas~-the segment
FGDEF, the segmont AHCKBA, and the trapezoid with top AHC, bottom FGD, and
height GH.
| The area 1a calculated as follows: the angle 6 is a function of the attack-
ar speod and con&oy speed and is the limiting angle of threat for an attackor.
The ang]e'e can‘ba caleulated by datermining the chord length CK. Lines OL and
Cp are parallel and the line CD is tangent to the cirole centured at P, PD is

parpendicular to CD and OL, and PD equals Ry * Chord laength CK = 2 (Rw - %),
. a

a
where
v’l v »
\s [
X & v lm Bin 0 = v Rw B-6
W a W a .
a a
R v
Thus, B = nin-l “_ﬂ 1 - VA
N W
a "

The wegment ANCLKBA is subtended by the angle 2(0 + f) with radius RD + 'Tho
a
arca of the scegment is,

2. 2
"Ru {2 (0 + R)) Rp

T - =*oin 2 (0 + aﬂ B=7
The anyle vy is cqual to % - 0.
So the arca of the megment FPELGE s,
2 2
n 2y I
Rwa \Na
5w " "7 sin{2y) p-8

B=-5




The trapezoild has a top AHC and bottom FGD. We have ALC = 2RD gin(0 + ),
a

and FGD = 21\'4 sin(y).
a

The height of the trapeszofd can be caleulated as HO + PG - 0P, whore,

HO =~ R_ cos(® + B)
Da .

PG = nw cou(y)
P - |

v
OF = 3= Ry
W "a

Thus, the'areca of thraat 1ls given by,
2 o2
o Rw

2 a 2 a
Afe ™ Ry (0 + B) = == pin[2(6 + B)] + P\va(Y) - =3~ 8in(2y)

a
\ Vc
s - t-‘.l -
+ [Ry 8in(0 + B) + K, sin(y)] x [Ry cos(0 + B) + R, cosly) Vy ‘wa] B-9
a F' & ] a !
] 2
8 + + (v} + cos (i
" R.Dn ( B) Rwa Ruﬂnwa (i2)
Ve & [R nin (€ + &) + R i (')]
" uﬂ W sin \y
W [} a
a
when Vw > VC > VA
. a .
v
with 0w ﬂin-l (G’i)
. C '
1 11\!,1 VA
R = ain r‘- L=
D %)
a
\ "'-'21 -0 ‘
and the normalized throat aren for Casce fe 1s given by
A
R = =% B-9a
: "KD )
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2. Numbor of Encortu Required LL) : A"IHEQ"} 1L M: (:U‘)Y

The section develops the requiremente for the number of cscorts to provide
timely proscceution around the entlre cireunference of the threat cirele discusgsed
in the text (i.e., Casu 11 wheore the attacker's spood is greator than the convoy
ppeed,) For purposes of illuminating the problem, the convoy was considored
stationary. Relative motion of the.uttackeg increascs with the component of
the convoy speed toward tho attacker. The effect on the required séoad of tha
ascort depends on the relative postions. In the most demanding casa (attacker
dead ahoad of convoy, escort dead astern), the escort speed raquirement is
1ncranaadlby an amount equal to the convoy speed.

The basic geometry is shown in Figure B-3. Tho euscort is stationed at a
point on a circle of radius R about the center of the convoy. An attacker is

detacted at a distance RD from tho conter of the convoy. The detaction could
c

e madae by the escerts, Lhe wonvoy, OF &0 vatlotial stuive suul aé aliviall or
satellite. Thuk, the cescorts could have tho sole task of iﬁ&ercapting the at-
tacker. The escort must then cover the distance K bntwocn his position rolative
to the centor of tho convoy and the point at which the attacker could launch hin
weapon in order to intercept the attack. The intercept distance, RI' again moa-
sured from the conter of the cunvay, is taken to bu cqual to or greator than the
range of the attacker's weapon,  Tho time within which the escort must travel
from the point of initial detection of the attacker to the point of intorcoeptlon

ia

[ ] € B=10

and (anosuming an cocort weapon with infinite speced) the distance to the point of

interception in B-11
R-VEt.'O-Rwo

B=7
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Whore Vp = Speed of the attacker

VI" = fipeed of thu oscort

Ry = Range of ' the cscorts weapon
e

The angle, w, shown in Fiyure B-3, is one half the svctor coverage of a
singlo ascort and is given by

1 R: * ng - R*
T RE | | B-12

I'E

W = COB

Then the humbar of escorts required is
1 ‘ B~13
N = = -
8ince the number of escorts required is a function of the distance that each

ascort is statisned from the center of the convoy, RE' the number of epenvts can

be minimized for given values of R and RI by maximizing @ with respect to PE.

Satting w
dRE
and after simplifying, we geot,
? 2 2
RI RE + R

which ip recognized an a right triangle with nidua Rl-' and R,

w thon boecomes
max b s

-1
w = pin -|-“ :

max PR B-14

—y-_




Figure H-3

Geometry for Detoermining the
Scator Coverange of a 8ingle Bscort

- Kacort Distanca*

AR e o s -
-
-~
n

R« Intercept Distance®

Ry » Detection Distanco® |

o AR Srn o

w + Sccetor Jalf Angle

e Ao 6 .+ 4 0§ S0 mom = A D

A1l Aiutances are measured from the center of the convoy.
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and the minimum number of cucorts roequired is now

Moin ™ B-15
max

connidering the integer constraint, the minimum number of encorts iu 2 2 whanevor

R > RI. At R = Ry a single escort, stationod in tha cantor of the convoy, suffices,

3. BEsoort Sprint Spaaed Racuirements

Thin section dovelops tha cscort mprint speed required for a glven convoy
speed of advance. 'Tha - .ot must malontain a speed of advance cqual to or
grecator than the vonvoy spead of advance, vc. The escort's speed of advance

18 detarminoed by his sprint speed, v, ,, the time he npends drifiing, Tp and

b

his acoustie detoection range, R

Dy

Thao geometry is shown bulow.

" &
_ - /1 R
1”"‘; ".b.‘\ "-.F‘\
CONVOY ./
, / '
¥ R”o | MD:‘~T—E;:\"‘T""

In this case, tho sprint distance im equal to Ry By ehoosing thin

. ¢
soparation, the oacort pweepn a wlidth cqual to i, normal to the convay'n apoad
vectoar, providing convoy and eocort maintain a constant Coursn,

!
The time required For the convoy to trave) one sprint distance is simply,

'.l' 9] hg.... B n—]()

B-10
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and the time availablo for tho epcort to malntain station while covering an equi-
valent distance is, R

B-17
in ordor for the oscort to malntain a speed of advance equal to the convoy speed

of advanco. fThon, since

ve gat
Dy, e By oor, p-18
Vg Ve
R
Vy B~19
v’ e
vhere 'RD
v, & -
\'4 T

If wo increate the numbor of cucortn to n, then the sprint distance becomen nkn

Q
and cquation B-19 bocomos
nRD VC
* Vi eV
‘ B onk, =Vl
i o
: V .
. ove
X Yw - Ve B-20
i whare VV has been genoeralized to
£ ni
- o ., sprint distance
Vy T qEife tine = virtual spood,

B-11

——i -



The figura holew shows tho cano n = 2, with ocscorts A and B “ioup-froqging" along

the path of tho convoy.

-
»

Canvoy

i .
! .
§ ' p-12
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- bilitien of mont. of tho advanced naval vehicia concepts (with the posnlble oxcop=-

C. SLEARCH
1. General

Thiu soction of tpc Append iz provides geometry and functinﬁa] rolatjion-
uhips for the analynis of tha effoots of spead on searaoh qparntionn in tha

text., Discussion in limited to acoustic seanrch and to raitaration of ganaral

functional rolationships in acoustics and acountio search which are partinant
to an investigation of the utlility of nearch vehicle speads.

Thare are two important factors which tend to bound the espeed range of
interaost for acoustio search. Yor surfmoe or near suxface platforms, flow nolsas
ot speods in excoss of 30 knots roach a level at which the detection range is
for all practical purposes, zero. Herculean design offorts appear to be necan-
sary to produce any incroase in this limiting speed.

At very.low speeds, the prevailing background neoise in the sca dominatos
the problem, 7Thus, tha thoorutical detection ringes vhich minght he arhinuad {n
a noisolens environmont do not oocur in tha reaal world., In goneral, detection
rangun are limited by the environment to a constant value until mearcher apaed
reachos about 10-15 khots, and then dreraara with increasning npeed, reaching
the zoro valuo at about 30 knots,

Thus, the auurcﬁ upeed of {ntoraest, for the foresceable futuro, lics botwoeen

10-15 knotn and about 30 knots. Thiws suggosts that thoe projected spoed capa- H

tion of BWATI ships) gain little er no support from scarch functlon. This is not

gntiroly true sinco, in tho annlysis of sprint-drift or flying-drift nearch,

wo £ind a cluar case for high sprinting (or flying) upoads butween soarch periodu,
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2. Rarrior Scarch

The purpose of thisg gectiou is to investigate the impuct-éf search spoed
on thy probability o! dotectling a submarine transiting a barricer, The guometry

‘ of the problem in shown bolow: '

~aV

<+ L >

a, Continuous Soarch

Initially, wo aBsume a soarcher conducting a continuous random seazch in

his barrier station. Both active and passive sonar search are addressed, For

)
d

|
)
|
!

both mathods, tha detection range is degraded with spred due to flow noime con=-
siderations,
Oovor the speod xango of interust (10=30 knotn) detoction range as & function

of moarcher ppeed (V) in approximated by:

(lVa

Rwuw R e c-1
[e]

whara R = maximum dotaction rangn for the glven conditions (generally, range at
speadn of 0-10 knotn)

aw3x10?
V v gearch spued (knots)

and the aquution clogaly approximates empirical data which indicates flow nolse

inureasing at a nearly linoar rate of 1.Bdb/knot over the speed range of 10-20

knotn, *
*R.J. Urick, Principlog of Underwater Bound for bnginours, (Now York, 1967).
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The swoep rate is then givan by:

—uV3 nm2
Swoop Ratoe = 2RV 2 2R Vo e Cc~2
() hr

The product of tha cweep rubte and nome 1ime (1) dofines a roctangle of width

ZROG*Q and length Vi to which ong ndds the end semicirceles, with total area

3 .
.1 2
v ), to obtain area awept in *, which is

k} 3
vt 4+ u(noo"w 2

equal to n (R0

Arca Bwaept = ZROQ—GV ) Cc-3

The time requirad for tho nubmarine to transit the barrier iw givan by

t = -2 (hr)
. vs
vhara Vh w» gubmarine apeed (knotw)
W w width of throat of detection to the target (nm)

Tha total area swapt by the searcher in timo, t, is thoni

-aV3
2R_a v -av3 P
+ nfnna o c-4
8 . )

Total Aroa Swopl = oy

and since

uV3

W o ZRoa- (nm)i

3
.=av )2
"VC‘ o ) av? 2
Total Aroa Swapt w o

+ 1{Ra V)
Ve o

The standard expronnion for tho probability of dutecting a submarine tran-

olting a barrior im:
. Total Arven Swept

poal - o flarricer Arca c-5

Therafor :
Her : 2VR -av -av’
00 n(Roo

[ )
- +
PD =] -og I:V. 2L ] c-6

whore L = lungth of barrier,




b, Sprint-Drift Soarch

The purpose of thin nection i to investigate the impact 6f search speed
on the probability of dotocting a submarine transiting » barrior by using sprint-

drift search. 'The geometry of the problem is shown below:

O g

- I-J . o

Sprint-Mifc Search

The xesult is an overlapping search pattern wherein the searcher sprints a
distance R at a speed V then drifts and listers for tiﬁe TD' He then sprints
anothur distance R and continues to repecat the maneuver. Detection range is equal
to R {maximum for the cnvironment) since searching is confined to the drifting
period,

The time to complete once segment of the sprint-drift search is:

e Rh g (hr) c-7
- D
V .
Wharco R = detectlon range (nm)

V= pprint: speed (knotu)

TD 2 drift (listen) time (hr)




Tha speed of advance of the scarcher is thon given by

\VARNNY -RV__* (knot.s) ' C-B
R4V
§]
The sweep rate then bocomes:
» /3y 2
| Eweep Rate = Y3 RV! = ~—Site DF?‘ c-9
T

b " ‘..
. R+ VT

y The time, t, required for a submarine to transit the barrier is

i . E W
Pt : t ey
. e v
8
. (]
, where W = width of barricr (nm)
;
: Va = gpaed of pubmarine (knots)
| .
1 Therefore, the total area swept out in time, t, using sprint-drift tactics is
{
} v R
Trtal hysa Swvapt, = ~,_} 'JR““ {nmz) c-10
! : Vg (R + v'rD) .

When the inttial area of detoction, nRz, is added to the total area swept

and the barrier width is 2R we haves
Wt

- | ———=—, m

Ty IR c-11
VL (R + VT) 2L

PD =] - ¢

Alternative ascorch tactles exist, Section I of *Pin appendix compares tho

overlapping scarch tactic above with a random, non-aoverlapping scarch,

O

0
]
v




3. Open Area Scearch

The purpase of this section ds to inventigate the impact of search speed
. on the expacted number of targats detected per hour uuing continuous epen aroa

. saarch, The detection range is degraded with speed due’to flow noilse as in

the barrier casa. The targets have an average density per square nautical

mile and have uniformly distributed track angles.

i The geomotry of the problem iy shown below.

'f |
| |
{

i ) » :
\ Q\«b) - ‘
! - |

! : VS

"

' open Areca _Su_g‘r_c_:_h_

a. Continuous Search

——

"Tha expresmon for the number of targoels detected per hour ls based

‘R ' on Koopman's theory of secarch, and is modified in this analygis to includo
1 the offect of flow nolue on detection range as the scarch speed is inereased.
I The number of targets durectvd per hour im given by.

: 4N l{ov —P 9

NO m (V 4V ) p) g l\ vy c-12

{ (v 4 v )

C-6
— S ————r—
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Where V =  gaarch spoead {knots)
V ¢ targoet apoead {(knots)
N =  tarqget density (number por nmz)
Ry~ detoction range at zoro spoed (nm)

a = :!x].o"4 .

v (m-9)/2

. $ = target track angle (degrees)

The integral expression is an elliptic integral and is readily evaluated

uging standard tables of elliptic integrals,

b, sprint~Drift Search

The purpomse of this scction is to inVQstigaté the impact of search spead
on the expected number of targets detected per hour using sprint-drift tactics.
The goometry i cusentially tha same as in the harrier case, with the axception
that the search wcea is unﬁoundoa.

A first order approximation to the expected numher of targets to pass within
a distance, R, of the nearcher during a drift (listen) perlod is ¢given by

N = N'IIR2 + 2NRV T c-13
0 HD

where the quantitles in the expression have been previously defined.

The number of targeto dotected during one lisiten perfod ia the sum of tho
tnrgcletn inside the radiun of detection at. the beginnblng of the period plun the
number that enter durding the listen poerfod, .

Henco, tho expoected number of targets detoectod poer hour is the number

detocted por linten period divided by the duration of the eyclo, if.e.,

an‘(z + ZNRV T
N2

N 2] C-14
o .1;1. + ll\

)
v [

c-7
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Tha number of targets dotected per hour given in equation C-14 illustroten
the Jmpact. of apeed when sprint-drift search in used, This approximatinn can
bhe modified to connider different approaches to the scarch tacfic. For cxample,

’
equation C-14 doeus not difforontiate between turgets that‘wero detaoted on pra-
vious looks and targete that are now dotections., Thus, some targets are counted
more than once. Those duplicated dotections could be subtracted to give tha
number of new detections per hour, The sprint distance could be optimized for
a givon sprint speod. In addition tho number of detections at zero speed da-

pendd on the initial assumptlons about the searcher. For example, if the search

is required to aprint a given distanco bafore listening, then the number of de-

toctions at zero specd is zoro.
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D,  PURLBLIT

The purpose of this appendix is to demonstriate the appropriate geomotry,

derivations and equations used in the analysis of the utility of speed in pursuit.

1, - Pursuit Curve*

The qaomotry for deriving the curve of pursuit io shown in Figure D-1.

The curve (AB) is traced by a point P (pursuer) which moves in such a

mannay that its direction of motion is always pointed toward a second point

1 P' (pursuee) which moves along the path (Cn). The speedn of P and P' are taken
lf to be constant, The problem proponed is to construct the curve of pursuit (AB)
when (C1) is given and the speeds of P and P' axe known.

Thé simpiest problom of this type is that for which the path of the puranss
in o wiraiyht iinw.

Lat P = (x,y) be a point on the pursucr's curve and P' = (w,z) be a point
on the path of the pursucce.

Thae curve traced by P' is glven by

f(w,2) = 0 h-1
Binca the tungunt through I pausses through P' the purnult equation can be

written as (z-y)wg":-(w-x) D-2

Let the spoed ratio of Lho pursuer to pursuce be given by £, then

— e

*

Introduction to Nonlinear Differential and Integral Bguatlons, U, 8, Atomic
Enorgy Comnisnion, U.&. Govermment Printing Oftice, (Washington, D.C., 1960)
pp 113-128.




Figure D-1

Geometry For beriving The Curve OF Pursuit

:
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rix,y)
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D
P = DPursuer .
s Purouoon
Al = Path of Purcuer
| CD = Path of Furnucn
du = Hlemont of Are on bPursuer's DPath
do = Flemont of Arc on Purauce's Path




%E-" ca%y where du and do are the clement s of the arce of the pursuer and

pursuca respectivoly. We thon have the oquation
dx2 + dyz L !.2 (dwa + daz) D-3

Binoca y, w and 2 ara functions of x, D~ 3 can ke written in the form

2 2 2
av)" . 4 [aw dz -
o) |- @) o4

Differentiating D-l and D=2 with respect to x, we qat

-y
I )
2
<
a
[ ]

dx
twadx Thgax " © D-3
and
d-—.‘.-t:gfvxu(w_x) 4.9.2-@!. D-s
dx  gx? dx dx

Wwa tho proper values for D=1, D=2, D=5 and D=6 are substiltuted
into tho right=hand memour of equation D -4, cho differential aquation of Jhu
curve of pursuit ia obtainad,

Applying thin general theory to determine tho curve of purnuit, when the
pursunn movas along a straight line parallel to tho y-axis and a distance d
from the origin, wo gat

w=d and :}-3 = 0.

From oquation h-~6,

2
dr Q¥

- D=7
dx d)‘z (d X)

Subntituting D-06 into D-4, tho following difforential equation iy obtained.

2 12 \2
) W g fa - 034




Integrating D=8 twice ylelds the equation

! L Figure D=2

Gaomatry For Purpuit Curve When
Pursuce Moves Along a Straight Line

p—— . -

e e

PC w o
PP' = 4' w d soc{0 - %)n d cach

Pl Path of Pursuor

£

P'T w Path of Puruuco

E

d )
At x = 0, y = 0, and a% s tan(d - 50 m o-cot0,  Now,

dy . L [‘_-m -0 L - x>”"] b-10
dx 2 e




At x = O
? ¢
o » a*%(coto + cnchd) -

: Wa reject -dl/c(uoto + escl) an a ypurious molution (it gives the case when
S the direction of the pursuee is roversed, i.e., whon the tracking angle is
“-6)0 ' . '

Pubatitution for ¢ in equation D=9 yiolds (at x w 0)

. N IO S, 4 1 . )
X °" 7 [1 L (meoth 4 encd)d & ey (—coté) ¥ cace)d] te =12
i .

': Solving for c!

| 2 |

) ob w [ GuRed = §7cotn) 5-13
i I

If r > 1, capture takes place whoen x = 4, l.e., when

2
y o S_C_!&,Qi:.._’-_ cot®) 4
A |
2
- ..f»._:_z.f-_sﬁr.-‘.l_(’_ dencd
-1

2
o Rl PO D-14
A

Tho capture dintance in thun,
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Ip' « TC - P'C

2

! 2
- (.':..Z.Li..‘.’.‘.‘.‘i) a' = _d'n.tn((l - 12'_)

t -1

2
- (5._:55._929.‘1 ’ ao,,o) a’
t" -1

w (L= cond) g
e -1

where d' is the initial ser -~ ion distance.

b=-1§

The derivations abotv. take the weapoh range, Rw. to be 0, If wae conuider

4 purpuar with a pouitive weapon range, Rw. and infinite weoapon velooity, thoen

capture ocours when the distance betweaen pursuar and pursueo iy Rw.

In the fol-

lowing derivation we take the tracking angle to be %(u 90“) and normaliza all

dintances to the imitiul aeparation dintance d.

Figure D-3
T
P
*
dy.
(x, ¥) dx (1
) {
H C
{1, 0)
-l-x-»l

b~6

~- X)
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pC o« normalized initial sieparation datance
rPr' - pormasised distance Yetween pursuer and pursueo

BPI = purmuer's path

§ Cp'l = pursuce's path .
i
| Ry
L mn '
3. a rh
| ;
P : day 1 . bl - x)? o
% " J/r[dx (1 x)] b= x) D-16
| R
' " (di) + 1 (1 - x)
1
|
1 | y PRE '
! " [(1-x) C+(1-x)"/cj (L = x)
‘ oy | e .
-, R L N A p-17

/v

| If wo lot 2 = (1 - )t)1 , =17 bocomoes

Yor arbitrary f, D-18 doca not have o gonoral nolution so we must uoo numerical

mothaodsn, v.q., Newlon's method of {fteration, to cvaluate w,

the normalizod capture distance is thug

P A
PIC sy + o (1 - %)

i , L, 1 1 [ =) 1 r;»l-l]
."_ R "2[6":1" YUTT A : D-19




Lo

Eaniaih o chade sl e A A b S

© et e e e

2. Conustant l!um'_i_n_g_ Interaept

The geometry for deriving the cepuation for constant bearing intoreept is
shown in Pigure D=4,
The linae (0I) in tho projoctad track of the pursuce and the lina (QI) du
the intarcopt course folluwed by thoe pursuor,
. The pursuee is initlally deteocteod at O, a separation distance, d, from the
pursuer, who 18 located at . Theo pursuce's direction is at an angle 6 to the
" direotion 00, .
Flgure b-4

Geometlry For Conatant Bearing Intercept

ﬂr-Q Vpt
y‘-—'#
I
d
N0 <r//
rd
Vp Y .
-,

o0

op » d = Inltial Separation Distance
OI = Projecled Track of Purcruca

I w Intercept Path of Parouor

0 » Initial Track Angle

¢ » Pursuer's lLoad Angle

]

Vp w Purauco's Spoeed
vp w Pursuct's Spoer

t = TMwmo D~8




The purnuce then moves along his projected track (01) at a constant spood,

\Y The pursucr sets oft an his conree (OI) and lend antle ¢, to inteorcept

pr’
tho pursuce at point f.°* Tho pursuer also maintains a constant spoed VP'

1
.

By tho law of cosinen

2
a+ (Vpit) ™ = 2av,1t cosd ~ (V)2 w0 D-20
: 4w 01? con?o - 2 . 2
. 2Vp,t cosd da(vp t)” cog”0 - 4 [(VP t) (vpt) ]
2 )
or @ = V_tocos0 + (v, t) 4(cos?o - 1) + (v £)? p-21
P -l P
bividing through by Vp't, and letting
\
ox ()
Vp'
then
4 woow eon( \L 4y ((:(ma() - 1) ) D-22
Vit ~

Bince the deuslred moasure iy capture distance/initial separation distance,

wo invort D - 13 and obtain

. . 5 . -1
vpl" w | coad 1& t ((:05;20 - 1) ' n-21

—_=

Suppouc that tha pursuer 15 mrmed with a weapon that has a range ISN. The

pursuor'n objoctive fa to maintain a constant (uteady) boeardng course and come

' withir a distance nw of the pursuce in a specificd time, t,  Then by the law of

thae cooines:

T
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(vp(.) vo(d - 'V + (VP " - 2(d - w) (vp L) cos0 D-24

or

y /- . ..'_..,_.:.)__ Tt .'_...‘i..-_.___...-_..j,.
2 VP t cosl + ‘4(Vp L) cos™ 0 - 4 [‘(Vp L - (V&t;) J

d- Ry = 7 _ =

D-25

The weapon range required is

p

Rw = d -(coso + \/coszo -1 + t,z)v 't D-26

The pursuer could improve his performance by heading on a course so that

ha would travel the minimum possible distance and gtill be a distant Rw from

the targot in a spécifiud timae, t. This i=e givnﬁ by .
. 2 - 2 ey 2 - ty
(VPL + Pw) a” + (vp t) Zdvp t cos0 g‘
or
. \ .
2 e~ zav i - » -
Rw n(»/d + (Vp't) - Zd\-p't cos()) th~ D~ e’
Ny
D-10



Pursuit With Intermittont nformalion
Thias scction derives the basis for dotermining tho probability that a pur-
suor is able to relocate a pursuee with the pursuer's on-hoard sonsor gsystem at
i : gome tima after the pursuor has reccalved information that the pursuee is a distance
j d away. The information processing and data link time Jas taken to be zero. The
f . pursuer travels on a stralght course through the last known positipn of the
pursuce, The pursuce ig asgsumed to be a point target (and notlan arsa targat,

such ag a wake) and to move in any direction within the area of uncertainty. This

area ig the circle which encleses the arca of possible target lecation. Its radius

in equal to the sum of the initial location rror plus the product of the pur-

SREErRE - g

suea's speed and the elapsed time since this location was made. 1In this simple
cnce ft 1is asgumad Lhat the pursusrte spnany hao a sweath width NS within which the
probability of detoction is Qnu. “Outride this Land tha probubility of dotection
is zoro.

' When the location error of the intermittent information systom iy negligible,
the initial arca of uncerbainty that could contain both the pursuer and tha

pursuce has a radius

Rl v VP\Tl D-28

————

vharoe VP' = pursuce spoed and Tl = time for pursuoer to Lransit d—Rl. (Scoe

Figure n-5)

R
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Figqure D=5
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: Pursueyr Poultion
. . at vima T
i ) Pursuer Position
| \
1

Araa

1 of unear-
at timo of update Lainlty ot
sp Sl Ty Pursueo Position
“. M d - R m’*—“l —;o ﬂh tilne f.’f
L ' 1 updato
i
’l
1
-
A
1
-
tf The pursuer searches on a constant course.with a constant pwath width, through

the area of uncertainty. As the pursver transits through the arca of unceor-
tainty, the area of uncertainty increases as a function of the pursuce's speoed
and the timoe for the pursucer to transit through the arca of uncertainty.

The incromental change in the probability of detection lu

i W VAL 2
: ) m 4] e — D=
App = (1-P), )“(R1+VP'T>2
whero
l - PD = probability the target was not detected in previous AT's
_ ws w gwath width of pursuor
i
i \Y a maan rolative spoed of pursuer and pursueco

' ¢
WsAq‘ n araa swept in AT
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ﬂ(R]+Vl,.'l‘)2 =oarca of uncertainty as it increasas with time

) T a time that elapses aftor pursuer reachas Rl
. Integrating .
; . WBVT
: | ) - OXP| = we—————— p=30
_: ) P VR (R 4V, )

Since V = mean relative spoed of the pursuur (VP) and tho pursuea (VP')' we huve
| T
2 2\ 2 2
V= 1T(vP + VP')é 1 - 8in“o adn"y ay

2
Sy, + V) E (o)

2V V.V D-31

pp!

VP + Vp.

where, . 'pinu =

.nd' ‘JJ = F—-—;—i.
E (o) is an elliptic integral of the second kind, readily evaluated using

standard tableu of elliptic integrals,
The time for the purcuor to complete a first pass through the arca of

uncertainty ise

} o m, _
- T, = = T D-32
P Vp

whare T2 » time for pursuer to overtake pursuec 1f the track anglo were 180°

and T, » time for pursuor to overtake pursuce if track angle were 0°,

1
Tha probability that the pursuor detocts the pursuce on the first pass
through tho area of uncortainty is

v,
4 Wghifo) | 1+
P!

"Zd

PD"].-\oxp -

D=13

b-33
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4. Sprint-prift Porsuit with Intormittent Tnformation

A speclal cane of pursult with intermittont information is one whore the
pursuer must resort Lo a sprint-deift pursuit tactic, A typical case would boe
one whore the purahea is a high speead submarine and the pursuer's sonsor ism
acoustic and will not function continuously at thae high-apeeds required,

In this analysis the pursuer always sprints to tha last known position of the
submarine, This is duo to the fact that the mubmarine may run on uny course dur-
ing the purpuer's nprint period and thorefore it does not benefit the pursuer to
attompt to_antiéipate the submarine's noew course and speed. Hencu thie proceds

can be viewcd as a modified pursuit course since the pursuer proceeds to the

“last known position of the pubmarine, as opposed to heading toward the actual

position as in the case of pure pursuit.

At iome initial time, to, the pursuer dotects a submarine at somo initial

distance, Ro. He then sprints to this datum ot a given speed, vr, ard liastens

for a time, Ty ' .

The time ovlapnod during tho first sprint-drift poriod is

During this time, the submarine has travelod a distance

Ry = Vot

where V_, = submarine (puroucae) speod.

,-"'
Tho time for the next sprint-drift period is, then,
R

) 1 I
t e
D
2 Vp

and the submarine travels a distance given by R, = Vp'tz'

The procoss is roepoatod until the limiting value Rn u Rh-l is reached.

nD-14

D-34

1 D~35

D-36
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Since the location of cach drift (nearch) portion of the eyele is tho
location ol the pursuce al. Lhe end of the proviow: drift pnrfod antd vach deift
pariod roquires a fixnd tima IT“), this liwit of ccnvor?ence is roachad when
the ground gained botweon oprints oguale that loat while listening, l.e. 4f tho
pursuer had infinite sprint speod the limiting distance would still be given by
the product of the submarine spesd and the drift timo.

The total time clapsod during the sprint-drift pursult is then given by

Tow ok kg, bt

l 2 3'.'|||+hn.

Using these banle expressions, the saparetion distance can be determinod by
an iterative process for cach succossive sprint-drift, and from this a sep-

aration distance history of clouing distance versus olapsed time may be plotted,

D=15
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E. MANEUVER AND AVOIDANCE

Yoo Maneuver to Avold an Approaching Weapon
Thin rection derfven an equat ion far dotermining the spord at which a
platform must maneuvor in order to aveid an approaching woapon. BSeveral ra=
strictive assumptions are mado about the weapon and tho maneuvering target;
thus, the derivation is illustrative and not definitive.
. Figure E-1 illustratea the gmoﬁatry involved for this canme. The waapon
and targat are heading directly toward each other. The targot chooses to

maneuvar when the weapon iy a distance, D, from the target., The distance DS

8
depends on the honpon characteristics, the target charactoristicos and the poten-
tial escape puth. fThe escaepe path used in this case 1o a path that ig normal

to the minimum radius of turn that tho attacking weapon can make. Tho nlnimum
radius turn that a weapon can make is a function of the weapon spaed and weapon

maneuverability (i.o0., number of gs the weapon can pull). In this section tho

minimum turn radiva of the weapon is defined by a radius R, as follows:

whoero ?

Vw = weapon apeed

n = limiting acceleration of the weapon (numbor of gn)

g = 32 feut/unc:ond2

In this limiting caue cxample, the target is assumed to have no such restriction

and ig able to turn instanlancouuly toward the eacape path.
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Separation
Distance
At Time
Targot
Mancuvers

Figure B-1

Geometry for Target “ancavering to Avold a Weapon

Distance Target
Must Travel . . :
Target To Avold
Weapon
4 ‘\\\ ‘/’ ‘/’ Weapon Path at Maximum Turning Rate

Targes Escape Path |

Ds < After Manmuver q
|
\ R, « Radiun of weapon
f . effect Lvenonr
Weapon D, v Distance weapon munt
travel (o Intorcept
targoet aftoer manouver
4

E-2
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o avold interception, the target must travel a dlutance X+ Rw bofoure

the weapan travelas a distance Dy, on the weapon's mintmum radiug turning path,

Wha.‘:e ' o taas
' x - VR, D¢ -R
and,

DE = peparation distance betwean tho target «nd the waapon when
the targot starts his mancuver

Rw'h waapon lethal effoct radius

D“- VW'I‘ = RO
1 b

- ]
© = tan (1;)

T w timo for weapon to travel a distahce Dw
D h
1,78
R tan T030) .

v

W

I VTT > ¥+ “w, the target can encapr the woapon on the targer's raeapa
path, The woapon lethal cffect radius from which a target can escape by manauver

(under the provious ansumptions) is given by,

R, € VT - X, ' E-2

whero V,r » targat spoacd

If the targot actn intolligently, ho will begin his ovasive mancuver at tha
time most beneficial to him, i.c¢, whon the required weapon lethal effect radiug,
Rw, is maximal. Putting equation E-2 in the form where only essontial paramotorn

are present wa have

D
V..R 8 et e
R, = L tan 1(!{) - /65 + 1%+ R
Vw 8




Nifferentiating with roupect to nS and cquating with zoro, we obtain

2
o = VTR - 1 . [)5
v 1 ne
W R Dﬂ R? N DZ
8
” :
2
V. R
4 k.2 \
or DB + R Ds ol B = 0
w
e 1
v, 2
which yields 1+4 V; -1
DB uw R 3 / E-3

+

Equation E-3 gives the optinum separation disntance for a targot to hogin its
manuever against a weapon whan tha target is able to turn instantancously to-
wardg lts cucape path} When the value of Ds given in equation =3 ig umed in

amuatian Yu? we hiuve tha maximum woapon radius of effectivenoss that can ba

avoided undor'thc above asaumptioﬁ.
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£, A COMPARTEON OF TWO SPRINT-DRIPT TACTICS

This section compares two ditferent sprint-drift (or flying-drift) tactics
for mearch, "This comparison is troated separateoly in the appendix, sineu the
foous is on the relative morits of platform tacticn rather than ppaaifically on
tha utility of vehlcle mpeed.

In each caso:
U 48 the asprint (or f£lying) spoed in knots

TD is the drift time roquired to complote a search paiiod in hours

Ry is thae dotection range of the sensor (at rvero spoed) in nautical miles

the firat tactic is desoribod {n Section C of this appandix, analyzed for
suarch offoctivencsus na a funcotion of vehiecle speed and umed in Section V of
the basmio report., In the first tactlc, the soarcher procmods at sprint spaed

7]
repeatod along a predetermined path of atraight line soyments. This tactic re-

for u distance R , ptopa, drifts, and searches for a perind T, Thin cycle im

sults in considerable overlap of secarch arca, but thero are no holes or “holidays"
loft unswopt.
From the goometrie description in Section € of tha Appendix, the arca ow.pt

is approximately given by: .
A= fa‘an'T Pl '

whore /ERD is the swoep wiath

V' is tho ovorall speod of advance °*

T
with Pol,D -2
vt v D

and T is the total time of search., 8o long an T is large (i.c., several cycles)

the approximation is clousa to tho true arva swopt, The principal difforence
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consints of the somi-clircles at the end and beginning of the mcarch and any arua
lost in changing the dircetion of the scarch path,
Yor a continuing scarch (where T is large) the swoeep rate is the tetal arca

swept in time T, B8ince each sprint (flight) covers a distance RD at a speed of v,

from P-1 and -2 abova, wo have an overall search rata of:

*

N 2
A R
R F-3
= + TD

Thoe second tactic i to aprint to a new position such that the circles of

i dotaction by the sensor during drift do not overlap. A vehicle conducting a ran-

-

dom search of this type (constrained by non-overlap) would spend a graater time

Lo

e e W

sprinting in oach oycle and would leave large random holidays in the area to bo
soarched.
: The objactive in to compure Lhe two tactles to dutermine tha ratios of craea
searched in a given tima, |

To simplify the calculation, the non-overlap tactic used is o special case
whare the searcher sprints in a straight path a distance of 2RD, which rosults in

consacutive dotoction cireles which are tangent.

i Thus, the tiwe of a single scarch cycle ist

2R
. n
. — + 'I‘D
'

ro that, in a total timo T, thore arco:

e S e lookn, and




!
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the total arca searched ino:

-

My F-4
D

2 "o + TD
v

Nota that, in this specinl gasa, raquired sprinting time is the minimum for
a "random" search subjoect to thg conntraint, Thus, ratios of tha soarch rates of
the two tacties aro limiting valeoulations favoring the random case. (An indication
otltho sensitivity of search cato to this assumption appears in Table PF=-1.)

From aquation F-4, the nearch rate for tho random caso ls:

2
]
T
2"“‘4"rb

v
bividing oquation I'~3 by equation ¥F-3%, we obtain the ratio of the mearch

yate of the fuctic with overlap to that of the random tactic:

LA B R e

- ] ]

RD + TD v i
Figuro F-1 plota, for various valuas of sprint (flying) speed, combinations of

Ariytt time (TD) and detoection range (RD) at which the ratio of search ratem is

unity. The accompanylng discuunsion shoat providoen detailed dovelopment and com- ‘

parison. 1In genuval, fnr the avsumad valuos of the paramoters, the random tictie

-rasulte in highor soarch ratows.
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Figure =l

Combinations of Drift Time (TD) and Datection Rangn ‘Rh)
Ylelding bgual Scarch kaves for Overlap and Randoin Soech Tactieos
(Calculatad for Varisus Bprint or Flying S$peods)
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Figure -l

Combinat.ions of Drift Time (TD) and Detection Range (mD)

Yielding Mqual Scarch Rates for Overlap and Random Scarch Tacti:s
(Calculated for Various Sprint or Flylig Speeds)

Purposea

To indicata the relative search rates betweent
® An overlapping search tactic along a path and
& A random search tactic
" in sprint-drift or [lying-drift search for varioué values ;f.éhe peftinent

parameters.

Basis for Calculations

The flgure is.a plot of erqual search rates for the two tacticy for selected

gprint (or £lying) sbeedn. That 1m, from Equation F=61

¢ \
‘R
-‘{:-:: 1w 2o} w ) (for each ¥ indicatod)
+
RD TDV

where

V is the sprint (ov flying) speed in knots

TD fu the drift time in hours required to complete a scarch perlod
{ror gprint-drvift, this includes time for the towed array to settle
and time ro semeh, For £lying-dirft, there is an additional drift
time required to stream the array before searching and to recover it

. after the search.)
RD iy the detection runge of the sensor (at zero speed) in nautical miles:

and the valuen of these paramcters are the same for elther tactic.

%




The figure plots combinations of RD and TD at which the value of the ratio

of scarch rates is unity for the indicated values of V. As indicated, for ecach
V, any combination of Tn and R, above and to tho left of the line is a case

wheroe the overlap seaxch rate is less than that of the random search tactic.

Principal Points

1, Current technoloyy indicatés the following approximate combinations of

the pertinont parameters:

V. (kts) r, (hr) R, (nm)

: T T
-Bprint Drift 80 0.3 10-25
Flying Drift = 200 . - 1.5 10-25

As the figure indicates, 'the raﬁdbm search tactic produces higher searcl, rates
for thase combinaﬁions. :

2. fThere is, however, an artificiality in that the random tactic employed
ig a-limiting case wherein the sprint (flying) distance (2Rn) is a minimum
for & non-overlapping randoum search. The senuitﬂvity of the reaults to this
ansumption was tested by considering a random search pattorn wherain tho average
distance hetween search conters was doubled to 4RD (ati11 maintaining the con-

straint. of non-overlap). Comparisons of the actnal search rates are tabulated

in Table F-1.
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Type o1 Search

(V = 8o, Ty ™ 0.3)

PR S o i B 5 1 pb e ]

Table

Actual Ratos (nmz/hr)

RD w 10

L ]

Overlap 408
Random
8print Distance = ZRD 570
1] '" - QRD 392
. Plying-brift
i (V = 200, T, = 1.5)
| Overlap 112
A Random _
a Sprint Distance w ZRD 196
: " " = 4R, 185
!

3. In sprint-drift, the préforred tactic is sensitive to the average sprint

distance required for the random secarch. In flying-drift, random is clearly pra-

1.5 hrs.).

forred hecausce of the higher speed.

higher gearch rates than doeus flying-drift.

This is due to the much highor

R = 25

D

1767

, 4122
1415

666

1122
1062

4, The table indicates that for either tactic, sprint-drift produces much

ratio due to the assumption of TD = 1,5 hours. 8ince any gain in detection
rangd (RD) which may be possible should bLe cqually available to sprint-drift
: : vehicles, competitive flying-drift vehicles would require soma combination of

higher flying spoeds, and shorter drift times then tho value assumed (TD =



5. PMinally, it should be noted that the search rate eritcrion is not the
final measure for comparison., If the speeifice scenario deseribing the search
arca and throat woere developed, the respective search rates could bho used to

computo corresponding probabilities of detcction.

Y
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G. SEA LOITER (SER ST 1) AIRCRAFT

This section of the appendix discusses nea loiter vehicles generally
and compares (for a gonoral miusion) force level requiroments of such vehiclas
with those of air lolter airoraft.

Currently available information* on Bea loiter vehicle concepts indicates

the following:

8Spoed range =~ 200-500 knots
Grosa weight. - 500-1000 tons (C5A = 350 tons)
Usaful load - B0%-70% (CSA & 50%=~60%)

(Payload plus fuel)

The seu loiter concept implies a very .iarge vehicle capable of high unit
payloads and long airborne endurance independent of the sea sitting chavacteris«
tic. Alr loiter vehicle conoepts have similar characteristics, except for tho mea

sitting capability.

bData on such vehicles iu nkotchy and spocific minsions have not boon
defined. 1In this analysis, we assumo three general motivations fér the
soa sitting capability:
1. Dramatic increase in total endurance resulting from tho capability
| to sit in a condition involving very low fuel consumption for periods of
up to sovoeral days. Under cnrtain conditions, this may remsult in
roduced force level requirements for a given posture (reduced

Base Loou Factor).

* ANVCE, Intoerim Evaluation Seminar, Alr Vahiclus Summary, Peter J. Manclae,
Technical Director, 26 March 1976.

G-l
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2. short renponne timnn and capabllity for porforming misnionn requiring
high sipeads.

3. Ability to utilize sensor systems not otherwine employable by airaraft,

Thus, the sea sitting conéupt makos it posaible to combine the advantages
of the ondurance (thus, lower BLF) und sonsor capability of surface vehioles
with the rapid response (and surga) capability of alrcraft,

However, unless tho missmion {8 such as to reguire both a murface vehicle
capability and rapid reaponso, s continuing alngle ntation mission may bo
equally fulfilled by & surface (or near surface) vohicle in ohe case or an
ailr loiter vahinle in the other,

Considar a_misuion which requires one vehicle continuously on a single :
station. The mission is furthar specified in that, on activation by a dotoction
or on direction from base, thore in a raquirement for an aircraft to fly *
continuously on station tor an unspecitiad, but long, per.od of tima,

In this caso, throughout any active period, there is no sea sitting
and the roady force roquired to support the mianion is idontical to that of
a comparable air loiter vehicle force. fThere in no appreciable Aifference
in the BLU* during this period. The required force level of ready aircraft
would be the name., Thus, the only differcnce in total inventory requirements
would be that resulting frean the reduced flying houry of ready sea loiter
alrcraft during tho non-active parlods,

Thare aroa, however, potential missions whore the foreo level roquiremants
for wea sltting afreraft could be much smaller. Thoswo occur when theroe is

a requirement for continuously occupying several such stations simultancously

-

*Dofined as in Hoction A of the Appendix in termn of ready a/c only, that is
a/c on station plus a/c in transit,
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(such as in a long barrler line), If there i a high confidence that only a
faw of many statious might vitultancously be active, the sea sitting force
level can be tailored accordingly. The air loiter force cnnnot.

This can bo illustrated by a simple example, Paramoters are as follows:

n = numbar of stations which must be simultanaeously occupiod

n. w maximum expected number of simultaneously active stations

TB = total ondurancae time of an aircratt (hr) |

TT: = two way transit time (hr)

Tst = mission time, flying on station (hr)

Ts w goa Bitting endurance time (fuel consumption assumed to be zers) _ ;

R S Ll T RUDRE' LRy P

i TB ol Tmr * Tsu for air loltaer airc;afh

w T % Ts for soa loltar aircraft

me ¥ Tgy

Thus, am in Equation A-4, the roquired ready inventory of air lolter

aircraft iss _ f
n(TTr + Tsﬁ
Tae

For the sca loiter aircraft, the rcquiromedt raeduces to:

o
. - v ¥, .
RSO VO P A CHOVEY RO U L.

& n T:‘l‘..z.l:._'f-s—t-"- 4 ( n=n ) ?_T_E._t__?_g
| Bl Tg ° Ty '
: b
. ' Whenovor n is much larger than n, and
. TB iB much larger than Tsc

the force level roquirement for sea sitters is much smaller,

T SR SO A
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: Figure G=1 illustrates for a simple examnpla whero:
T, *= 10 hrs
Tr
- . .
}{ _ Tﬂt = 10 hrs
s ' .
; I‘s = 100 hrs
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Figurae G-l

Lxample of Potontial Reductions in
Forca Llevel Roquirements Reaulting From
Bea loiter Capability

Number of Raady a/c Raequired

1]
Tre ™ 10 hrs

Tﬂt = 10 hrs

T, & =100 hre

20 f- 8
AMr loitor W e—ee——
Bold 101ltor & mevemwuwa

15 =

10 b

Number of Btations (n)

-5

10




F ‘ Figure G-1

Example of Potential Reductions in Foree Lovel Roquiroments Rasulting
. {rom Sca Jolter Capability

Purpona!

To illustrate the potential advantage of sea loltor airoraft with long

sca pitting capability.

.

Basig of Calculations:

It i assumod that the maximum number of alert stations (n,) is known

! with high confidenco and that fuel consumption while mea sltting 18 essontially

L roro.

E Lot n » numbar of stations '
fr ‘ n, ™ maximum number of activated stations

; E TE “ ;otnl andurance t;mcluh an airarafi (hr)

o po that

.

e ! 4 7 3 ' d B
TE rTr t Tgy for air loiter a/c, and

TB - TTr + Tst+Qﬂ for sca loiter (where funl contiumption while
aitting » D) )

Thus, tho numbor of ready uldroraft roquired for alr loiter in

Pt : ( Top + Tt )
l: n N e tmaims e eaaw
ﬁ ‘ Tst

and for nea loitor is

Principal Points:

1. A (n - n“) fots largour, thu difforance in force lovel roequirements
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gots larger, Tha BLE for alr lolter remaing constant; for sea loiter

the BLI reducos as (0 = ng) dncreases.

2, To the extent that sea loltering consumes fuel, thene differcnces will be
dacroaned, If tho minnion calls for continucus alr oporation commoncing

at activation, each activalad rea alttar must take okf with enough fual

to fly on station until his relief arrives, pluas enough fuel to return

% to basa - that is, enough fuml for a two-way transit if his relief mumt
g . come £rom the base (lens, if nearby stations can be temporarily vacataed).
¢ In this casua, sea sitting time must be reduced such that fuel remaining
can always meat thoe on station flyilnyg requiromont and tha transit back

to bane,

e = et o 1 e = e

BT

g e, st




