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TECHNICAL MEMORANDUM

AN EVALUATION OF THE OPERATIONAL EFFECTIVENESS

OF THE PROPOSED PAIR AUTOMATIC NON-ALERTING

TRANSMISSION MODES (U)

C. H. Sturtevant
0
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L. A. Harvey
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This memorandum constitutes a portion of the work on NEL Problem

J?1LI , AN/S Q3-23 Modernization Program , and attempts to answer

some specific questions posed by program personnel. It should

not be construed as a formal report; only a limited outside~~~
)

distribution is intended.
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INTRODUCTION

Studies have been conducted in response to a request for

analysis of the following AN/SQS-23 PAIR program tasks.

1. Analyze the operational effectiveness of

the proposed PAIR automatic non-alerting

modes under a variety of tact ical situations.

2. From a tactical standpoint, determine how

much a ship compromises its situat ion by:

~e-. alerting,

b. giving range

giving own heading .

3. Analyze the ability of PAIR to interface

properly with ASROC (i~~ iii and ~~ ii1~)

when in the non-alerting modes, i.e.,

adequate data rates , tracki~g accuracies, etc.

I~. Determine minimum ship spacing with PAIR.
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TASK I

Task Statement

Analyze the operational effectiveness of the proposed PAIR

automatic non-alerting modes (ANAM) under a variety of tactical situations .

Study Results

‘
~~~~~ ,~actical Hot War, Deep, Hot War, S~iallow Cold War, Shallow,

Situat ions Escort , Defensive Patrol, Offens ive patrol , Offensive

_ _ __ _ __ _ _

Single Frequency Marginal Acceptable Marginal

Dual Frequency Acceptable Acceptable Acceptable

Analysis Procedures

This task was divided into the several subtasks:

1. Definition of “operat ional effectiveness”
as system performance measure for sonar.

2. Selection of appropriate tactical situations
to adequately exercise the various sonar
system options.

3. Computation of coverages available within
the selected tactical situations.

ii.. Computation of the required coverages as a
funct ion of threat , weapon type, and probability
of target kill.

5. Summarization of data for PAIR coverage performance.

6. General comments about the re~at ive effect iveness
of the two non-alerting modes and manual modes
for detect ion, classification, and tracking.

1

• 
~CO~flDE~IIAL —



In analysis procedures 1-5 the model above is applied to measure

absolute effectiveness of the auto non-alerting modes; procedure 6

discusses relative effectiveness by comparing auto .•non-alerting mode

• performance and manual performance.

Performance Measure Definition

An appropriate measure of system effectiveness (MOSE) is required

to gauge the performance of the subject system in performing the sequence

of functions required for the misssion. A commonly accepted measure for

undersea/surface warfare systems is the Weapon System Effectiveness (WSE)

concept adopted by ComSubPac , ComSub Lant , ASWForPac, etc. This measure,

stated simply, is the “probability chain. ”

WSE = 

~D ~C ~T ~~K

‘where: 
~D 

= Probability o~ Detection

P = Probability of correct classification
C given detection.

= Probability of Tracking,
given classif icat ion

= Probability of Kill, given acquisition

In this study the probability of detection is assumed to be 1.0 for

a range at which the single ping probability is 50 percent (Table 1 shows

50 percent detection ranges (R.~) which were derived from reference 1).

The probabilities of classification and tracking are assumed to be unity

if the respective time requiremenbs of each function are met. Probability

of kill is assumed to be synonymous with probability of weapon acquisition

of the target.

2
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By definition, coverage performance is the ratio of time available

to perform the required functions to the time required for these functions.

The time available is a function of sonar range, unit spacing, point

of intended movement, ownship speed and course, and target speed and

course. The time required is a function of the time needed to perform

the sonar surveillance functions of detect ion, classification, and

tracking for an acceptable probability of target kill. Therefore, th is

measure of coverage performance is influenced by sonar parameters and

data rate.

Expressed symbolically :
Time Available (T

A).
(i) Coverage Performance (ce) =

Time Required (TR)

This function takes on the following values:r if T
A

(2) C~, = T
A/TR 

if T
A ~~~ 

T~

0 if impossible due to
L some physical constra int

Figure 1 provides a schematic of the C~ computat ion.

Tactical Situation Select ion

Select ion of the “appropriate-tactical situations” to exercise the

various sonar system options adequately was base d on data from an earlier

study, (Reference 2) wherein the ASW mission was identified and rated as

to Importance In cold and limited war. Consideration of possible enemy

act ions, war states , geophysical characteristics, miss ion role, and ASW

ship posture (Table 2) has led to a classification of the spectrum of

ASW missions into three categories (Table 3). The first two categories

exercise the capability to deliver ordnance to the enemy (hot war), hence

3 
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they cover the “weapon delivery” aspect of the performance measure.

Category 3 contains elements of both 1 and 2. Operations in this

category are related to ASW barriers and HUK groups against targets

which are generally attempting to avoid detection. Much ASW activity

centers around trailing operations , and thus the ability to track and

maintain contact . It is for these reasons that Category 3 was not analyzed

specifically under the criteria. Instead , inferences were drawn from

the results obtained in analyzing situations 1 and 2 from Task 3 results,

and from the general comments listed at the end of this section. Table 4

summarizes nominal submarine parameters as a function of its operation.

Table 5 shows the enemy and own force performance opt ions chosen for the

tactical situations analyzed.

Computation of Available Time

The available time is ~eterinined from the width of the scx-iar surveillance

zone and the relat ive penetrat ion speed of a trans itor or intruder who is

attempting to minimize his exposure time. A frontal penetration along the

minimum sonar crossing line (McL) represents a “worst ” case for the ASW

screen ing unit . The MCL is a funct ion of the sonar detection range, RD,

and the screen spacing factor, k .

FIgure 3 shows two models: Model 1 represents an overlapping screen

used to analyze Situation 1, and Model 2 represents a loose screen which

employs random patrol areas, used to analyze Situation 2. Figures 4 and 5

provide the individual zone width (z) for close screen (spacing 
~ 

2RD)

and loose screen (spacing _� 2RD
) configuration, respectively . An axial

penetration through the screen ’s center front enables the penetrator to

add his speed to the SOA for a relative crossing speed, W, of:

4
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W = V + SOAsub

=~v +vsub screen

Available time is expressed as:

Tavail= 
~j

Computation of Required Time

The “required time” is a direct funct ion of the t ime necessary to

classify and gain a firm track (assuming that the decision t ime for

weapon assignment is negligible). If the tracking time needed for an

adequately delivered weapon is equal to or less than the classificat ion

t ime, the classification time is the “required time.” If otherwise,

the tracking time is the “required time.”

Probability of weapon acquisit ion, 
~a’ 

is expressed as a function

of prediction-to-tracking tizrie ratio, 
~r’ 

and the b ias error , br~
(homing) range and fire control error (sona r and weapon delivery CEP).

Note that this does not influence Ci,.

Figure 6 illustrates typical values of P5 for ASROC system parameters.

The flight t ime for weapons not having midcour se guidance const itutes

the prediction time (time over which no target information can be used

to redirect the launched weapon). Table 6 provides a listing of weapon

launch to intercept times.

Classification time is a function of the number of pings required to

produce a threshold number of clues. Values assumed for this study are

shown in Figure 7 for hard-to-cl~ssify targets.

5
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Since the models implemented resulted in a predetection—to-tracking

time ratiop
r 
=1 the classification time was assumed aiways to be large±

then the tracking time.

Times for the case studies were determined by reference to the proposed

PAIR single and dual non-alerting modes, Tables 7 and 8 or Figure 8 .

PAIR Coverage Performance

Results from the case studies of the general tactical situations are

shown in Tables 9 and 10. Table 9 shows that PAIR coverage performance

for Tact ical Situat ion 1 is relat ively good for a 6 knot penetrator,

(i.e., 21 out of 24 cases with unity performance). Against the 30 knot

penetrator the score is less, being 3 out of 6 unity ratios for dual

mode/hard classification cases against zero out of 6 unity ratios for

the single mode/hard classification cases. The picture is considerably

better for the easy classification cases.

Case studies of Tactical Situation 2 reflect the better sonar ranges.

(~n layer versus below layer for Situation 1). Table 10 shows C~, values

of unity for all cases except when the single frequency mode is utilized

and the spacing factor is 10 or greater.

General Comments about the Two Non-Alerting Modes

The comments listed are with respect to the relative effectiveness

of the non-alerting modes and the manual mode in performing the functions

of detection, classification and tracking .

6
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CO~F1DENT1AL
DETECTION

Single Frequency Mode

Unless single ping detections can be assured the detection process will

be degraded because of the periodic gap in the search transmission sequence

due to the insertion of the track/classify (T/c) sequence of transmissions .

For some range scales settings this gap could also result in a poor

tirae compressed display and a general lose in track continuity. In any

case the tu e required for detection will be increased.

Dual Frequency Mode

Provided that track/classify transmissions do not interfere with

the search operations this mode should result in an effective search-

while-track mode of operation.

CLASSIFICATI ON

Single ?requency Mode

The T/C range scale setting is equal to or less than that of the

search. Thus targets detected beyond the range scale setting of the T/C

may not be effectively classified.

The gap between the T/C ping sequences can vary from 3.125 to 62.5

seconds wh ich might result in an inc.herent track. Also, many of the

classification clues are derived from a sequence of observations; in this

mode the sequence would be broken and thus the classification performance

would be degraded.

Dual Frequency Mode

The T/C range scale setting is equal to or less than that of the search .

Thus targets detected beyond the T/C range scale setting may not be

effectively classified. However, if the situation demands this may be

alleviated by a change in the operating mode .

CQ F1aEnTIA~



TRACKING

Single Frequency Mode

The single frequency mode of transmission would degrade the tracking

performance. The degration is prevalent in cases of:

(1) Large observation errors and/or

(2) Maneuvering targets.

However, in situations where the observation errors are small and

the target is proceeding with a constant velocity the mode should generally

proved adequate.

Dual Frequency Mode

The dual frequency mode of operation should be adequate . Since, if

anything , it would enhance the data rate. The search keying interval

would be set to the range scale just beyond the sonar range of the day

and the track and classification (T/c) range scale setting would

generally be one setting lower than the search setting . Folded range

coverage provides tracking information when the T/C range scale setting

is less than the search range scale setting .

8
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Table 1 Renges (kyd ) For Single Pi ng Detect ion P robab i l i ty  of 0.5

Water
Depth SHALLOW WATER ( 100 fin ) DEEP WATER ( 11400 fn)

Target
Layer Position IN BELOW IN

20 10 ~~~~~~~ 
10 15 20 

-
__
10 15

20 114.3 15.9 17.8 1.2 I 1.14 1.90 I14.~ 15.8 17.8 ~~. i . 14 -~~~~~

15 16.5 18.1 20.0 1.14 1.6 2.1~ 16.5 1~~.0 20.0 1.14 - 2.’

12 18.7 20.3 22.2 1.5 1.81 2.36 18.7 1~) .2~ 22.2 1.59 1.~~1 2.

_ _ _ _ __ _ _ _ _ _ _ _ _

__L__
_ _ _ _

Environmental Conditions :

1. All noise-limited
2. Sea State = 1.5
3. Layer Depth 101
14 . i~’avorab1e Velocity Gradient

9
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Table 2

TACTICAL SITUA’U ON TYPES

Type War Geographic Mission/ ASW Ship
Situation Type Area Role Posture

1 Hot Deep Water Escort Defensive

2 Hot Shallow Patrol Offensive
Water

3 Cold Shallow Patrol Offensive
Water

11
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CO~1FIUEIITI~1 Table 3

MISSION SPECTRUM BY SITUATION
TYPE CATFQIORIES

Situation Type

MISSION 1 2 3 NOTES

Strike
Force X X

ASW
Barrier X X

Underway
(URG)Replen-
ishxnent Group X a

Hunter Killer
(HuK ) X X X b

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  ‘4

Amphibious
Landing Force

(ALF ) x x

Convoy X a

aApplies to Situation Type 2 for the escorting role in thi
terminai area (e.g., convoy). ASW ship posture is defensive

• for this role.

bApplies to Situat ion Type 3 for the pa~rol role which includes
transitions or embarkations in deep water .

12
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Table 4

SU~ 4ARY OF NO~tINAL SUBMARILrE PARA~tETERS AS A

Fu NCTION OF OPERATION

Parameter Depth Speed Range

Operation (feet ) (knots) (kyd)

Periscope Search 60 6 9-12 max.

Sonar Search 5: 15 marginal

Screen Penetrat~on See Figure 3-6

Torpedo Firing ~ 200 3-6 L 2000 preferred

Evasion See Figure Variable NA

13
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Table 5

- 
TACTICAL O~TI ONS SELECTED FOR TARGET AND

• SCREEN EFFECTIVENESS CO~’TUTATI ONS

Situation

Description 
~

- 

/ — 

2 3

Model (See Figure 3 ) 1 2 2

Target Speed 6,30 6,30 30

Penetration Angle 0 0 0

O~n Ship Speed 15,20 12 20

Target-Depth Penetration Periscope Best Depth

Detection Prob. 1.4,1.4,1.4 18.7 1.90
(See Table 1)

15
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1UthT~1 Figure 3

ASW MODEL SCHEMATICS

Model 1

N

/ ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-•

~~~ 

-• 

- 
/

Legend

MCL = Minimum Crossing Line

= Effective Detection Range

Z = Effective Crossing Zone

A = Position of Ship A

B = Position of Ship B

Model 2

Legend A B

Z is determined so that the area of the re ctan gle
is equal to the area of the two quarter-circles.

16
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Table 6

WEAPON LAUNCH-TO-INTERCEPT TIME (SECONDS)

________________________ _________ 

Target Range to Launch (kdy) 
____________

Weapon/Launcher 1.25 2.5 5.0 10.0 20.0

~ ii 46/ivlk 32 50 100 200

Mk 37/Mk 25 125 250 500

85 170 314-0

ASROC/Mk 46 — 
60 80 90 Note a.

DASE/~u~ 46 150 200 275 475 Note b .

NOTES :

a. Includes 35 seconds average fot torpedo acquisition and run-in
to target.

b. Includes 35 seconds as above and the addition of’ 40 seconds
average for fire control reaction and torpedo drop time.
Hence, actual blind time is 75 seconds if DASH is guided to
drop point .

20 - CO~FIDthT1AL 

- — . - a..-- .. —..— ..‘ ..



I I I i  I }~~~~~~~~~~~~ I

‘1 .J I 11I7iII11
~I111[~

. 1 1 1.1
I I ~~~~~~ 

.

~~~~~~ 

— - -  

f 

- • 
• 

• .

- • II i ±~~1lL • •

• I I I ~‘igurc~~ I
• 

• . .J_J~~~a~e- ~~ : 
I 

~~~~~ d ilumber of

- 
I I  

.. - LJY !rsus D i f f i c u l t y  f C la s s ~ fic •tion 
-

I , I I  1 1 1 1  1 1 1 1
I I I  I I  • I I  I •

H .. . _ _  

1 

LI TIlL
• • • J .

i
-~ - • •

—— __________ ___________ 
I 

— ~~
- I I — j_._ — — ____________________

I I  I I I f
- ILL IIJI LII _ III1IL LI

_i_ L i..U_~. . ±J. .H L• — —___

I I I I I  I I I  I

~~~~~~~~~~~~I l ~~~~~~~~~~~~~~~ l I  ~~~~~~~~~~~~~~~~~~

• I-LHII I~~TJI1IIHFI~~L~JF~~~~I• .LL .i._ ~~~Li .i_ ~~~
-_ _

I 1 h I  
- — — — — — -

H - -- - - H-~ ~~~~~~~

- - - - +H-1-- -

N 

_ _ _ _ _  _ _ _  _ _ _ _  _ _ _ _

I Ij ~~~~~l I  i i  i • • • I

—~~~~~—~ --1- ±11 L J_li - lii ~• n- 
-I I I • I ‘— • I I ~I .~±_i_ ~~ G~OD~~ LL~ oi~n ~~__~~Li J_jp~ ~I1TILL J~ I N B ~~~~~ CtASSIFICA~~JJN CUWS \~~~~~~~~~~~~ES

I~~ ~IL~ L LLL_L _HLHL LL:~~~.±il
_ _ _ _ _  _ _ _  _ _ _ _ _ _  

I i  I I I  \ \ ‘ . I~~ 
_ _ _ _ _ _

- L_ _! H.JL~ L~~ _1_ U_ ~~
H_

~~~~2 L
_ 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~I I ,  I I  I I I ’ I  I I I  I I I  I 1  I I I

- nI~~!’ 
II? U ED- 

I 
II II

_ ilLx J_L H. LI •~~~~~~. LLL.L L ._LL TILLJ_ ._ L_II~JJ_
_ _ _ _  _ _ _ _  

I I I  I I I I  
_ _ _ _ _ _ _  _ _ _ _ _ _ _

- . - ~~ . - -. .LL~~~L U~~L__ . - L_..LJ_

I J~~~i L  IH.~~HLI._ _!L_• L
LII I I I 

______  

I I  
_____

- ~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~ _LLL
_LLJ .! - - 

1 L.J.. J • ~~~ I 
- . LLLL LI_LL

IL~H L I~~~H L11!I H I 
H J I  

~L. cc~frnBfflAdu
J I 

— — ~~— — — — _____ 
I~~~~ — 

I I~ I i



CO~FIUEM1LA1
tj~\

c-fl
cfl

H C’J Cu

0
_____- H

U)

‘-4 03
H

I- 
_ _  _ _  __-

c-fl 
~:‘

_____  ______  _____  

p
0 I
H Cu

Cu

L(
H Cu CuH H

0~~~~~~~~~~~~~~ .
~1

_ _  _ _  _ _  _ _  

~~~~~~~~~~~~

22 CC FIOE~T!?~.



Cu 
I4~\

N-
c-fl

Ii—
’N- 

0

H 
• 

H

CC) 
Cl)

H 

C/)

-- 

Cl)

U_\ Lf\

Cu 
. .

Cu 

0

(Y~

1:~1 0
U) 

C)

U)
H

H 
U~ LJ~\

0 

Cu Cu 

0

-
~~~ 

_ _  

H H

0 

ID

Cu 
Cu N- H

~~ irS. Lr\ 

a

H ~~ C’ ( 

-;

‘-0 \L) ‘-0 
E9~~~~~~I—I

Ifs’ 

Co

Cu 
Cu 

0

0

a

Cu 

d a~ Co

_  _  _ _ _ _ _ _ _ _ _  _ _  ~E I
• ~ .

( ~~~ 4 ;
——---

Ifs ’ ~~~ 

H C4J

-
. 

- 

_________________________________________________



€~~~CH
A ~j ..
‘~ .E FM FM C~V r.i C~~

I 
~ fl ,~1 çp~

L t—•
~

-••
~

---±
~~~~ ~~~~~~~~~~~~~IL ..— -~~ .---- ~~~~~- ~~~ ~~~ ~~ >, ~~

~~~ 

~~ 

ç;I,j ;

k 

~~~
°
~~~~~\ ; 

~

_ 
~~~~O 1 ~~~~~~~~~ 

II :.I ~I~~.TT~

F; 

•

~~~~~~

.- - . 
- ~~~~~~~~~~~~~~• )•.0 w . -•~~~ ---

~~~~~~

• . •

~~~~ ‘1 -

Fri.c 4 10k i~
1 K 

• 
K 

-- - _____  ____

20 

- 

~ 

L;g_’
~~ 

~~~ 

~~~ -~-—~ -- - • . - --.- . •• . . — 
--________

_ _ _ _ _ _  •



ew FM Fr ;- ri FM F’i FP’

d -±- ±
~~~

I •
~~~ )• )~ ~~ .~ 

,
~~ . ~ ~. ~ ~~, , > ~~ ,. , 

~~• - •_—-~. ~~ ~~ ~~

-

~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I~U A L  F R E Q U E N C y

.
~~~~ Fri

• • .
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~•-~~~ q~~~.,  I • -

~~~~ ~~~~ ‘I -
~ ~~ 

• >— - ~~ -~-:-1 ~~~~~~~ ~~~ 
-
~~

.
~ TL~~~~•:•~~ ‘: ______ 

_ _ _  

- - • - • . -

- . 

~~~~ -
\—--------—---------.

~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SIN&LE FI~E~~UE~4(Y
100 110 Izo 140

TUIE iN S~~’C0ND5



cu Ft i F l-I P~P1 Fri rr’ Cv.’ F~t1 rvi r~ F~1

~ ~~~ ±~~~~~~ 
,
~~~~ ~•d >~ ~‘• ~. _,. ,• -

~~ —~~ ,.. ,• .
~~~ ,.. •

~~~~ ~~~~ ~~~~ ‘
~~~ ~~~~

- 
~~~ ~ ,, ,.•_ . ~

H ~f 
Cw 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-- -

C~,’I ,~~ rl
-
~~~~ > I • . •

~~~ 
•- • ->. - - - - ‘~~~~~~ -. -- . - -- • -~~~ - -

~~‘ • ‘-‘ •
~~
,.i . .

~~‘ • -
~~I 

e > 1  ~~~~~ • • .
~
,.- •

~~‘•~~ 1

~L)psr L VER cw EV ~~P Y  5 T &  5T~R~ 4
I s r s TRA~~ INy~ERv,~L INItRYF” L l 0L1 O c,~ .%T

• . - ~ I—- - ~~~~~~~~~~~~~~~~~~~~ ~O K. 
~~~ —•- — 

~~~~~ I---—--,~ • • • -
- I • • 

~ 

I I I I I I I I .__ . > I •— -~~~~~ .—•--,~~~ — —_ — —
~~~~ .—•--——•.-~~~~.

r~JRs r Cw P~IER~’? clH Irc r~ vi
7 fT RACK Il-11EPV,~L. 

~~~~~~~~~~~~~~ &U~~iTI •~~- - .  >S I I Ia . . u I I .  •— 
. - • . - • - — — - ----—•-.- - - —. - - •

~~~~~ 1-—p .. • - - . - - -  - . - - - •— 
~

/,, \• — • • - •- -— . • - - - - -- -  .-• — •• -. ••-• .••-- .----•--~• I •~~~~• e • I I I• I I I~~ - • • • • • • . 
~~~~~~~~~ • ‘\

\ 
4

190 2.0 - 210 ZZo z30 240 2S•0

PAIR. AUT OMATIC opE~,qrINc, S~~Q~~ NC~~S~ NON~~A LEf~rj I
SE’~RCH F11 129/31 U P/Po~..N . • rrtAC~~ C4A 5

SE~~ C~4 Fri 129/;2. vp/ PO’vN rRAc~ 
CLAIS

- 10 ~~~• •

\ ~~~A~~~~4 c w~~l8

I 
_ _ _



rh r-~ ~~~ ~~~

~~~ ~~~ ,, ~~~~~~~~~~~~ ~~~~ ~~~ . p. 
~
,. ,. ~~~ -~a > ~~ ~ , ~~

~1~~
i--

~

---
•~ 
-i•

~ 
PM 

- -  

~~~~~~~
- 

- -

1 Fh i”
~-I - --- ~~----~~ - -- - -~A -

~~~~~~~~~~
- - - - • • •> . • - •  

~~~~~~~~~~~~~~~~~~ 
• • •. 
‘~~~~~

- - 4 -- - ---~>1 ••~~~~~~- ~~ip~- 
~~~ 

a 
~~

.m 
~~~~~~~~~~~~~~~ •

~~~ 

.• >.- 

~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~ •1

14
P. S1

KPM • ~~F~ip • • • .  ‘,.-.-•------- ~~~~~~~~~~~~ _ — .
~~~~~~ 

)- ..- •.~~~
_ 

>1 
~~~~~~~~

__
~~~~\ 

— 
.--- -,.- --—-- -,...—_~,p \ \ 6—-- - -  ‘~~~~~ — ----—- -~~~~~~ 

- 

-
~~
. \

Cw ~~~~VE R~~~ S~TH 4~At~c$ IN JI r& At..
rOLLOWIN& & u~Jr Icw 

• >1• 
- 

~
p1 

. .- -• --- -
~~~~~~~~ ~~~~~~~

•—-------- - - - >.-----—-- —--.
~~~~~

.-—-— -.-— - - - •• I >1 
-

z;o 24D ~S0 2~ 0 2~0 29° z~o

4.

c~ UE~NC~~S~ NO~~~A L E N rj r~Ii~- I 1or~~
• • rr~A~I( c~SA$SIFY Cw CW 32/ CW I 37 M.TE~MATJN~.

S ’ S  I I S I S~~~~~~ 
rRA(~ CLA ~5$l~ ? b~i~sr cw 1SO P lII &5, i P ~~‘

~~ Dr/5~.r

- 

• 

- . 
) _ 

__
_ _ _



CONFIQENUAI Table 9
Coverage Performance for Tactical Situation 1

VT 6 30

Vos 15 20 15 20

made - -

Classify ~~~~~~~ S D S D S D S D

i.oo 1.00 1.00 1.00 1.00 .67 1.00 .52 1.00

Hard 
1.50 1.00 1.00 .75 1.00 .51 1.00 .39 .93

1.75 .80 1.00 .55 1.00 .37 .90 
- 

.29 .69

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Easy
1.50 1.00 1.00 1.00 1.00 1.00 1.00 .83 ~.OO

1.75 1.00 1.00 1.00 1.00 .81 1.00 .63 1.00

Notat ion:
= Target speed (knots)

V
0~ = Own Ship Speed (knots)

• S = Single frequency mode
D = Deal frequency mode
K = Spacing factor; determine the amount

• of overlapping coverage.
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C~3~i!3ENT1~1
Table 10

COVERAGE PERFORMAHCE FOR TACTICAL SITUATIONS

Pings to Classify 8 Pings to Classify = 20

K5 Deal Mode Single Mode Dual Mode Single Mode

2 1 1 1 1

2.5 1 1 1 3.

3 1 1 1 1

3.5 1 1 1 1

4 1 1 1

5 1 1 1 1

10 1 .59 1 .57
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C6R~t1IT1AL
TASK II

Task Statement

From a tactical standpoint, determine how much a ship compromises

its situation by:

a. Alerting

b. Giving range

c. Giving own heading

STUDY RESULTS

Value to Submar ine Operat ions 
—

Informa tion about the Order of
ASW Ship Importa nce Why des ired

Has it detected the
submarine ? 1 1. To take evasive action

2. To launch a torpedo at the ASW
ship or other

3. To employ a sensor not normally
used (e.g., active sonar)

4. To employ countermeasures
5. To operate more openly

Range 2 1. To determine if detection
by the ASW ship is likely
to have occurred or to be
imminent .

Course 3 1. Fleeting value throughout
the submarines approach phase.

NOTES:

Range and course become crit ical dur ing the attack phase . However ,

during th is time the submar ine will gather informat ion by means of act ive

and passive sonar and/or periscope observations.

27
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Ana lysis Procedures

The results of th is task were obtained through a series of interviews

with officers attached to the ASW school and with active submarine commanders.

The ~uthor ’s general impressions gathered from these interviews are sum marized

in this section of the memorandum. The specific details of the interviews are

on file in Code 3320. The summary has been divided into three parts:

(1) An overview of the problem

(2) Interview responses to questions

(3) Specific cases in which a submarine

gains information about his own detection.

THE STJEMARINE CASE

Whether a submarine is operat ing in a defens ive or offensive ma nner,

its CO desires and has several ways to obta in informa t ion concerning the

presence of an ASW ship, the ASW ship ’s relat ive locat ion, course, speed,

equipment aboard, etc. In addition, the submarine ’s CO is interested in

knowing what the ship knows about the presence of the submarine. Once

detected, a submarine ’s CO ha s the following opt ions:

(1) Continue with his mission

(2) Begin to evade, either to break
contact or avoid an anticipated
antisubmarine weapon.

(3) Release a torpedo at the ASW ship
or at some other ship.

(4) ~nploy a countermeasure device.

(5) Empioy a sensor not normally used
In the situation (e.g., active
sonar, radar and/or periscope).

28
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There may also be other advantages to the submar ine . For example ; if

submarines are operating in a closely coordinated manner , the one who

feels he is detected may be more likely to use UQC to seek assistance

fr om his companions , or at least appra i se them of the si tuation.

It is clearly to the submarine CO ’s advantage to know that he has

been detected at the earliest possible time. He may therefore be assumed

to be alert for all indicat ions of dete ct ion , and to maintain a continuous

estimate of the likelihood that he has or will soon be detected.

Probably the most important reason the submarine wants to know

range to the ASW ship is to help determine whether or not the ship has

detected or is likely to detect the submarine . Ra nge estimates ob taAri ed

through observing the ship’s active sonar transmissions are not likely to

be used in fire control--for this the sub ’ s solution from passive sonar is

much preferred. Information from the sub ’s active sonar and/or periscope

will also be used in fire control if it is available.

Estimation of range to ASW ship is a matter of less importance to a

submarine than determination of whether the submarine has been detected.

Ship ’s course is of much less interest to the submarine than own-

detection and range to ASW ship. A good estimate of course is only needed

for fire control; prior to this time frequent destroyer maneuvers make

course estimates of only fleeting value.

In a multiple ship environment the submarine ’s ability to obtain

information is degraded becuase of the increased noise and the many pirigs

of various pulse lengths arriving from many directions with varying

intensities. Operations In a multiple ship environment has been referred

to as a “symphony of pings ” super imposed on a “symphony of noise.” In

29
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screen penetration operations , which will be the reference submarine’ s

operations for the remainder of this discussion, this will generally be

the case during the late approach and attack phase. Thus, although the

submariner would like to know whether he is detected , he may not be able

to because of tle prof’ussion of noises and the necessity of attending to

attack preperations.

However, even if he is reasonably sure that he has been detected he

may elect to continue his previous course of action (one cannot assume

that a submarine will break off an atta ck just because detect ion may have

occurred). There may be significant differences between nuclear and

conventional submarines in this respect. The nuclear may be more likely

to press on with their mission is spite of detection, possibly assuming

their greater speed and maneuvering capabilities will get them out of

trouble. Thus, in a sense, a nuclear submarine may care less about

detection than a conventional submarine .

The analysis is complicated by the fact that the submarine does not

have a single source of information about the surface ships ’ knowledge;

rather it has many clues, not all of which will apply in particular situations.

In addition to being able to detect changes in frequency range scale, pulse

length, and time between pings, the submarine looks for changes in ship

course, ship speed, use of countermeasure devices and anti-submarine torpedo

noises. So, although the use of automatic non-alerting modes may block

some avenue of information to the submarine, others may remain open to alert

him and/or give him range. It must be noted that many of the clues the

submarine ord inar ily uses to det ermine whether he has been detect ed are not

necessarily valid--a surface ship may badly deceive a sub through proper

sonar operat ion , as is discussed later .

30
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In outline, that is the su mFirirl e side of the pr Lien . The sub wants

to know whether he has been detected , he Las s€- .-~ra1 clues to determine this.

Not all of the clues may 1€ ‘~-a1id , sc/ne 1:~de€-d may La -;e been deliberately

introduced to fool him , lt will n : . alwaiys Le possible to obtain the c1u~s

available to one-~ r tv  -ship situatior~s when ~.he~-e are n~re ASW ships involved.

~~~~ 5~EIP ~2~~ F

The ship desires t. detect thr su~ n~ ri ne; : . r ‘ h Is  purpose he has

primari ly two sensors; a c t i v e  sonar and ;assi- . e so~.a~ ~~~~
- de finition . the

submarine gains no nf rna ion f r  Ir . t h e  sh ip ’ s use of passive so- . ’~r , b~ t

in his planning. he must include 1 never the less .  :f :-AI~ sh ips  are afle

to use active and passive sonar s imu1tenec - .~s1y we rnus ass- -~.~ 
- :a  the

submar i ne is aware of t h i s .  In act ive  sonar cper ~~ b r. , h owever.  the  s~~i p

has acne freedom of choice. He may p ir~ cr rot p ing . He nay vary ~.

range scale , pu lse l.en~~t .L) and other set t i r i ~ s. :-ie may use c--.. r - sor  fiy~ack

if it is avai lable and if he feels it is war ran ted .  He may operate

his equipment in such a way as to confuse or deceive the su’r r a r  ne--

not only can he try to deny the submarine the kncwledge that he has

detected the sub , but he nay wa nt an undetected sub to th ink  th a t  he Las

been detected.

The ship has a problem because he must both detect and classify the

submarine, and in general the type of pulse which is best for detection is

poor for classification, and converse ly. Thus, in order to detect and

classify as soon as possible , he must change from pulses of one type search

to those more suitable to classification . We may assume that the submarine

knows this, and therefore viii, upon hearing this change in pulse type ,

assume that the change is to better classify him--he is therefore detected

and hence In danger.

31
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The ship knows tha t the submarine wants to know as soon as possible tha t

he has been detected by the ship. The ship considers this information to be

valuable to the submarine , and may be prepared to operate his own equipment

and use tact ics  which are less than optimum for the express purpose of denying

this information to the submarine . Just how much information the ship should

give up is the issue here; it is strictly a trade-off situation which may

not have a clear-cut answer. At the present the USN seldom uses the flyback

feature on the SQS-23 sonar primarily because its use alerts the submarine

and gives range information. Other navies (Australia and Britain) no longer

use flyback either for the same reason. Other practices are also used in

sonar operation which are felt to deny information to the submarine . This

is evidence that the problem is indeed recognized and is acted upon by the

operational forces. It appears that these practices are not based on prior

analytical studies, bub have instead resulted from fleet experience.

In summary, the ship ’s problem is this: recognizing that alerting and

range information is often of importance to a submarine, to what degree (and

how) should the ship degrade his own sensor performance (from the initial

detection , classification , tracking and attack point of view) to attempt

to deny the submarine this information?

RESPONSES TO INi~~
,.rIEW QUESTT o: :s

Discussions ‘with several knowledgeable people were carried out during

this PAIR study . No standard set of questions was prepared beforehand ,

although certai n of the more important questions were asked in all cases.

1. Q. How does a submarine CO becone “alerted? ” How mary

clues does he have for this purpose arid what is the relative

importance of them? How accurate are the estimates of “time

of alert ing? ”

32
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A. There is good agreement on the possible clues , but

differences in estimates of the reliability of these clues.

Most thought that indication of destroyer course change,

change of range scale, use of short pulses, et c ., were

good indications of probable detection , but they are

becoming less useful as the surface ships employ more

deceptive sonar operation. Regarding accuracy of estimating

“time of alerting,” it was not possible to get definite

information.

2. Q. What difference does “alerting” (deciding that own- -

submarine has been detected) make in the submarine ’s subsequent

actions?

A. Here we find considerable disagreement between the

submariners interviewed . One commander felt that the submarine ’ s

CO is committed quite early and will often continue his mission;

other submariners were more concerned with  whether they had been

detected and would base their actions on these estimates more

frequently.

3. Q. What differences are there between nuclear and conventional

submarines regarding the importance of and use of alerting informat ion?

A. Alerting information is less important to a nuclear submarine

since he will rely on his greater speed, endurance , and maneuverability

to keep him out of trouble.

4. Q. How does a submarine estimate range to the ASW ship, and

what does he do with this range? How accurate are these estimates?

33
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Means to obtain Primary Utilization of
range Range Data Accuracy

Passive sonar General Requirements fair

Active sonar r/c good

Periscope F/C excellent

Intensity - - poor
Measurements

A. Whether or not intensity could be measured by submarine

instruments seemed to be a point of disagreement . This is curious

because it is a matter simply of equipment availability and

capability . It would appear that nobody expects a very precise

estimate of range from intensity measurements.

5. Q. How important to the submarine is knowledge of the

ASW ship ’s course?

A. Apparently not very important to anyone; chances in

course are more important . No one has ever heard of trying

to estimate ship ’s course by timing the RDT transmission .

During the approach phase a base course is important, while

during the attack phase the ship ’s instantaneous course is

important; however, this will generally be obtained through

per iscope si ght i n g s .

6. ~~~. How frequent , and how effective is the use of deceptive

sonar paractice~ (random changes in range scale , pulse length ,

and the like) by the surface ship?

34
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A. There is disagreement on frequency of utilization . One

commander found that random sonar operation is becoming more

common. Furthermore, it is effective . The others have not

encountered it frequently enough even to consider the possibility

that the ship may be intentiona’ly tryir/g to deceive the submarine.

1. Q. To what extent does the submarine CO consider the possibility

that the ship may be intentionally deceiving him through randomized

sonar practices?

A. See Questions 1 and 6.

8. Q. Are there significant differences in the amount of useful

information that a submarine can gain from listening to active

sonar operation against ships as opposed to one or two ships?

A. There are differences in operating against one or two

ships versus several ships . In a multiple ASW ship enviroanerit

the background noise and many pings in the water create a very

confusing picture . The effect on the submarine ’s operation depends

on the CO. Some submariners rely on fixed rules while others “play

it by ear ” and thus are more responsive to a given situation .

9. Q. How often is cursor fly-back currently used in initial

detection/attack situations? Does it give too much information

to the submarine?

A. Use of cursor fly-back is a dead giveaway , according to

everyone . The USN seldom uses this feature anymore.

35
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10. Q. Would information from ship ’ s sonar operation ever be

of direct use in  f i re  control?

A. No , howeve~ , it may be of indirect value in important

ways , no tu l ly going active when convinced that the ship already

has contact .

11. What is your opinion about the non-alerting mode concept ?

Are such modes needed for routine use? For occasional use?

Not needed at all? Are similar ideas worth pursuing further?

A. Everyone is pleased that someone is thinking about such

questions at the design stage. Most think that something like

them would be desirable as an option . No one thought they would

be routinely used , if available . One commander opposed them ,

primarily on the grounds that the submarine can ’t get the

information anyway, so why restrict ari d degrade your own

performance denying it to him?

12. Q. What is the need to search-while-classify?

A. There was not much discussion on this point . To the

extent that it was discussed , no one seemed to doubt this need.
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SPECIFI C CASES IN WHICH A SUBMARINE GAINS
IN’FORMATION ABOUT i-ITS OWN DETECTION

Several kinds of information may be exploited by a submarine to gain

information about his own detect ion and range to the ASW Ship.

1. Time between pings

A submarine can be expected to obtain the time between pings

transmitted by a surface ship. From these times it is possible to

determine the maximum range to which the ship is pinging, this in it self

may be a help to determine whether detection has occurred. For example,

if the submarine should know that the actual range is between 8 and 15, 000

,>rards , and if the ship has been pinging at the 5, 000 yard scale for some

time (as determined by ping t iming),  the submarine can be quite sure

that he has not yet been detected on active sonar .

If the ship is using cursor fly-back the submarine can tell by

timing the interva l between pings whether or not the ship is on one of

the standard range-scales; in addit ion a fairly good estimate of range

can be obtained , and from timing successive intervals an indication of

opening, closing , or constant range can also be obtained.

As mentioned , use of cursor fly-back is considered to be such a sure

sign of possible detection to the submarine tha t it is seldom used at

present by either the USN or other navies.

2. Change in source level

Changes in source level due to change from O.DT to SDT will probably

not be detectable because:

a. the submarine cannot measure intensity accurate ly .
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3. Change in pulse length

Often it is desirable to change pulse length when classifying a

contact. Such changes can be detected by a submarine ; the submarine usually

- 
interprets this as an indication that he has been detected.

4. Change in sonar frequency

This is only applicable when the ASW forces have the option of

different kinds of’ sonar to perform search and classify/attack functions .

(The UK uses several sonars aboard a single ship for different functions) .

In such cases the change to a higher frequency sonar is an indication to

the submarine that an attack is imminent .

5. Change of ASW ship speed and/or course

A ship may sometimes increase speed to close a contact more quickly.

Changes in ship speed are detectable by a submarine thr ough a change in

the solution for speed and course obtained by passive sonar, by changes in

turn count , and by visual observation through the periscope .

A ship may be compelled to cha nge course at contact time or while

tracking a submarine in order to obtain a better fire control solution,

unmask an ASROC launcher , or simply in order to maintain contact . Course

changes are detectable through the passive sonar solution or by visual

means . One of the main reasons a submarine cc~ es to the periscope depth

is to determine quickly any course changes by the ASW ship.

6. Weapon launch sound s

Sounds the submarine may hear from weapon launch are a rather sure

indication that detection has occurred.

38
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7. Torpedo sounds

Sounds from anti-submarine torpedoes, either radiated noise or

torpedo ping ing, are indications of detection.

8. ASW f orce tact ics

Joint observations on pairs of ships may yield information that

single-ship observations would not . For example, if two ships are

both closing the submarine he may be more likely to assume that he

has been detected than if only one is closing.

9. Signal arrivals

A method known as “ping stealing ” can sometimes be used to get an

estimate of range, and perhaps from this an estimate of own-submarine

being detected. One calculates the difference in arrival times of a

surface ship ping via two different paths--direct path and bottom bounce.

This method can only be used at longer ranges (say, greater than 15 or

20 kiloyards) and is never very accurate.

10. Signal intensity

At present US submarines do not obtain good estimates of range to

the echo-ranging ship through the use of signal intensity as ind icated

by sonar intercept equipment . This is due both to the inadequacies of

the intercept equipment , the imperfect knowledge of local environmental

conditions, and to our inadequate knowledge of propagation. Rough

estimates of range may be made by intensity, either as recorded by an

instrument or “measured” subjectively.
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11. Signal reverberat ion content

A standard submarine tactical publication outlines a method

“currently under evaluation.” This procedure consists of measuring

(at the submarine) reverberation from the reciprocal bearing of the

ship. When the ship is close enough this reverberation can be

observed, otherwise it cannot . This gives a rough estimate of

range, and hence of likelihood of detection of own-submarine.

12. Passive sonar

The submarine is continuously (unless he is at high speed)

using passive sonar information to estimate speed, course, and range

to the AS~’1 ship. Since submariners use this generated information

in fire control in preference to that derived by the methods just

discussed, the best range estimates are available from this source.

Estimation of range enables an estimate of likelihood of own-submarine

detection to be made.

CO~FIDEUTIAL
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TASK III

Task Statement

Analyze the ability of PAIR to interface properly with ASROC

(Nk 111 and Mk 114) when in the non-alerting modes, i.e., adequate

data rates, track ing ac curacies , etc.

STUDY RESULTS

Target
Mode Track Constant
of transmissio Velocit y Maneuvering

Single Frequency Mode acceptable Marginal -

Dual Frequency Mode acceptab le acceptable

NOTE:

The indicated results were obtained by comparing the two automatic

non-alerting transmission modes to conventional (manual) modes of’ operation.

Dual Frequency Mode

The dual frequency mode of’ operation should be adequate , since , if

anything, it should enhance the data rate. The search keying interval

would be set to the range scale just beyond the sonar range of the day and

the track arid classification (T/C) range scale setting would generally be

one setting lower than the search setting .

Single Frequency Mode

The single frequency mode of transmission would degrade the tracking

performance of’ the Mk ill and Mk 114 weapon systems. The degration is

prevalent in cases of:
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1. Large observation errors and/or

2. Maneuvering targets.

In situations where the observation errors are small and the target is

proceeding with a constant velocity vector the mode should generally prove

adequate.

Analysis Procedures

The analysis provided for in this task is of a qualitative nature.

The results are inferred from other studies.

A~ 2ACK CONSOLE MK-53

The target course solution of the manually operated Mk 53 is an

“eyeball least squares” arid is obtained usually by an operator using a

cursor . Target speed solutions are obtained by aligning a “speed

shadow” with either the end or fourth point depending on whether

end-point or 4-point speed solutions are desired.

Reference 3 indicates that the 4-point tracking process performed

by the operator using the Mk-53.

-l (x~ - x~3 ) + 1/3 (x ~1 - Xn_z)
C ta n ________________________________

- Y~~3
) + 1/3 

~~n 
-

(i) 2 2~~
S = [ (X~

_X
~~3
) + (y - Y~~3) 

]2

t - tn n—z

where: C
T, 

S = the targets present est imated course
T and speed respectively.

X
n) 

Y = The targets X and Y coordinate position
ti respectively, at the time of the nth

ping.

= The time of the nth ping
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These estimated courses and speeds are used to update the targets

position until the next data point is received. The accuracy of the

prediction then is a function of:

a. How good the estimates of CT and ST are

at time n, and

b. What the target does in the interval

between t and t~~1 )
The behavior of the tracking function under the dual frequency

mode is similar to current operations in that a relatively constant

data rate is maintained . However, in the single frequency mode a

gap, which varies between 3.125 and 3T.5 seconds exists between TIC

ping sequences. This gives the target considerable time to maneuver

at the higher search range scale settings (Table 11). These gaps have

the following affect on the tracking system :

1. Because of the gap between the T/C ping
sequences more time is required to
establish a track.

2. The increased time between tracking
signals at the gap introduces heavier
smoothing then may be desired and
thus decreases the responsiveness of
the system.
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. 
‘“ Table 11

TARGET TRAVEL AS A FUNCTION CAPTINE
AND MOTION PARA~~TF1RS

_________________ Distance Traveled BY Targets (yards) ___________

Sub. Speed
Lime 6 knots 12 knots 18 knots 30 knots

of the gap
(seconds) 3.336 y,Is 6.672 y/s 10.008 y/s 11.12 y/s

62.5 208.5 417 625.50 695

37.5 125.1 250.2 375.30 417

25 83.40 166.80 250.20 278

6.25 20.85 41.70 62.55 69.5

3.125 10.425 20.85 31.275 34.750

____________________ 
Angle ‘Nrned Through During the Gap (Degrees)

10 3° 6°
gap (second~ 5 - ~ ,,~~ _____________ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _________________

62.5 62.5° 187.5 37.5

37.5 37.5 112.5 22.5

25 25 75.0 150

6. 25 6.25 18.75 37.50

3.125 3.125 9.375 18.75
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Task Statement

Determine minimum spacing of ships with PAIR.

Study Results

Minimum ship spacing is equal to a spacing factor of 1.5 t imes

the lelow-J~ayer detection range .

(1) SM = (Ks) (E D)

(1.5) (1.8) = 2 .70 kyd

The below layer detection range is conservative and will probably

be of the order of 3 kyd , which would result in a spacing of 4 .5 kyd.

Analysis Procedures -

The task of specifying a minimum ship spacing is compli cated by

the many variables involved. However , by res t r ic t ing  the A S- T operations

to “worst case” models some insight into the problem can be achieved .

In Task 1, models were developed for calculating the operationa l

effectiveness of the PAIR non-alerting modes. In that study it was

found for Model 1 (overlapping sonar coverage) that for a spacing factor

of 1.5 the coverage performance of’ the dual mode is above .90 in all

cases (Table 9). -

Thus, under the specified conditiai s, for K3 
1.5 sufficient time

is available to cope with most tactical. situations .

Another aspect of the problem worthy of comment i s  the effect  of

arid ship spaci rig on the probability of contact. Reference 4 defines

the relationship between sonar coverage factor (C), sweep width (w) ,
and ship spacing (S):

(2) C = w
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Letting

(3) W 2R~

and

(4 ) s =

Results in

2(5) C

For K3 = 1.5 C = 1.33

Figure 9, taken from reference 4 , shows that for K
s = 1.5

a high probability of contact by the ASW ship is attained.
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