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ABSTR ACT

When designing an active sonar hoiing torpedo, cer tain
operational torpedo parameters such as speed, turn
rate, etc. have to be decided upon. For a given

hom ing torpedo, there mus t  exist tactical guidelines
of how to employ the torpedo, i.e. which firing

position gives the best chance of a hit. This thesis

attempts to gain some insight into the detect ion

process durin g the torpe do run , as well as gett ing
some indications of the relative importance of the

differen t torpedo paramet ers and the tactical

situations. ~ siniulaticn model was used in order to

gener ate the data base for analysis. The results

stress the importance of a good firing position as

well as show how it is possible to counter a bad

firing position by a high speed torpedo. They also

point to the importance of ha ving only ~ne de tection
as requiremen t for target acq uisition.
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I. INTRODUCTIQI

The following analysis examines the performance of a

homing torpedo against a surface ship. A homi ng torpedo is

described as a torpedo which is searching/snaking on each

side of its mai n course. It is searching for a target by

transmitting with its sonar and listaing for an echo. Ref.

Fig. 1. Passive searching torpedoe s and homing torpedoes

going in circles are not investigated in this paper.

The torpedo ’s per formance  is a f u n c tion of many
variables. These variables are divid- . .1 into two groups;

- technical varia bles; speed , max torpedo run , sweep
angle, technical detection ran ge, lob e charac teristics
and turn rate.

— tactical vari ables ; f i r i n g ran ge, attack angle ,
target speed, type of target and tactical detection

range (sonar conditions).

No attempt is made to analyze the first grcup of

vari ables; instea d, technical  varia ble s used ar e those of
present technology. We are assuming a ‘stan dar d homing
torpedo ’ based upon homing torpedoes in operational use

today (8). This ‘standard torpedo ’ assumes conven tional
warhead and active sonar tra nsmission for detection., an d is
unguided .

11
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The technical. variables (torpedo parameters) are it many -

ways interrelated. For example, the m a x i m u m  detection range
will determine the transmission rate, since the transmitted -
energy must have time to traverse out to maximum detection

range and return as an echo before the next transmission, at

least during tne search phase.

A t the same time tbe torpedo is transmitting, it is
searching (changing course) for a target. In each

transmission , the transmitted energy is focused within a

narro w beaw (lobe) - During reception , the echo is confined
within the same narrow beam(lobe). Concurrently, in the

time between two transmissions the turning rate of the

torpedo must be limited to ensure that the receiving lcbe is
not outside the direction from where an echo may return .

Thus turn rate should be a function of detection range and
the lobe pattern.

In order to maintain torpedo speed , the n u m b e r  of
degrees of sweep on each side of the main course m ust be

small. If the sweepan gle is small, however , the width of
the possible detection lane will be small as well, and
consequently the detection probability might be reduced 

-

during transit. Also, a high torpedo speed creates a great
change in torpedo position between each transmission. In

this way the torpedo may scan outside a target in the sweep

lane. In other words, the coverage density of the lobe may

be low as a result of the high movement rate.

As we recognize the relationship between torpedo

parameters, tactical variables and torpedo performance , we

know that frequently within the naval establishment

decisions have to be made with regard to torpedo parameters

and tactical. doctrines . In localizing and defining these

relationships this analysis may be a tool in this

13 
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decisionprocess.

The measure of effectiveness by which different
alternatives will be judged will be detection probability,
by which is meant the probability that the torpedo ’s active
sonar detects and begin s to track the target. This
probability will be measured by a digital computer
simulation, construction of which was a major part of the

author ’s effcrt in writing this thesis.

14
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II. N A T U R E  OF THE PROBLEM

A. DEFINITI ONS

Lobe width  is the number  of degrees f r om  the
centerheading of the torpedo, until the first minimum in

transmission intensity is reached. See Fig. 4.

Detection range is the rang e .to the target when

detection first occurs.

Technical detection range is the max detectiofl range

which is technically and reasonably possible consi dering
power transmitted and lobeuidth . It is the basis for

- 
. 

determining the transmission rate.

Aspect is the angle measured from the positive direction
of the longitudina l axis of the target to a line joining the
centers of gravity of the target and the torpedo.

Attack angle is the aspect at the start of the torpedo

run. 
-

Sweep angle is the maximum number of degrees the tcrpedo

will turn off the main course during search.

All dimensions are in me ter, second , me ter per second ,

degree, degree per second. Speed of the target and the

torpedo are, however, always given in knots.

15



It is ass.j med that all fi ring s a re  successful, and the
torpedo will not deviate f r o m  i ts ordered/calculated course
and speed.

All f i r ings  are made wit h a deflection angle; i.e. the
torpedo is given a course to a predicted hitting point with

the target.

B. ASSUMPTIONS

Not only in order to keep the problem t rac table, but
also because of modern torpedo development , only surface
targets are considered . Previously within NAT O, torpedo

developments seemed to start as a development of an
anti— submarine torpedo with later modifications in order to

make the torpedo dual purpose. However , today there are

some indications that the anti—surface ship requirement is

coming into the development early in the planning process
[7;8;9]. The entire problem is then kept in two dimensions.

The vertical axis is not significant as we assume

isovelocity condition, and we assume for simplicity that we
have negligible surface effect.
Also, if the intensity of the echo is above detection

threshold level, the target is detected with probability
one. Probability of false contact is assumed to be zero.

The main purpose of a homing torpedo is to counter

uncertainty in target data at firing and target maneuvering

after firing.

For simplicity the following assumptions are made:
— the target remains on a steady course after firing.
— estimated target data is used in solving the

deflection angle problem 

:i.
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— deflection angle (DA) is given by;

DA = ARCS IN ( (TAM x SIN (ASP ) ) / TO)  (2.1)

TAM = target  estimated speed
ASP = estimated aspect

= (target estimated course) —

(bearing to torpedo)
TO = torpedo speed.

See Fig. 2.

The difference between the target data and the target

estimated data are defined as errors in the target data.

These errors are assumed to be random variates and are given

as;
— target range error is uniformly distributed between

— 15 % and + 15 % of actual target range
— target course errcr is uniformly distributed between

— 15 and + 15 -degrees
— target speed error is normally distributed with mean

0 and standard deviation 3 knots.

Thes e errors are assumed to cover errors in t h e  f i re
control solution at the t ime of f i r ing  as wel l  as
non—radical maneuvering of the target during the tcrpedo

run.

As shown in Eq. 2 .1 , est imated range  does not enter  into -
the calculation. Estimated range would only be used for

some more complicated tactical situations as angled torpedo

firing off the firing course of the firing unit. These 
-

situations are not covered in this study.

17 ii
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Figure  2 — TORPED O T R I A N GLE
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III. ~~~~~~ SOLV~!Q ~PPROA~~

At firing, the initial course of the torpedo is

uniformly distributed between minimum course and maximum

course (main course +/— a fraction of sweep angle)

Immediately after firing, the torpedo starts ‘snaking ’.
During snaking, the torpedo is continously changing course
left or Eight out to the given swee pangle , then back past
main course and out to sweepangle on the other side and so

on. The torpedo is turning with the given turnrate. Curing

the whole process, the torpedo is also transmitting and
listening. Tran smission interval (TTIME) is given by

technical detection range as;

TTIME = 2 x TEDEC/1500 seconds (3.1)

where

TEDE C = technical detect ion range in meters.
1500 = speed of sound in salt water , m/sec.

The torpedo run is conducted in steps. Every 0.5

seconds interval, all positions and courses are updated.

At each transmission ; the relative bearing to target,

and the target aspect are calculated in order to establish

the intensity of the echo.

When a detection occurs, the following data is stored;
— detection range to the center of the target.

19
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— detection range to the nearest part of the target .
— detection bearing (relative) to the center of the

target.
— detection bearing(relative) to the nearest part Cf

the target.
— target aspect.

In addition to the detection probability, the range at

which the detection first occurs is also of interest.

Therefore, we store these data at the first detection.

However , successive detections are also important. As

part of the criterion for the decision of when to go from

sea rch—phase to a t t ack—phase , the number  of successive
detections (with no non—detection between) may be employed.

In real life there is always a positive pro bability of false
detection. Even if we are not addressing the problem of

false contact as such, we can cover the possibility b y
requiring the tor pedo to have at least two successive

detections before going into attack—phase. Accordingly, we
store also the previously listed data at the second
successive detection (two immediately following detections),
at the third and so on , up to and including 5 successive

detections. This listing of detections vii]. give an

indication of the decrease in detection probability if a
large num ber of successive detections before going into

attack—phase is required in order to decrease the

probability of false contacts.

20
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IV .  MODEL

A. S EARCH

For simulating the torpedo search, a Fortran IV

simulation program was developed .

The program was divided into;
— Main program , including generation of statistics and

print out of summary after all the runs were completed.
— Subroutine PARMET for setting tactical situation and

torpedo parameters.
— Subroutine FIRING which calculates estimated target

data, and the deflection angle.
- Subroutine PO SIS which calculates the torpedo course,

and torpedo and target positions at each time step.
— Subroutine DETECT which checks if the target is

detected and if so, store detection data.

See Fig. 3.
• See Appendix A and Appendix B.

I

L _  
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B. DET ECTI ON MOD E L

A contact occurs when the acoustic energy—pulse

generated at the transducer and reflected from the target as

an echo, is at or above threshold level. In the following

discussion we assume that the contact meets the tactical
requirement , and accordingly we use the term detection .

1. Detection Threshold

Deciding if a detection occurs is a funct ion of

detection threshold (signal to noise ratio), the range to the

target, the target strength and the relati ve bearing to the

target, given a level of radiated intensity.

The detection threshold for  a torpedo is a f unc t i on
of design and technological sophistica tion of the torpedo.

Witho ut making any assumption about these variables in the

m ode]., we start with a given technical detection range , a
‘standard’ target , and calculate intensity of echo at that
range for target aspect equal to 90 degrees (maximum target
strength) and relative bearin g to the target equal tc zero

degrees. This echo intensity is then the detection

threshold for every transmission during a run. If any echo

intensity is above the detection threshold , it is detected ;

if below the detection threshold , it is not detected.

2. ~~ A2 ~~~ ensitj

In calculating echo intensity we must separately

investigate the imp ortant factors, whic h are transducer

23



gain, lobe characteristic , transmission loss and target

strength. The model used is described below.

24
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a. Lobe Characteristics

The t ransducer  has a main  lobe and many
sidelobes as a function of the transducer ’s gain and
relative bearing. Urick ( 6 ; 5 1 — 5 7 J  discusses some of the

• different types of beam pattern (lobes) , and the fo l lowing
ma thema tical model was develo ped and found to give an
acceptable pattern ;

ISIN (x Tfl I
G(8) = G j,.____ j COS(e/2) (4.1)

I xir t

wh ere
x = 8/8 (4.2)

and

G = maximum gain

e = relative bearing
8 = lobe width.

0

This model wi l l  produce the  g a i n — p a tt e r n  as
shown in fig. 4.

25
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Figure 4 — DISTRIBUTION OF LOBES AND INTENSITY
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b. Reduction in Intensity due to Range

Primarly, the reduct ion is due to two effects;
spherical spreading and absorption.

Spherical spreading is a known function, but absorption is

dependent  upon  transmission fre g uences , water , sal ini ty  etc.
In order to simplify the model and since spherical spreading
has the greatest effect, only the spherical spreading for
reduction in intensity is considered . This reduction in a
one way propagat io n is given by ;

2
I I / R  (4 . 3)

where
I = radiated intensity at one me ter
0

I = intensity at range R.

H = range in meters.

c. Target Strength and Target Aspect

When the transmitted energy pulse hits the

target, some of the energy is reflected back to the
transducer. The echo intensity is a function of the shape

and dimension of the target, type of reflective ma terial and
aspect.

It should be noted that the notion of target

strength represents the ratio between target cross section

and the surface of a sphere of radius 1 me ter, or if in dE ,
10 times the log of this ratio ; base 10. In most

references, the taiget strength or the target cross section

is given ab eam of the target, see [5;97],[6;274], without
presenting the cross section as a function of the aspect.

Urick (6;282,283] gives , however , as figures , an indication
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of how the target  s t rengtb (in dB) var ies  with t he  aspect .
Cox(3;60 ] states that  it vii]. vary  between 10 and 25 dB.
Al]. measurements in dB in the two references are relative to

• 1 yard  as unit for range. Urick(6;283—286 ] indicates that

his re fe rence  (as given in the f igures )  will not change in

any considerable degree wi th  changes in frequencies (20—60

KHz) or for different targets (submarines/surtace ships).
Assumi ng a torpedo with transmitting frequency

between 50 and 60 KHz , we get a wavelength varying between

2.5 and 3.0 ca (O. 025  — 0.03 met e rs) . As a n y  ref lect ion from
a. target is mostly determined by target form , size, aspect

and wavelength , we may use a model from radar theory in our

next step. The justification for this use is that in radar

theory we -are working in the same area of wavelength and

target dimension as an active sonar for a hc.ing torpedo.

Crispi n and  Siegel 14;86 ] give for t arge t  cross
section a model for an ellipsoid where the incident

angle (target aspect) is a variable. The relationship is as

fo l lows;

2 2 2
T.a b •c

2 Z 2 — 
2 2 2 ~~~~2~~~~ 2

( a •SIN 9-COS q + b •SI N 9 .5fl~ ~ + c ~COS ~)
(4 . 4)

a , b , c being half axes of the ellipsoid.
Ref. Fig. 5.
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As we assume that the transmitting pulse is

always in the horizontal plane, 9 is 90 degrees, which gives
us;

2 2 2
11.a b -C

= 
______  ____  ____  (4.5)

2 2~~~~2 T
(a •COS ~ + b •SIN ~

)

= aspect.

Urick t6;275] gives for target section a model
for abeam or ahea d cases, which  is;

2
t = d/ (Lfl1~) = ( b .c/ 2 -a )  ,

identical with Eq. 4.5. Note that Eq. 4.5 is an
expression for the target cross section.

Haslet t ( 5; 1 39] gives for the target cross section a model
for both ahead and abeam cases. His model equals Eq. ‘4.5

2
times a factor R , where R is acoustic reflectivity

coefficient (per cent) = 94.

The advantage of using Eq. 4.5 is that it giv es the target
cross area as a continous function of the target aspect.

For our model we wi ll only use the lower part of the

ellipsoid to simulate the ship hull below the water line.

Combining Eq. 4.5 and acoustic reflectivity

coefficient we get the following model for the target cross

section ;

2 2 2 2-tr .a ~b -c ~Rd — 
(4.6)— 

2
(a •COS Q + b -sIN ~

)

With reference tO Urick ’s f igu res  ( 6 ;2 83]  where
the pattern of the target strength is given as a function of
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aspect in Fig. 9.13, and reproduced in this analysis as

Fig . 6.a , we still have not obtained a model which  gives
the same type of pattern. By apply ing  the fo l lowing scaling
factor to Eq. 4.6 we have approximated  his  in fo rma t ion :

U = (0 .251635.,
2 

— 0.18555~~~~+ O .0 3 6 5 .SI N (3 .(ç + 0. 17453))

+ 0.015•~ •SIN (9•~~/2)) ( ‘4.7)

We then hav e as the target cross section in our model the

following expression;

d = d x I J  (4. 8)

where ~ and U are as previously shown.

Fig. 6.a and Fig 6.b shows an ‘ideal’ pa ttern an d a mo del
pattern . The figures given by Urick are for 1 yard as

reference distance, but have been converted to 1 meter
reference distance in Fig. 6. To go from dB (yard) to
dB (aeter), we subtract 0.78 dE. The dB as given in this

analysis  are all wi th  1 meter  as reference distance.
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The active sonar equation is;

P •G • ø G  - A
0 t rp = 
____ _________  

Watts ( 14 .9)
—
~~~~

-
‘4
—

(14 .~I) ‘ H

P power received
P = power transmitted
0

G = gain transmitting, ref Eq. (4.1)

= target cross section, ref Eq. (4.8)

G = gain receiving, ref ~g. (4. 1)r

A = wavelength in meters.

H = range to target in meters.

This may be rewr itten into an expression of power received

as a function of the variables of the different terms;

SIN(X .11) SIN(X -ir)
t 2 2 2 2  r

_ _ _ _ _ _ _ _  I - a •b •c •R I ___

I
_ _

~~ ..w __
I 

- __

t r
2 K  

_ _ _ _ _ _1 T 2 ~~~~~~~~~~~2 2 2
H • ( a •COS V + b -SIN ç)

(4.10)

K = the  product of all the constants in the terirs.

For more detailed discussion about gain,

transmission loss and reflection (target cross section), see

(1;110—1 11] and (6:29 ,94,263].

We can now calculate the minim um power level for detection

by setting:
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B = technical detection range
t

X = 0  degree

X = 0  degree
r

p = 90 degr ees
and we get

2 2 2 2
a •b •c -H -U

P 
• 

= K — — (4.11)
sin

4 2 2
R .( b )

and by substitutin g fo r  U

2 2 2 2
a •b •c •R 3.08657

P = K 
— — (4.12)

sin
4 2 2

R .(b )

a , b and c are the  dimension of the target used in the

model.

We assume a ‘standard’ target, length 100 meters , bea m 15

meters and draught 4 meters, i.e.

a = 100
b = 1 5
c = 4.

There will be a detection if P/p > 1. Note
mm

that  P/P does not depend on K, int o which ra dia ted power
mm

and transducer gains have been included. The technical

detection range H is an operationall y meaningful surrogate

34
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for  these parameters . The ratio P/P will be called themm
“intensity fraction” .
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3. Detection Rule

Any intensity—fraction calculated during a

t ransmission which is greater than 1 is a detection.

However , to improve the model at close ranges, the following
modificat ion has been made for gain varia tion due to
relative bearing.

At close rang es, the relative bearing to target can

alter considerably from bow to stern. Therefore, the

intensity in the pulse will differ along the target . To

average this intensity both for the radiated pulse and for

the echo , the mod el calculates relative bearing to the

target bow , center and stern , calcula tes the correspon ding
• gain factor for each bearing, and finds the arithmetic mean

of these gain factors. These two average

gainfactors (transmitting and receiving) are then used in the

calculation of echo intensity.

The mo del does not recognize a detect io n unless the
tactical situation sakes it possible to maintain contact

with the target for some time. To be precise, the followin g

condi tions mus t be presen t ;
— torpe do turn rate higher than bearing ra te
— closing speed must be positive.
— target m ust have 2 knots doppler.
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V. PRESENTATION OF DATA

A. STOCHASTIC ELZ~ ENTS

In the previous description of the model , th, following

input values are stochastic;
- error in target ~~eed

— error in tarjet course

— error in target :an;~
— in it i~~l to rpe lo :c’~r se  ( n - ~~~~~~ ;ou: i.~) -

The pr :3aL~ Soc~.a1’~ c .::~~c i  or. !~~~~~~- or~ edo

performance i:~ ~~~~~~~~ ~s .‘r~ ~~ ‘a:~ # ~~~~ a~~~~

cour se, ~~~~~ ~~~~~~~~~~~~ t~ v 4 r t a ~~..k tr• t ke  ~r-~~y ~c -~~~~::
ones use~ .n c ‘.u~~ ni ~~. • 

~~~~~ s s •~ .~~~~ w . Tb. ::~~~s

probl em ~~ ~e 5O~~v .~ .$~ • .r. ~~. r~ r 5-: ,~s

in ~ri.e r •o r.diac. va ::i- .~~~- - u s e  •
~~~~

- . ~5

keeping ne :øs-~~~ unn~ is~-

It was  f o u n ~ ~It 5 *-  - s . -~~ ~ iD1C.iZe ~

~~~~~~~~~~~~~~~~~~~~~~~~~ . - 
~~~~~~~~~~~~~~~ s. j on

the proba~ ili~~v ran g— ~~~ - ~~ 
-
~~~~ a ~~ ~r t r’ :~~md os

variibles , us~ :~ 
-
~~~~. mv.rs. ~~~~~~~~~~ ~uaf~~rae ~~~om ~~

get v ar i a ’ -~s , an~ h~ n ru ~ P. ~~~~~ ~~ r.i m ,s r~~-n~~~ ,d - o
cover a ll  c o m b i n a ~~~~n s  ~

SO•e ~rel im ~.nary siau1a~~~on :u:~s ~.-r e ~cn~ :r~ ‘hr ~~
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versions; complete randomized and independent; with

antithetic reduc tion techniqu e (sec tioning ) ; an d the
previously described procedure . The number of runs needed

in order to keep the variance low for the result was

considerably higher for the first two versions.

Accordingly, we selected the previously described procedure.

It was foun d that a series of 150 runs was sufficien t in
order to give a reasonable accuracy in detection probability

and at the same time keeping the total CPU time for a series

of runs acceptably low. The 150 run series was established

by dividing the range of probability of target speed errors

into 15 equally space d sections ; and the rang e of
probability of target course errors into 10 equa l ly  spaced
secticns. Each section boundary point was by inverse

probability transfor mation converted into a variate.

Bearin g in min d that spee d errors are normally d is tri buted
and cours e errors ar e unif orml y d is tri buted, all

com bination s of target data error are plotted in Fig . 7.
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B. TYPE OF PRINTOUT OF DAT A AND RES ULT

Each series of 150 runs produces a printout as shown.

The heading cf the printout gives the tactical situation and

the torpedo parameters in the given run series. Also , the

prin tou t gives the sweep lane , which is the width of the

lane where the torpedo has swept through by its sonar lobe.

The covera ge ra t io gives an ind ica tion of the frac tion of
the lo be, which is covered twice; i.e. how such the lobe is

being offse t from its previous posi tion b y change in the
torpedo course. The question of offsetting the sonar lobe,

about which  i n fo rma t ion  is given in the p r i n t o u t , is
discussed later in Ch.  VI. .

- - • 
-

R e f .  Fig . 8.
For each run , the fo l lowing  are ou tpu t :  t a rge t  data ,
tor pedo deflec tion an gle, tor ped o main course , target and

torpedo gri d position at end of run , dura t ion  of torpe do run
and length  of torped o run .

Af te r  all runs in a series are comple ted , a s u m m a r y  is
given.

Ref. Fig . 9.

The summar y gives detection probabi l i ty  for a single
detection, 2 successive d etec tions , up to 5 succe ssive
detections. Also mean detection range , s tandard  devia t ion
of detect ion range , mean aspect , mean detect ion bear ing
re la t ive  to center bearing of sonar lobe and r e l a t i v e  to
main course are given.

ii
Last ly ,  the detect ion r a n g e , the  r e l a t i v e  bear ing  to the

center  of t h e  target  and to the  closest p a r t  of t he  t a rge t
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at detection (re la t ive to present torpedo course) , and 4he

target aspec t at detection are printed for each run for a
single detec tion, 2 successive and 3 successive detections.

It also should be noted that it is possib le to get a
sore detai led pr intout  fo r  each run by setting I P R IN T  = 0 in
the sam progras (sam progras statesent 335).

Ref . Append ix  D. for  Exa sp le  of detailed run p r i n tou t .

Pros the printout data , it is possible to stud y
different aspects of the -detection process as well as to
generate distr ibu t ions  of detection range , aspect , bear ing
etc.
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VI. PARAMETRIC TORPEDO ANALYSIS

F
A. OBJ EC TIVES

The following approach was used:

The torpedo speed, the technical detec tion range an d the
lobe w i d t h  were assuLned to character ize  a torpedo t y p e .
Within  the type , it was  possible to change  the tu rn  rate and
the sweep angle.

A tactical situation wa s characterized by the attack
angle, the target speed and the firing range.

The following questions were investigated :

— Can a torpedo be inproved by o f f s e t t i n g  its sonar lobe
fros the torpedo hea d ing ?
Rephrase d; it nay be aske d, is the sonar lobe searching
in the right direction (uiost likely area) by

pointing straight ahead along the torpedo course ?
— How do turn  ra te  and sweep angle a f f e c t  a torpedo ’s

MOE ?
— How are the  d i f f e r en t  torpedo types  related to each

other with regard to detection probability (MOE) ?

In the analysis, we star ted with a reasona b le tac tical
situation; targe t speed 18 knots, range 3000 m e ters,
technical detectio n range 750 meters. Initially, w e changed
the  a t t ack  angles.
With regard to torpedoes, we star-ted with three types of
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torpedoes; 24 knots , 32 knot s and 40 knots ; all wi th  20
H degree lobe width, 6 degree per second turn rate and 30 

1

degree sweep angle.

B. OFFSETTING SONAR LOBE

The hypothesis was that whe n a torpedo is fired on a
deflection angle course, the sonar lobe should be sost
ef fec t ive  if it scans across the bear ing to the t a rge t .
Or, the sonar lobe should be o f f se t  equal to deflection
angle ( D A ) . Ref.  Fig. 10.

It was found that offse tting had a positive ef fec t when
attacking from ahea d o f target .
R e f .  Fig . 11.a. and b .
But froa about 30 degree to about 110 degree attack angle

the effect was negative .. If more than 110 degree attack

angle, there was no effect.

In analyzing the fraction of offsetting, we analyzed the

case of 30 degree and 60 degree attack angle. There seemed

to be no effect from 0.0 to 0.5 x DA; if more than 0.5 x DA

there was a decreasing efficiency.

This was found for 2 types of torp edoes (32 and 40 kno ts; 20
degree lobe width) at 2 different sets of turn rates and

sweep angles.

This conclusion applies for both single detection and

mul t ip le  successive detect ions;  however , the m a g n i t u d e  of
the  eUect is changing as we look on different num ber of
successive det ections . The  conclusion was  t h a t  the re  is
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little to be gained by o f fse t t ing  the  sonar lobe , and  the
sonar lobe was therefore  not o f f se t  in subsequent
investigations.

4 !
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Tactical Situation - Torpedo Param eters
Range 3000 m Sweep angle 3Q0

TA Speed 18 Knots Lobe width 200

Det. range 750 m Turn rate 6°/ s
First d~~çc~tion ______ -______ ______ ______
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Figure  11 — EFFECT OF OFFSETTING S O N A R  LOBE
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Tact ica l Situation Torpedo Porrjrr~~ters
Range 3000 m Sweep angle; ’ 300

TA Speed 18 Knots Lobe width 20°
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F i gur e  11.b.  — EFFECT OF OFFSE TTtNG SONA R L OBE
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C. EFFECT OF TURN RATE

The effect of turn rate was investigated in the range 3

to 21 degrees per second in steps of 3. For both types of
torpedoes the model showe d an increase in MO E as turn rate
was increased. The MOE leveled o f f  as turn rate was

approaching 15 — 20 degrees per second .

The reason may be due to the 1 second transmission
interval and the 20 degree lobe width, which indicates that

the torpe do should be turned at a turn rate equal to lobe
width divided by transmission interval for maximum MOE.

However , as the number of successive detections required is

increased , we get maximum MOE at lower turr . rates.

Fig. 12 shows the change in MOE with turn rate for 30 and 60
degrees attack angles.

From Fig. 15 wher e different combinations of turn rates and

sweep angles are plotted versus MOE , we see that the effect

is negligible from about 60—80 degrees to 180 degrees attack -

angle.

A 6 degrees per second turn rate is compared with what

may be termed an ‘optimal’ turn rate in Fig. 13. The

‘optimal ’ turn rates wer e established by the general trend

from Fig. 12 and Table II.a and II.b.

The following turn rates were identified as ‘optimal ’;
— 15 degrees per second for the 32 knots torpedo

— 18 degrees per second for the 40 knots torpedo .
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Tact ical  Situation: Range 3000 m
TA Speed 18 Knots
Det . range 750 m
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Figure 13 — C O M P A R I S O N  OF TORPEDOES W I TH  D I F F E R E N T  T ’JRN

RATES
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We see here in Fig. 13 a considerable increase in MOE

with increase in turn rate for attack angles less than 60 —

80 degrees for single detection; an consistent improvement

for 2 successive detections in the same area; but no change

or a slight deton ation for 3 successive detections.

It is quite obvious that a torpedo which requires only a

single detection as requirement for attack has a

considerably better MOE, and a considera bly higher potential
for improvement  by cha nges in turn rate, than a torpedo
which requires more successive detections for classifying a

contact as a target.

-
ii

k 
_ _ _ _ _  

56

- ~~~~~~ - - - -,—
~~~~~~~~~ ---—-~~~~ 

..
— — 

—~~ --- - —  — —•-— -—~~~~~~ - —-I :.~~~ ..: : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -

S

4 5  I V

c-~~~ c.
_ 

~~~~~~ I

C U  ~~~~ 
-

~~HI ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
fi

~~~~0 0  ~~ — I~
_

Ii. 

_ _ _ _ _ _  
________

Q 0 4 4  - 
_ _ _ _ _ _ _ _  

1 ___________

- C i  U, I -

o I o -
— Q)_4•

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

— i

~~, ~~ I

~~~~ S I  ~~~~~~~ t~~
j 
_ _ _ _ _ __ _ _ _ _ _ _ _  C _ _ _ _ _ _ _ _

C ô~~~- 0 I

.2 • o r~ -
I

—. ~~ a r’l ~~~ o

Il) -

U

- —

Table  I t .  b. — VARIATIO N IN TORPEDO TURN RATE

58



1
D. EFFECT OF SWEEP ANGLE

From preliminary simulation runs, it was found that from
90 degrees (inclu sive) to 180 degrees attack angle the

effect of the sweep angle was neglegible. The analysis was

therefore done from 20 to 50 degrees sweep angle only for 30

and 60 degrees attack angle for both the 32 and the 40 knots

torpedo.

The result is shown in Fig. 14.

For the 32 knot torpedo we get an increase from 30 to 40

degrees for both attack angles. From 40 to 50 degrees, MOE

either levels off or decrease slowly. As a conclusion , we

established Leo degrees swe ep ang le as the ‘optimal’ value.

For the L$o knot torpe do, the MOE was fairly steady over the
whole range for 30 degrees attack angle. For 60 degrees

attack angle, ther e was a pe ak at 30 degrees swee p angle,
which indicated that 30 degrees was the optimal value.

The reason for the different sweep angles for the two

torpedo types (Note; both have 6 degrees per secon d turn

rate) may be due to the time it takes to reach the target.

The shorter time,the less are a on eac h side of the main
course is needed to be covered in order to detect a target ;

i.e. a L$O knot torpedo needs only a 30 dergree sweep angle ,

a 32 knot torpedo needs 40 degree swee p angle.
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Figure 1L4 — EFFECT OF SWEEP ANGLE
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The reasca why we get a peak and then a reduction in MOE

as we increase sweep angle is supposedly due to a sharp

decrease in speed along the main course as sweep angle is

approaching 60 degrees.

As exam ple, for a 40 knots torpedo the model gave 35 knots

along main course for 50 degrees sweep angle as compared

with 38.6 knots for 20 degrees sweep angle. For a slower
torpedo , the effect on MOE may be considerable due to less

speed advantage relative to the target.
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E. EFFECT OF BOTH SWEEP ANGLE AND TURN RAT E

In the previous discussion we changed either sweep angle

or turn rate for both types of torpedo whi l e  we kept  the

other variables constant.

In plot t ing MOE for initial torped o (32 knots) value,

I ; optimal value for sweep angle , optimal value for turn rate

and the Sop tjmall torpedo (having both the ‘optimal’ turn

rate and sweep angle), we get Fig. 15.

Observe how the MOE changes as we apply the individual

‘opt imal’  values, and the MOE obtained by applying both the

‘optimal ’ values.

At this st ag e, no tr ials were made in order to further
increase MOE by changing sweep angle or turn rate from these

values.

One essential feature is that virtually none of the
variables so far have had any effect on MOE for larger

attack angles than 60—90 degrees.

The relative difference in MOE between the 32 and the Let)

knots torpedo types is show n in Fig. 16. Both torpedoes are

opt imal in the se nse that the b est values fcr turn ra te and
sweep angle have been choosen for that spec~i.fic speed.
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Tactical Situation Torpedo parameters
Range 3000 m TO Speed 32 Knot s
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Figure 15 — COMPARI SON OF DIFFERENT MODIFICATION OF A

TORPEDO
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TA Speed 18 Knots
Det. range 750 m
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It is obvious that the main differences are for large

attack angles; more than 60—80 degrees.

Especially if the acquisition requirement is one detection

only, however , a 32 kncts torpedo is slightly better up to
60 degrees attack angle. This improved MOE for the slower

torpedo may be explained by a better balance between the

time to the target and the total relative speed. A toc high
relative spee d may prohibit the torpedo from getting the
target within its sonar lobe before the target is passed.

Generally, howev er, the higher spe ed torpedo is
superior , especially for larger attack an gles (120 degrees
and more ); this can be explained b y the shor ter time to the
target.

F. EFFECT Of LOBE WIDTH

The effec t of cha nging lobe width while maintaining

detection range is show n in Fig . 17. It should be noted

that we initially started the simulation wi th an ‘optimal ’

torpedo with 20 degrees lobe width. When we ran the

simula tion series for 10 degrees and 30 degrees lobe width ,

we did not change the other torpedo pa rame ters in or der to
make the torpe do ‘optimal’ for the new lobe width. If we

had carried through this optimization process, we might have
expected an increase in the result for 10 and 30 degrees

lobe width. The torpedo parameter in question would most

li kely be turn rate, ref discussion previously on page 61.

The interesting points from Fig. 17 are;

— a 10 degrees lob e width torpedo with a

one— detection—only acquisition requirement is as good
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as a 20 degrees lobe widt h torpedo with a

two—successice—detection requirement. This should

indicate what we have to pay in additional power

transmitted when acquisiticn requirement is high. Or,

where to invest research resources; in transducer or in

echo filtering.

— the equally shaped curves for increasing lobe width.

However , we also ob serve an increasing difference in
MOE between the curves as attack angle is decreasing.

— the im portance of the correc t balance between turn
rate and lobe width for successive detections. We

observ e for a small aspect target how MOE decreases

drastically w hen we reduce lobe width from 20 degrees

to 10 degrees and maintain tur n rate and require two

successive detections.

I
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G. EFFECT OF DETECTION RANGE

T he detection ra nge is a function of the design cf the
active sonar in the torpedo as well as sonar condition at

the time of the torpedo firing. The detection range as a

function of the design of the active sonar is termed

technical detect ion range. The detection range as a

function of both the design and the sonar conditions is

termed tactical detection range , or just detection range.

In analyzin g the detection probability as a function of

detection range , we assumed optimal sonar conditions by

equal technical detect ion range with detecticn range.

Detection rang e was varied in discrete steps: 375 — 750

— 1125 — 150C meters .

Figs. 18.a. and b. indicate tnat detection probability

is a linea r function of the detection range up to a

detection probability of 0.8 —0.9 for one detection . From

the model, it may be justifiable to approximate the

detection probability as a linear function from 375 m to

1125 m d e t ec t i on  r a n g e .

From the  mo del an d the given a s s u mp t i o n s , th~~r~ is
little usefulness in a homing torpedo wit h less than 300 m

detection range.

The sane situation is shown in Figs. 19.i. and b. in

another cut of the response surface. We see h e r e  how

consistantly the ~OE has decreased over the whole rance at

attack angles when going from 1500 m to 375 m d~ t€ction

r a n g e .
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T a c t i c a l  S ituat ion~ Torpedo Parameters.
TA Speed 18 Knots TO Speed 40 Knots
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Otherwise  the picture in Figs. 19.a. and b. is as in

previous similar figures; a marked decrease in MOE with

at tack angles more t han  60 — 90 degrees, and with the faster
torpedo superior over most of the range. It should ,

however , be noted that for longer detection ranges we get
maximum MOE at 0 degree attack angle for both torpedo types.

This effect is reduced when we require two successive

detections for acquisition.

We also experience d a considera ble decrease in MO E for
longer detection ranges when requiring two success ive
detections instead of one. It seems obvious that this

reduction is due to a larger lateral movement at the extreme

range. As noted previously, we increase the transmission
interval (increase interval in order to allcw time for ec ho
to return) when the detection range is increased. Keeping

the sam e turn rate, the sonar lobe will turn a larger angle
between each transmission, whic h can hav e a deteriorating
effect on ~1OE fo r  more tha n a one—detect ion—onl y acquis i t ion
requirement.

I’

~1
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H. COMBINED EFFECT OF LOBE WIDTH AND DETECTION RANGE

The - following approxima te relationships exist between

lobe width, detection range and sonar power :

P •G •~~•G l\
0 t~~ r

P = _______  _____  
Watts  (4 .9)

— _ _____ •3___

~~

•

(4 1) •R

where
G = G = (4.lr /w) (6.1)
t r

2
w L
L = 2 x lobe width.

Ref [ 1;L1 9].

w is defined as solid angle. The give n equation is valid

for small lobe width only. For larger lobe width the exact

relationship is;

w 2 .lr (1 _ COS 1) (6.2)

1 = lobe w i d t h .
The appr oximate relationship is close enough up to 60

degrees lobe width .

By substituting the approximat e relationship intc Eq.

14
4.9 , we get a reduction of L in receivin g echo due to

change in lobe wi dth,
or
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(1. - H )  = constant, (6.3)

wnich combine range and lobe widt h, an d impl ies  tha t
letection range is inverse proportiona l to lobe width for

constant power transmitted.

It is therefore possible to plot this function for constant

power transmitted , and use this as a prediction of hcw MOE

may change with change ju these two tor pedo param eters (lobe
widtu and detection range)

This is done in Fig. 20; and indicated by the dashed line

going through 20 degrees lobe wi~1th and 750 a detetion

range.

We then ran some simulation series in or der to genera te

dat :1 points from the  ncdel . The data po in t s  ga ve the  MOE
and b y  f i t t i n g  cur ves we were  able to get some ind ica t ion  of
the relationship between the lobe width and the detection

range as given by the model.

The a pplication could be as fol lows;
For a g iven torpedo with lobe wi dth 20 degrees and a
detection range of 750 m, w e ask the question, can NC! be
increase d wi thout increasing po wer transmitted ?
The dashed curv e through the point (20 degrees, 750 a) is a

cons tant power curve , and by following the curve we observe

how MOE is changing.

From the figure, it is obvious that a narrcwer lobe and a

longer detection range gives a better result. But we also

observe the assymptotical feature of the curves. We reach a

point where the constant power curve and the constant MOE

curve are parallel .

Efow ever , it should be born in nind that the theoretical

r e l a t i o n s h i p  between lobe width  and detect ion r a n g e  is an
approximation which does not account for absorption—Effect

I 

- 

or surface—effect . This implies that the constant power
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curve in real l i fe  will be lowe red . O n l y  a more detailed
analysis can say how much .

4.
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I. EFF ECT OF F I R I N G  RANGE

The most important factor in achieving high detection

probability is the differenc e between estimated target

position an d actual target position at the time w hen the
torpedo is in position to detect. The effect on the

detection probability is mainly due to the time t he  tcrpedo
takes to reach wit hin  detection range of target and the

speed/course errors in target data.

As we increase d the firing range , we experienced as
anticipated a degradatio n in MOE. This degradation was

experienced for both the 32 and the 140 knots torpedo.

The variation in firing ranges were at the following values:

1500 — 3000 — 5000 — 7000 meters.

Pig. 21.a. and b. shows consistently the importance of
short f i r i ng  ranges. This applies to both one de tec t ion  and
two successive det ections .
Fig . 22. a. and b. shows an additional advantag e with short
firing ranges; a, considerable improvement at firing with

small  aspect (a t tack angle)  , less than 30 degrees. Again

th i s  applies for  both types of torpedoes.
A lso, we get an indication that at short ranges , about 1500

meters, there is no significant difference in MOE of the two

types of torpedoes up to an attack angle of 90 degrees.
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Tact ical  Situation: Torpedo Parameters:
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Tact ica l  S i t u a t i o n-  Torpedo Parameters :
TA SQeed 18 Knots TO Speed 40 Knots

~Det. range 750 m Lobe w id th  20°
- 

Sweep angle 300
Turn rate 18°/s

I I
0 Q3 -Attack angle
0 6 0 °

.8— ~~~120°

\

. 7 — One detection
Two successive

\ \ detections
.4-..

_ _ _ _ _ _ _  —

.0 
\a

-o
o
L \

_ _ _ _ _ _ _  —

N

\ 
~~~ - \

\
C \ \ 

_ _ _ _ _ _ _ _ _ _

-~~~~ ~~~ N
\

4..) 
N \Cv 

_ _ _ _ _ _Q . 3  
N N

N N
N

2 ~ 
— —

_ _ _  
I
_ _ _ _

1500 3000 5000 700C m
Firing range

F i g u r e  2 1. b .  — E FFEC T CF F I R I N G  R A N G E  

-- . _ __ s_ _ - _ ----- --—--- ~ .--- - -~ -- _~~~----—



4

Torpedo Parameters , Tac t ica l  S ituation
TO Speed 32 40 Knots TA Speed 18 Knots
Lobe width  20 20 0 Det range 750 m
Sweep angie 40 30 0

Turn rate 15 18 0
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J. EFFE CT OF TARGET SP EED

General ly,  we anticipated a degradation in MOE as the
target  speed was increased. And overall , th i s  was
confirmed.

The simulations were carried through at 12 , 18, 2L4, 30 knots

target speed.

However , f i g .  23.a and b shows som e in teres t ing pa t te rns
regarding optimal attack angle for different target speeds.

For a 32 knots torpedo , at 60 degrees attack an gle , the
torpedo is egually good for  any type of t a r g e t  speed fo r  one
detect ion only.  For two successive de tec t ions, the  tcrpe do
is equal ly  good between 30 and 90 degrees for 12 and 18
knots  ta rget .  A 2L4 knots target gives a consis tent ly  lower
MOE over the whole  range  of attack angles , and the 2
simula tion runs with a 30 knots target  conf i rmed  tha t  trend
for  the  32 knots  torpedo .

We may form the  conc lusion tha t fo r  on.e detect ion only
60 degrees attack angle is an optimal a t tack angle fo r  the
range  of target speeds. For two successive detections, 30

to 90 degrees a t t ack  angle gives equally good MOE between
target  speed of 12 and 18 knots .

One interesting point is that it seems that if the
target  speed is less t h a n  0 .4  of the torpedo speed the
opt imal  att ack angle  sh i f t s forward  to 0 degree.
This  also applies to two  successive detect ions .
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Tactical Situation: Torpedo Parameters:
Range 3000 m TO Speed 40 Knots
Det. range 750 m Lobe wid th  20°
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For a 40 knot torpedo, in addit ion to the  point  of
optimal attack angle at 0 degree for  slow tar get spee ds, we
also experienced a relat ively low M OE fo r  slow targe ts in
the range 45 to 105 degrees attack angle , compare d to fast
targets. But as a compensation , MOE is increased for small

attack angles and the astern attack angle compare d to fast
target. Obviously, som e type of a breaking point is
expefienced for target speed of .4 or less of torpedo speed.

Why a slow target produces this increase in MOE in the

two extreme cases (ahead and astern) may be explained by the

bal ance between t ime to reach detecti on range and the total
relat ive speed. I t is, however , wore d i f f icu l t  to give any
explana t ion  of w h y  a slow target  should produce a lower MOE
fo r some attack angles tha n a fas ter  t a rge t  does. One woul d
have anticipated an increase in MOE over the whole range of

attack an gles for a. slow target .
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torpdo Parameters: Tactical Situation:
TO Speed 32 40Knots Range 3000m
Lobe width 20 200 Det. range 750m
Sweep angle 40 30°
Turn rate 15 18°/s
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t
VII. TACTICAL ANALYSIS

In addition to the detailed parametric analysis , which
has been shown pr eviously,  we also coul d expan d the analy sis
to cover more tactical related problems. If we assume a

given target speed , we could construct detection probability

charts  as s h cwn  in Fig . 25.  a. and b .
This analysis w oul d th en na tural ly  fal l  in to two area s:

— direct comparis -’ .. of two or more d i f fe ren t  types
of torpedoes.

— e f fec t  of tactica l s i tua t ion  on the detect ion

- 
probabi l i ty .

The two charts (Figs. 25.a. and b.) were formed by

r u n n i n g  s imula t ion  r u n s  for  d i f fer n t  tactical s i tua t ions
(range and attack angle) , and then fitting constant

detection prcbability curves through the data points.

The use of these types of charts falls into two areas:

Evaluate different torpedo types for different tactical

situations; essentially, which torpedo is best. Or for a
given tactical situation , how could the situation be

improved , and what options exist.

The f i rst type  of use applies mainly to operational

planning; operational requirement in the  desi gn p h a s e  of a
torpedo and procurement. By laying one chart atop of ~-he

other; we get a visual picture of how mu ch is imp r o v e d  when
using a ‘better ’ torpedo , a n d  fo r  which tact ical  s i t u a t i o n .
The shaded area in Fig . 25.b. shows how many more tactical

s i t ua t i ons  have been covered when goina from a 32 knots

t orpedo to a 40 k n o t s  to rpedo  f o r  0 .25  de tec t ion
probability.
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The other type of use of the charts is tactical. When a
firing unit decides to attack, and finds itself in a given

tactical situation, the question is: What to do ?

For given target speed and own max speed, the charts

make it possible in a simple way to decide where to go and
what course to keep. Also from the charts, one can decide
where on the relative course is the optimal firing position.
For a submarin e attacking a zig—zagging target , the
Comm anding Off icer  can better ma ke his evaluation of when to
f i r e , as the attack angle and the distance are continuously
chang ing. He can see wha t improvement to expect when the
target will chan ge course next time. An example of a
tactical situation and the course of action to follow are
given in Fig. 25.a.

These points also bring up the question of what to

improve in the operational picture ; the firing unit’s
ability to acheive a good firing position or the torpedo ’s

ability to detect target from non—opti mal situations.
In this discussion , the guided torpedo has to be brought
into the picture. The effectiveness of guidance has not
been adressed at all in this study, basically because that
would have significantly expanded the scope of the study, as
well as bringing in the whole problem of f i re  control
equipment , its effectiveness and its reliability.
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VII I. CC NCL OSI CN S

The study was carried out in order to investigate the
detection process of an active sonar hcming torpedo used
against surface ships.

Specifically, we wanted to study the effect of changes
in torpedo parameters such as torpedo speed, turn rate,
sweep angle and detection range, as well as changes in the
tactical situation such as t arget speed , f ir ing range and
att ack angle.

In an attempt to gain ins ight  into the complexity of a
homing torpedo , the described niode l was built and the
simulations done as previously shown.

In designing a homing torpedo and evaluating torpedo
tactics the detection probability is an essential pa rt of
the total effectiveness of the torpedo.
To be able to hit the target, the torpedc has first to
detect it, which justifies why we started out with analyzing
the detection process.

Also, as part of this analysis we investigated certain
aspect of the next step in the operational process;
acquisition.
It is not difficult to visualize tests which may be used in
order to recognize an echo as a detection and subsequently a
target to attack. Some of these te sts w ay be doppler ,
successive detect ions , detections w i t h i n  a given range ,
2— of— 3 detections, size of echo , length of echo etc.
The problem of fals e echo , however , was nct approached in
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this study. That would have to be the next to consider in
relation to reducing the number of successive detecticns in

order to acquire a target.

In order to allow for the errors in tracking of the
target before firing and also small maneuvering of the

target after firing, we introduced errors in the target

speed and course when calculation of the torpedo main firing

course was done.

During r uns the torpedo was unguided , and did not react
on any detection ; i.e. it did not attack the target . For
sonar condition, isovelocity was assumed and no surface
effect was built into the model.

The result gave certain insight into the complexity of
the detection process, stressing the importance of a good

tactical firing position, and ‘ high speed torpedo with

long detection range.

However , the dat a also showed the relationship between
detection range , lobe wid th  and turn  rate , as well as
weighting the  swee p angle in re la ti on to torpedo speed . It
can also be concluded from the results that  changes in
torpedo parameters as turn rate and sweep angle, which nay
be inexpensive modifications, will not give a s ign i f icant
improvement.

Generally, the overall important factor was the time the
torpedo used in order to travel within the detection range
of the target. This was due primarily to the error
generated in the target data , obviously the actual. value of
the result is sensitive to these assumptions.
However , the understanding and insig ht in the detection
process achieved by simulation should not be reduced by
other assum ptions with regard to error in target data.
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With regard to the analysis, the result has shown a
consistent and general trend that if we are able to require
only one detection for acquiring a target, the detection
probability is significantly higher than if more than one
detection is required. And what is more important , the
potential for improving/optimizing a homing torpedo is also
significantly high er for one detection only.
This implies a large payoff for other methods of keeping
down the probability of false detections.

Secondly, a high speed torpedo has shown a general
superior ity in ROE . This was specially obvious in attack
angles grea t er than 90 degrees, which tends to make a high
speed torpedo more of an all—round/reliable torpedo with
regard to tactical situations.

Thi rdly , except for changes in at tack angle and firing
range , the detection range seems to influence the ~OE
strongly.

These three remarks all point towards an im provement in
the sonar—/filter ing—area as the most promising area in
which to carry out research and invest e f f o r t .

This study has also pointed out the advantage of high
torpedo speed and firing at short ranges. There exists
therefore considerable argument  for a short range , high
speed torpedo , given that one is able to position the
torpedo at a short f i r if lg  range; i.e. a small , simple
torpedo.

Basically, there are  two school s of t h o u g h t ;
— a highly  sophis ti cated torpedo ; long range, guidance,

expensive, but close to the one shot—one hit idea.
— a simple, high speed torpedo; short range ,



non—guidance, inexpensive, and requiring either a
firing unit which can get into an optimal firing
position or a larger nuaber of shots to acheive hit.

The result may be useful in giving example of how
tactical guidelines can be evaluated by the simulation
approach. But more significant is pointing out the
importance of torpedo capability and the tactical situation.

Obviously, we have to look on the whole torpedo system,

including the firing unit. Investment in resources and
effort should not necessarily be spent only on the tcrpedo
in order to increase its effectiveness, but may be spent on
the firing unit as well in order to make the unit able to
reach a better firing çosition.

A follow—on of this study may be to investigate the
attack process of the torpedo , including the acquisition—

and hit—problem.
Then the question of guidance during torpedo run should be
analyzed in order to better evaluate the problem of choosing
between a few sophisticated, expensive , guided tcrpedo
system or many simple, inexpensive, nonguided torpedo

systems.
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~P P E N D T X  B

FLUW CHART FOR siMuLirr oN PEOGRAM

£ TOEPEDC SINULAXICN. 311N IROG5.A3. PAGE

A I C E P I C O  S I 3 U L A I I O N .  M A Z 3  P E O G E A N .

A T O U E C O . S I 5 1 O L A I I C N .

SI51IJ LATIN G A M A C E I V E  N O N I N G  ~ O R P E D C  CLJEI ~ G S E A R C N .

T51E P & O G B A 3  IS B U N  IN 0 .3  SEC 3~~!PS.

CCINON ISUD~ TTI~~E, TO IA , TEATE RAN GE, AL!* LAN 8C TADEC ,
CL AA , R A t , TA~ CCCR , ~E’IS?, 2M G , ~~~~ , P512, 51CCUR~ TCO0~SNIT 3151 II !DT151!, tTI51~~, ~T IT XTAR ~ ITAR ~~)I ST , 361ST ,
t usf i to , I b T Y I L ,  P 511 . R51AX ( 5 , ó) , ~~RA M(~E, DL~T. x p a±NT
CCNNON/ DAm / rA ,o? Loa

CC5151O T~ BGET/tAC3G ,ZA51).ANGNO D ,DA1 ,C0OR,CE(1O) ,SE (1S) ,J B U N ,
EELA G,uA~
DIEENSION 33 (5 5)- , V IE (S) DET I 1 5O ,5), DETSI15Q 5) ,STD 55),

150,5) ,DL33 (1  , )) ,aosa (150 .5) , ~ 0N ( 150,

REAL L.512L, MCOUBS , MIX . 3151, MDIST, LAM8DG

INTEGER EGNO UT

SETTING 03 CONSTANTS (StEP 1)

CALL OV?LCI&

• 
~ 51X •.J.145159265i.
~ H2 •L~~PRI
~ AD • E 1 52/ 3 60 .
IS E I D 1  — . 6 2 7 7 6

I 131102 -~~6 16S5

CCOEEC — N I X  EREO9 IN XARGET COUR S E ESTIMATE

-

I CCOR! C — 1 5 .
I CCOR CC0RZC~ EAD

C SPUD — St 0 E V  IN IAR~~ET S P E E D  E S T IN A T E

C SP U D  a3•
CLV S B— C SPEI f l * O .  5
1C T 13 !  SI

SE T N O N E I R  01 I T E R A T I O N S

I IR U II  .150 I

( C C N T I N U E D  ON f 61 2*

120

-~~~~ • ••  •~~~~~~~ ~~~• •~~~~~~~~~~~~~~~~~~~~~~~~~~ • • ~~~~~~~~~~~~~~~~~~~



£ TO RPEDO SI MULA T I ON.  M AIN P300318 . PAGE 2

SIT PR INT O U T 80 01

5 XPRINT —1

SET LCE Z Ofl 1OR~~1CO C E N T E R  SEA RIN G

CI LOR 0.

SET h ELlS TC Z ERO (STEP 2)

4.———— .4.

• D O
+,+++•++.+ 11 +
• • i~~1 ,5  +
+
+
4.
+
+ • D C  +
++++++.+++ 12
• + J 1 ,5
+ ——————4
4. I
+ I
4.

5 + I £M (I,.3) 0.• + —————— ————— —— —— 
• I
+

12 •4,++,’.CCMTINUE

11 + + , *+ + + + C O N T I N Q E  
.L....._.....,.

+ 0 0  +
++++4,++++ 13 +
• + J*1 , 5 4.
• 4. 4.

• +
+
•
• + 20 +
+4+4+44+4+ 1(4
4. 4. I=1 , IEUN +
•
+ I
4. I
•
• 5 ~C N 5 I ,J) *0
+
+ 5
4

14 ++++++-++C CN T I N ( JE
13 ++++.++. ccNTI ~~

(CCNTI$UED ON ~ GE 3)

121

~

--

~

-.-- --- - - - •

~

- -•—

~ 

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



-~ ~— — —~~~~ —.~~~~~~ — -,~ ~~- - •- - —.•- ~~~~~~~~~~~~~~~~~~~~ ~~~~
••-~~~~~ - -.- -,.- 

~~~~~
. - 

~~~~~~•

£ TORPEDO S I M U L A T I O N .  MA IN PR OG BAII . PAGE 3

CO M PUT E t A R G E T  ERRORS 1140 STORE

4.—.——— —4
• 00

•.•+..+++. 20
+ • 1—1 , 10 +
•
+
4.
4. —————•—————— 

• C1(I) z — ( 1 5 . * RAD+CCO U/ 1O. ) . (CC OR
• ~~10.)’X ~~2.
4.
+ I

20 ++++++••CCNTINUE

I 53 1 *—1.2737~ DEVSPI SE 2 —1 .2825*0E’~S?SE 3 =—C .S66*DEVSP
33 4 ——C.7285~ 0EVS2SE S ——C.52!’DEVSP
SE 6 *—G..34 *CZV S P
SE 7 — — C . 1 6 7 S s D E V S P
52 8 = O * D E V S P
5! 9 = C . 1 6 ~~S *D E V s P
SE 1 ) = O . 3 4 ~~D ZV SP
5! 11 —O .525*DEVSP
52 12 —0.7285~ DZisPI SE 13 O . S 6 6 ~ 0E V S p
SE 14 1 .2 2 2 5 ’D !V SP
SE 15 ~ 1.~~737*DEVSP

100 • DO
•.++++.+.• 900
+ • J a~ns~~l , r s 3N •
•
• I
4.
+ SET R U N  C O U N T E R S  (STEP 3)

4.
4.
4.
4. 17L10 1; TOC 1014 T CEPED O S E.E0
•
• I
• —— —— — — — 
+ I!LAG O
• ICCNT~~0

4 • JCONT~ O
4. I h I8E~~O
• I lL sO

S • l i x  —a
• 21ST — 0 .  5
• 311 0.
+ •~X3 ).
• 5 U N O U T —0
4. — — — — — —— — — — — —— — — — — — — — — — — — — —  

P 4.
4. I

(CCNTINU!E ON RAG! 4)
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A TORPEDO SIMULAtION. M A IM PROGRA M . PA ~~2 4
4.
+ I
4.
+
4.

• B E A t  IN 5 E T T I 9 G ( t ~ BP A N D  TAC T ICAL)
4.
+
+ ?IRST GUN ? (STEE h ê)
+
+
+
• • S a .
+ .5 I? * .
+ ‘ JRUN.GI.1 *
• * . . *_ _—_—__ _ _ ——

+ 5 . . 4 1 1 160 1
• I . *
+
+
4.
+

• CALL PARMET
+
+
+
4.
+ *~~*W 3 I E ( 6 , 228 ) GZL Q 5

228 + ? C R ’ A t ( l X ,/ 1X , ’ S C N A - R  M AIN L C E E  OFF —SET FROM CENTER • ,
• ‘E ! A R I N G ’ ,3L 2, ’ -r i~~es O !P L E C T I QN  ASGLZ ’ ,/)
+ 4
+ —— ——— 
• I IDIST— TC ,’2.• I M DIST =TA ,2 .
• T U R M I C  z-~~ AT!/ 2 .
• IN TYA L 1I!IX ( ( TTI ~tE/ C .5)  +0 .5 )4. ———— — ——— 
+ I
+
+ Z NTVAL GI VES N U M E E R  OP 2I3!ST!PS FOR EICN T3ANS3ISSION
4.
+

4.
4. I
+ I
+ • * S .
4 . * I! a .
+ * IPRI NI.Eç.0 S
+ * • .5——— 
+ . ‘ T 1 160 1
• 5 . *
+
4.
• I• + I
4.
+

D I +
+
+ P RINT C! M E A 2 I N G
4.
+

151 • * * *I I B I T Z  (6 , 230)
• +

230 + ! O R N A I ( 1 I  /1 1X , ’ R U N ’  41 ‘2 31 0? T A R G Z T ’ , 7X , ’T O R P  TCR ~ 3’ ,
• 81,’TCRP ~CC~ C’,5X L ’TA3G~ r CCOPD RUN’ 31 ‘T ORP ’ ,/
+ 11 ‘ N O  C O U R S E  5P~~ED RA ~I GE OA ’
• ‘Y1 ,7X ,’X’ ,óX ,’T’ ,6X ,’STOP’ ,2X, ’RU~4’)4.

( C C Z I T I N U ED ON PIG ! 5)
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A T ORP ED O S I M U L A T I O N .  MAIN PROG R A M . P A G E  5
+
+ I
+
+
4.
4.
+ CALCDI.ATE TOBREEC START POSITION (STEP 5)
+
+ I 

_ _+ ————— —— ————160 • IT AR 1 S O O C .
15 + l IAR — 1 5 0 0 C .

+ CR11 GA NG E
+ 3M G .IA C +E!AR
+ ———— ——————————— 
+
+
+ I
+ • * *+ . * Il *
• * R I I G . G X . 3 8 2  *
+ * . . *.____ — — — — — — — — — — — — ——— 

+ . . * I I EN G a RN G—P51 2
• * • *
+
+
+
+
4.
+
• • * I .
+ • * I! ~~~.+ * 351G.L1.C.

• 
+ * • • 1 — — — — — —  
+ I • • * I I SM P N E + B N G

__ —

+ ~~ XTIB + R A N G E I S I N  (3 510
• IT IiAB+BAMG E~C3S (8NG+ —— —————— — ——— —
+
+
+
+ • S
+ . * I! ~~~~ .
+ * LPBIWI.3~~.1 ~

• + * . •
+ * • • * 2 4 152 j
+
+

+
+
+
+ 5 5 * 1 4 2 1 1 2 (6, 1~~8) J R O N
4.

198 + F O R M A T ( 1 ! ,/, 6X , ’ a U N  N UM8 Z 3 :‘ ,14)
+
+

• CALCULATE T O R R E 2 O  £E! LE CTI C N A N G L E  1510 F I R I N G  S I T U A T I O N
+
4.

152 + CALL F I R I N G
•

(CCNTINOZD ON PAGE 6)
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I
A TOAPED O SIMULATION.  MAIN PROGRA M . PAGE 6

4. + I
+
+
+
+

• + SE T D E T E C T I O N I A E L E S  TO Z ER C (S TE P 6)
• 4.

+ I
+
+ • 0 0  +
•..+ +,.+.+ 10 +
+ + 1—1 ,5 +
+
+ I
+ I
+
+ . 00  4

9 +
+ • Js l , 5
+
4.
4.
+  — —————— 
+ I R M A X ( I , J ) C .
4.
• 1 .
+

9 +++++ + ++C C 14TINI3E
+

10 + + + + + + + + C C N T I N T J E
+

• 4.
+

• TEST I C I P E D O a G N  C TT ~SIEP 7)

+ I IRON ~ t E A N G E / I O
+ 5 CL0S P~~T 1S CCS ( B E A R )  •TO*C0S ( D A )
+ I 02DM —R ANG! / CLOSP 

______ ______+ ——————•———— 

+
+
+
• • * *+ • * I! *
+ • T R U N . G ~I . 3 E U 8
• * . •
+ . * 1 f 499 5
+
+ I
• I
+
+

•

231 • !C R M A T ( 1 I ,/ , 1X ,’T A R G !T OUTSIDE T ORPEDO R A N G E ’ )
4.
4.
4.

+ Z!3C IA E L E S
4.
• $
+
+ . 30  4.
++++.++.++ 23 +
+ + J— 1 , 5 4.
• •——— — — — — — — — —•

•
+ — ——— — — — — — — — — —.— — — — — ———  

• I C!T2(4RCN ,~~) — 0 .
4. — — — — — — — —— — — — — —  

• I
I C C E T I N U E D  ON R A G E 7)
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A TO RPEDO SIM ULA IEI GN .  MAIN P ROGRA M . PAGE 7
4.
+ • I

• + DEt (JRUN ,3) 0.
• I 

_ _ _• ——— — ————
• ASPE C IJ3UN ,3) *0.
+ CLOS3(JRUN J) *4~~

• + t E R 2 ( J G U N , ~~) aQ~ 
_____+ ——— 

+ I
• +

23 +++.++++CCNTINIJ E
+ I
+
+ ) 9C0 I
4.
+
+
•
+ I
+

1*99 + .5 ~~~~ •
+ • 1 U ~~~~~.
+ * I Z L A G . E C . 1  *
+ * • •• * • .~~~~~ T 1 990 1

500 •

• * MXT.GE.TEANGZ *
+ * • . *—— —— ———— —  ——————— — — — 
+ 5 . .~~~~~ I $ IU1IOUT 1
+ 15

• * —

+ S
• I
+
+
+
+

S 4. • * S~~~
+ • * IT *
• * R U N 0 U I . E ~~.1 *
4. 5 . •
+ ‘ . . S 1 1 990 1
+ 5 .5
4.
4.
+
+
•
4.
+
+

- 
. + CALCULATE M E W  POSITIONS

+
+
+ C A L L  POStS
+

4. +
4.
+
+ CBECE IT TAR GET IS DETECTED
+
• I

(CCNTINCED CM PAG E 8)
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A TORPEDO SIEULATICN. MAIN PROGRAM . PAGE 8
4.
• I
4.
+ CAll . DETEC T
+
•

• CRiCK CPA (CLOSEST POINT OF A PPROAC O ) (STEP 8)
+
• I
+ — —_ — _ — —  _—— —— —_—— —  

+ I IL  — 1-1+1
+ —_ 
+ I
+

+ • * S .
+ . * IT
+ IL .L ! .20 *
+ 5 .
+ ~~~• . * 1 1 500
+ 5 .5

+
+ I
+ I
+ 1
+ ———— ——————— 
+ I l L  — c
• CPA 213T
+
+
+
+

155 + • * s
• . * II ~~~~~.

• + 
- 

* Ci 11~ CEA.LLO. *
P 4 5 . . *— — — — — ——— — ——— —

+ . . * I I RUNOUT 1
• + 5 .*

+
• 4.

+ —————— __
+ ——_ ———————— — ———— ——— _——— 
+ I C PA I —C PA
+ ——————— — _—_——— ———— 
+

I 500
+
+

+
4.
+
+
4. GENERATE STATISTIC S (StEP 9)
+
4.

990 + C C N T I N U E
• I

4. + + 3 0  +
++.+++++++ 910 +
• 5 11CL 1,5
+
+
4.

(CCNTINOED ON P G E  9)
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A TO RPED O SI M ULA T ION.  MAI N PROGRAM . PAGE 9
4.
+ I
+

+
+
+ K ON( ) a DETECTICE/ NO 3ETICTION
4.

• . 5 5 .
• • * II *
+ * R M A X ~ IKL ,1) .GT.1 .  *
+ * . . * _ 

—————————— — 
• * . . * I I KON (JRUN ,IEL) 1
+ S . . ——_—— 
+

+

+

+ DET ( ) — D I S T A N C E  TO T A R G E T  AT DETECTION
+
+ I

__________

• I 2ET (JRCN ,IEI) — s M L x ( : l c L , 1) 
______ 

• I
+
•
4.
+ D E T E (  ) — SEARING TO T A RGET A T DETECTION
+
• I
+ ——— — — — — —_——— —_— — ———  

+ 1 C E T R ( J R U N , IKL ) *B L I A X ( I K L , 2 )
+
+ I

• +

+
A SPE C ( ) — T A R G E T  ASPECT At C ETECT I ON

‘1 +
• ASP!CjJRON,IKI4SBMAL4IKL,5)
4.

+ I
+
+ CLCS3( ) — BEERING T O CLOSEST PART 0? TAR GET
+

• CLCS3 (JRON , INL) BMA I (IKL , 4 )

• DE3E( ) • OiL M E A N i N G  PRO M MAIN lOO P COUR SE TO TAR GET
+ I

~~~~~~~~~~~~~~~~~~~~~~~~~
910 ++++++++CCN TINI3 E

• I
(CCNTINOED ON RAG E 10)
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A TORPEDO SIMULATION. MAIM PROGRAM . PAGE 10
+
+

+
• • * a .
+ .~~~~~ II * .
+ * - IPLAG .EQ.1 *
+ * . .
• a ’ . * r 1 991
+ 5 .* —

+
+
+

+
4.
4.

• PRINT CUT (STEP ¶0)
+
+ 1
+ — — —_— ——_ _— — — — — ——— —_ _  

- 4. COUR MCOUPS/RAD
+ I C I C C U R S ,’RAD
+ IT XIIME/2
•
4.
+
+
+ • S

- + . 5 II * .
+ * 133131.30.0 *

I + * •
+ * . . 5 1 1 195- +

+
- 4
- +

- 
+
• 11,811
+

232 + ?G3MATt1X 4/ lx I3 .3X ,FS. 1~~2X,?4 .1~~1X,F6.O 21 15.1 31 ,
• 15.1.7X,!e .I5,1f ,7~~.0,2X ,?b.0 ,1X ,!o.O ,3I ,I4,2i,p6.5)
4

I f +
- + • *

• • * II *1 • * S M A X ( 1 , 1 ) . iç.0 .  *
ii • * . • * 

- + *~~~ • S 1 991 1
I +

+
+

II +

I +
Ii
I • I 9C0

+
4.
+
4.
+

195 +

200 + ?C PMAT(1I ‘auN STOPPED AFTER ‘.15 ,’ SECONDS’,//,
1X ,’ R U N  D ITA AS FOLLO W S A2 E N D  OP R U N ’ )

L CC 2I T INDE D ON P A G E  11)
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A

A TOAPEDO SIMULATION. MAIN PROGRAM. PAGE 11
+
+ I
4.
•
4.

202 + F O R M A T ( 1 X , ’TG TAL IOU RUN ‘,P9.1,/,1I,’DIST TO TARGET 1 ,29.1)
+
+ **.vExTZ(6.2G14)zT.Tt,ITAR.TTaa ,COua,TC
+

204 + ? O R M A T ( 1 X  ‘T aR P X—C OORD ‘,2X ,79 .1  ‘IX , ’ T OR P T—C000D ‘ , 2X , !9.1 ,/,
+ 1I,,’TARGE~ 1—CCORD ‘,19.1 ,4X ‘TAR ~ 2T 1—COORD ‘ P9.1 ,/
• l x .:Toa:~~ A zz 4 C:ORsE ‘,?9.3 ,~~I , TOEP COURSE ‘~~fI,!9.3f

+ * R M A X (1,1).EQ.0. *
+ * . .
+ 5 . . 5 1 $ 9 9 1
+ 5 .*
+
+
+

H + I
+
+ ~**WRI TE (6 ,206)
+ ***NRITE (6,208) (I,, (EMAL(I,J) ,J—1 ,5) ,Isl ,5)

206 + FORMAT (11 / IX ‘MA IIMUM DETECTI~ N RANGES AND 2ZARINGS’,
+ / IX ‘SUCe!~ SI~iE’,14X ‘MEL DZT’,91,’DET BEARIN G’.
+ ~ 1, ’~~AX C!T’,l lX ‘UfT BEARING’ ‘*1 ‘ T A R G ET’ .J ,
• lx ‘D ZT IIC. ’ .41 ‘aANGZ — C~~N4E3 1 141
• ‘chrza’ 5x,’RA~G2

’— CL~ SES T’ ,4X , ’CLOS~ ST ’ ,
8X, ’A SPi~~T’)

208 • F0R~~A~~~31,I4,7X ,f18 .t ,7X ,?8.2 ,7X,P1O. l,9L.
+
+ )
+
+ I 900 I
4.
+
+
+
+

• 991 • *5$4IEItE(6 ,220)
+
+
+
+

- 
- 

I~ 
+ ALL RUM COMPLETEE ? (STEP 11)
+
4.

— -~ 900 •+++++++CCNTINUZ

CALCULATE S UM M A R I  RESULT (STEP 12)

+ 0 0  4.
+++.+•++++ 27 •
• 4 la— u S 4
• 4. 
+
+

(CCNTINU!D ON P GE 12)
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A TORPEDO SIMULATION. RUE PaOGaAM. PAGE 12

+
+
+
• +00 4
•+++++++++ 28 +
+ • LRa l ,IEUN +
+
+
+
+
• RE 13,1 B!(AR ,1 I ?LOAT (KON(LR,K3))
• SM 13,2 — P0(12 , 2 +3E1 (LR KR)
• R N  12,3 EM KB.3 +ABS (AS~ EC (LR ,KR))
+ I EM XR . 14 •R M  13 , 14 • D E T S ( L 2 , ZR )
+ I PM 18,5 1M 13, 5 • D E R R ( L 3 , li) $
+ —— _—— _—— ——— 
+ I
+

28 .+++++++CCGTINUE
+

27 ++++++++CC)4TINIIZ

+ 30 +
•+++++++++ 920 +
+ + 11—1 ,3
+
• I
+
+
+
+
+ COMPUTING MESES
•
+
• ——__——— — —_—_ __ —_— — —_ _—  

+ J E E L  — R E ( K 1 i , I )  5
+
+
+
+
+ • * 5 •
+ . * I! * .
+ * DE L . L E . 1 .  *
+ * . .
• . . * I I DEL 1.

_  _  

-

+ I P M  11,2 abE 511,2 /331.
— - • I R E  11, 3 • E E  11, 3 /DEL

+ I EM 11,1* EM 11,4 /DEL:
+ I
+

920 ++++++++CCGTINUE

(CCNTI$UID ON PIG! 13)
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A TO R PEDO SIMO LAT I C E .  MAIN PROGRA M . PAGE 13 —

+ 0 0  +
•+.+++++++ 25 +
• + 3 1 1 ,5
+
+
+
+
+ V A R ( K K )  0.
+
+
+
+
+ + Do
++++++-++++ 170
+ + Izl , I R U N  +
+ •— 
+
+ .

+
• • * 5~~~
+ . 5 IF 5 .
+ * NCM(t,U).!ç.O *
• 5 . •
+ ~~~• • I 1 170 ,
+ 5 . 5

+
+
+
+
+ ———— _ —_——_
+ $ V A R  (EN) 73P 511) • ( $ C Z T ( I ,KE)—RR (!ciC, 2)) I

• + *+~~)
S
+ $
+

170 •+s+++++CG)111M13E
+

25 +++.+++.CQNPU~ L7E

•.++4+++.+ 26
+ • (3*1 ,5
+
•
+
+ ————— _— 
+ 

~ EL R!( KR ,1)
4 —— __ ——— ___ — ———— __ ——— — 
• I
• $
+ I
• • S
• . S IF *
+ * DEL.L ! .  2. *
+ * • .
+ ~~~• . 5 1 ~~DRL 2.
• 5 . 5
5
5
+
+
• I 
• I 513 113) — SçRTI R(KR~/ (DEL— 1. )
• 5 P M  (13,1) t.M (KR , 1 )/ F L O A T  ( I R U M )
• —_——— — —  — 

• I
+ I

(CC NTISOZD ON P I G !  1Le ~
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A TORPEDO S I M U L A T I O N .  RAIN PRO G RAM .  PAGE 144
+
+ I
+

PRINT SUMEAMI (STEP 13)

*5* W R I T E  (6 , 157) .IRUN
197 FCP M A T (1 X ,j/,61,’SUMliART 0? RESULT AFTER’ ,3X ,IL& ,2X ,’BUNS’)

* a *WRITE(6 , ISg) 1(3M (I,4),~~~1 ,2),STD (I),(RR (I,J),Ja3,5),Ia1 ,5)

199 SCEMAT (101 ‘RECEAEILITY OF DETECTION’ RI
‘AV•ERAGE’ ~X,’STD DEVIATION’ ,7X ,’AVE3LGE 1 97X ,’AVERAGI’ ,
71 ‘AVEE M~ E’~/,141X‘CIT RANGE’ bX ‘DE’ RANGE’ ,71,’TAR GET ASPECT’ ,-4X ,’DET EZARIN G’ ,
31,’REL ~EiII~~ ’ ‘,

• tX ,’O*IR SCCCESSIf~ DETECTION’ 51 76.4,5(61 19.’4~ /,1X ,’TWO SCCCESSIVE DETECTIONS 1 14k 76 .4 ,5(6 1  !9. .if /
• iX ,’TIiREE SUCCESSIVE DETECTIOPJg’ ~I 26.4 5(11 ?9. t& J ,/ ,

lX ,’ZOUR SUCCESSIVE DETZCTIONS’,~~I,~ 6.4,~~(6X ,~ 9.14),/,- 1i ,’P I V E  SUCCESSIVE DEIZCTIONS’ ,3X.16.14,5(61,?9.4),/)
I 

220 EG S M A I (1 X, ’NC OETECTICN MADE DURING IRIS RUN’ )

I CR 2 — C 1 2 / L L C A T ( I R f l N )  I

— 
- *5* WRI T E (6 , 150) CAl

190 ?OERAI (1X ,/,11,’L VER~GE DEFLECTION ANG LE :‘,5X ,F9.3,/)

2314 PCSMAX(1X / lx ‘D I ST R I 2U T I ON  OP R U N  RESULT — CENTER OF TARGET ’,/,
- 6X , ’O M E  S~ C~~ES~ IVE DETECTION’ 10I,’TWO SUCCESSIVE DETECTIONS’ ,

OX , ‘T H R E E  CU C CE S S I V E  3ETZ C~ IO~ S’ ,/I 2X ‘BEAR’ 21 ‘RANGE ASPECT REAR C~OS’,6I,’EEAR’ ,2X ,
• ‘ R I N G !  A~~PE ~~T S E A R cics’,5z,’REAa’,2x ,

- ‘BAN G ! A S P E C T  33A3 CLOS ’)

- ***NOIT! (6 2 . 3 6 1 1( D E T B ( I , 1}~~D E T 1 I, 1) , A~ P !C jI , 1~ CLO SB (I , 1) ,
C E T E  (I  ~) 021 (1 21 ASP!~.. (1 2)  ,CLQ~ a ( I 2) , D..~~R ( I , ))
oE T (I,~~) , 1Sa E C l 1 ,3I , CLCs 3( t ,3 ) )  , I — 1 , IIUPI )

- 2.36 ?CPM A T ( 3 ( 1 X , !6.1 , 1X ,Z 6 . 1 , 1X , P ã . 1 , 21,76 . 1 , 5 1) )

599 STOP

EE C
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A TOOPEDO SIMULATION. SU8ROUTIME PARME T. PAGE

A TORPEDO SIMOLATICE. SUBROUTINE PARMET.

SOESOUZINE PA5MET

READING IN DATA AND PARA M ETE R S

COMMO N ISIED2 TIlE!, TO TA , I R A T E  R A N GE, A L?A LANBE TA DEC,
R EAR, RAE, TA~ CC O R, DE’~S2 , BEG , E~ , ?H2 , ECCUR~ ICOUIS.
MXT C ElM , IN ~DTIM! 11185, XI TI, lIAR lIAR ~DIST~EDI~ T, TURNT6 , IN T V A L ,  PHI , aMA~~(5,o), TRIN GZ, 5IST,IP~ INt
a ! S L  L A M E D , ECOURS , .TXT, 818 , MOI ST, LASBOG
INTE GER RUNCUT

TED E C — T E C H N I C A L  DETECT -ION R A N G E  (STEP A l )

LEVEL C? VA3IATT CN: 3~ 3—75O— 1125—15OO METERS

TAE !C — TACT ICAL DETECTION R ANGE

I 1E DE C ~~7S0 .I IA D ! C ’TZZE C

ITI M! — T 3 A N S U S S I C M  I N T E R V A L

I I T I M E — 2 . T !CEC/ 1500. I

ICIN — T O E P  SP U D  IN KNOTS, TO — TORP SPEED ZN 8/SEC (STEP A2)

LEVEL Cl VARIATZOZl:244—3~— .O K N O T S

I T CXN ‘40. I
I TO 1C13/2 I

lA IN — TARGET SPUD IN KNOTS, :A — TARGET SPEED ZN 8/SEC (STEP A3)

LEVEL CE VA RIIDI CN: 12— 1 8—214—30 KNOTS

I l A I N  1E.
I T A TA NN/2

(CCNTIYU~~D ON P~G2 ~)
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A TORPEDO SIMULATION. SUBROUTINE PARNET. PAGE 2

TACG — TARGET CC OE SE IN D EGREE (STEP AL4 )

I IAC G 27OI TAC ‘1ACG~ 8AD

A.LZAG — S W E E P  A N G L E  IN DEGR E E,  A L FA — SR EE2 A N GLE IN R~~0IAN S

(STEP A5)

LEVEL CE V A R I I T I C N :  2 0 — 3 0 — 4 4 0 D E G R E E S

-
• 

I AL?AG~ 3O. 

LAMB D G — LOSE W I D I E  !ACN SIDE OF TORP N E A D I N G  (STEP A6)

LEV EL C! V A R I I T I CN :  10—20— 3 0 DEGRE E S

$ L A M B DG a20.
I L A M E D L A M B V G * R A D

EE L ERG — R E L A T I V E  3EARIN G FROM TA R GET TO T OR P IN D E G R E E  ( S T E P  A 7)

LEVEL CF V A 3 I J T I C N :  0 — 3 0 — 6 0 — 9 0 — 1 2 0 — 1 80 D E G R E E S

I PELEEG ——60 .
I R E A R  f i 5 L E 3 G * R A D

RANGE — DISTA NCE S E T W E E N  TARGET AND T’ORP (STEP A8)

LEVEL CE VARII -TICN: 1500—3000—5000—7000 METERS

(CC!TINUED ON &~LG ! J)

: 
13~ 

~~~~- - ~~~ - ——— -~~~~~~~~~ - -~~~~~~~~ -— -~~ - -—— “~~~~~~~~~~~~~~~~~~~~ —-



r
I

A TORPEDO SIMULATICN . SOEBOUTIU PARMET . PAGE 3

h A N G! — M AX T OAP P UN  I N  METERS (STEP AS )

I INANG ! 18000.

TRATEG — T C B P TU E NR AT E IN D EGR E E PER SEC (STEP 110)

I. VEL 0! V A R I A T I C E :  3— á—9—12— 15—18—21 DEGREE/SEC

I IRATE C — 18.I TRI T E a T RAT R G* B AD

CALCULATE RICIR C! TACTICAL 54EE1—LRNE (TH zoaETI cRL)

I SiNG TAtE(*SIN(AUA+L1MBD)~~2.

CALCDLATE CCVERR GE RATIO (THEORETICAL)

PRINT CE SITCATICE AT START OP RON (STEP A12)

* 5 .
. * II

* I 2 B I N T . E C . O  *
* . .

5 . . 5 1 $ 9 0  I
* *

II (6 , 110)
110 ? C E E A T ( 1 1  //  1X ‘DA C -TI C .~L SI T U A T I O N  J U E N  P I R I N G ’ , SI ,

‘ T C R P E D O  h E L 8 E ~~E E ’  ,‘,2X, ’B A N G E  A T T 4 C K  ~.AaGZT T A R G E T ’  61 ‘T! C .DET T O R P ’ ,
3X ,’sWEEP LC B E T U R N  545 ’?  C0~~E3~~GE ’ ~9Z ‘ANGLE CCURSE 5 ? E E D ’ ,~~X ,’ R A N G E  i~~~1D’ .2 X ,
‘A~ GLE IXCI E RITZ L A N Z ’ , ’4X , ’B A T I O ’)

( C C N T I N U E D  ON P~ GE 4 )
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A TORPEDO SIEULATICN. SUBROUTINE PARMET . PAGE 44

***IIRITE(6 1 12)3A14GZ,RzLRAG TACG ,?AI CN,TZDE C,TOKN ,AL?AG,
LA BRCG ,fRATT G,SR NG ,CRATI6

‘I 112 POBEAT(1I 26.0 21 P6.1 3X,’S.l 31 P’4.l,OX ,FO. l ,JX ,FS. l ,iX ,
PLs.1,3X ,-EL1,2L!4.1-,21,Zb. 1 ,3i,J~~.3)

90 ***NRITE (6, 100)

100 ?CSMAT IX ‘IACIICAL SITUA~~~ON . r 154  F I R I N G ’  . / , 11,
‘EI 3IN~ SINGE’ 31 ‘A~~~ CX ~SGL~ ’ 31,
‘T A R G E T  CCDBS! 1,2~~, TA~~~~r 3P~~ZD 1 )

* * 5 W R I T E ( 6 , IQ 2 ) R A N ~ E ,a E L E R G , TICG , A I N

102 F C P M A T ( 1 1 , 4 ( X ,?ó .l , 7 X ) , / )
* * * W B I T E  (6, ~Ci4)

104 !CRMA .T(1X ,’ECPP!DC PAUMET BS’,/ IX,
‘TECH.OET.RANGV ,21,’TRA NS.INT .FIL’,2X ,’TORP SPEED’ ,JZ ,
‘SWEEP ANGLE’)

***WRIT E (6 , lCá )  TECE C , TTIME , CXN ,A L E A G
106 !CRMAT (1x ,2 (21,27.2,7X),2 (F6.1 ,7X),/)

***.p~ T z ( 6 , 1C a ) ~~A~ aoG ,Ta , I:G
108 !OEEAT (1X ‘LOBE WIDTH’,RX ,’TUR N RATE’,/,

31,!6.1 , I~~X , E 6 . 1 )
‘Sa WBI T E (6 , 1C9) SUG.C3LIIC

109 PCPMAT (1X ‘TEECRETICAL 410TH OF TACTICLL SNEZP—LLNE ’ ,P5.1 ,
/,1X ,’rEE~RE I I CI~ COVERAGE 3LTI0’,29.’4)

95 R E T U R N

E N D

137
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A TORPEDO SIEOLATICN SCEROUTINE EIRING. PAGE

A TORPEDO SIROLATION. SURBCUTINE FIRING.

SURBOUTINE FIRING

CALCULATE THE TORP DEFLECTIO N A NGLE, RAI N COURSE, FIRING CCURSE

BASED CE ESTIMATE 0? TARGET DATA (UNCERTAINTY)

DIMENSIO N 0 (2)
CCMM ON ISUC2 ThINS, TO TA , I R A T E  R A N GE, A L!A LA MED TA CEC,
BLIP, R A E , T~~ CCO R , :EtSP , 38G . ~k, PH2, MCOUR~ TCO5aS ,
M I T .  M I S  IN fOTIME 11185, II , IT lIAR lIAR ~DIST
85151, T~~E NT ~~, INTVA .L , PH I, SMAX (5 ,1), T R IN G E , 5IST, IPIINT
CCMMON/DATI/E4,OFLOS

COMMON/TAPGZI/TACMG ,TAE1 ,RNGMOD ,DL1 ,COUR ,CZ(10),S!(15),J B U N ,
I E L A G,DA~
R E A L  LA M ED , MCCU9S , MI T , 818, MDIST , LAMBOG
INTE G ER E C E CO T

I i
- 1

PP —1.
PSREED M CC I JRUN—i) .151+1
E C O U B S  —IPIX (JRUN—i )/15 .)+1 $

- CALL GGUEIXS!ZD2,2,U)

CALCULATE ESTXEATE OF TARGET COURSE (STEP Si)

19

20 I tI!CO TACE—TA C I

(CONTINUED O N P G E  2)

138
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A TORPEDO SIMULATION. SUBROUTINE FIRING. PAGE 2

., * 5 .
.5 II

* TACM .GE.5B2 *
* . . 5———— ——— ——————— ————— 

* . . * I ( TACN I’AC S—2H 2

* 5 .
. * Il ~~~.

* T A C E .L 1 . 0 .  *
* . .

* . . * ( TAC8 PH2~ TAC8_

CALCULATE ESI 0! TARGET S?E~D (STEP 82) 

— 

CALCULATE TORPECC CEPLSCTICN ANGLE (STEP 33)

$ A SP Z UAR—Ci!CQ

* 5 .
* IF *

* ASP. LI.—ENI •
* . . *— —_— — — — — -_— ——_ _ _  — 

* . . * I I ASP PH2+ASP

I TACS * T A M * S I N  (A S S ( A S P ) )
I C AA 1A05/TC

(CCNTINUED C N  P G E  3)
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A T O R PE D O S I M U L A T I O N .  SCEB C U T INE FIRING. PAGE 3

. * 
. Si * • 

*
* DAA.G !.1. *
S .

5 . . * 1 12 6  I• 1~
I CA =APSIN (CAL )
I LA — SIGN (CA ,ASP) I

CALCULATE TOEPEOC MAIN FIRING COURSE (STEP 34)

$ M CO UB S B N G + P H I + D A  I

10 . 5 S
I! S .

* R COUES .G’I .PH 2 ~S . • *————— — —.— — — — — — — — — — — ——— —— — — - —  

* • . * I $ RCOORS—RCOUBS—?E2 

———— 

* 5 .
IF

* RCCURS .LT.0. *
* . . *— — —— — — — ——— ——— — — ——— —  

* . . * T $ R C O U R S *P 5 2 + N C O U R S
5 . 5

I I

• . * II
* MCOUBS .G1 .PH2 ‘
* • . 5—— ———— 

5 . . * 1 $ 1 0  $

(CCNTINUED 0$ PIG! 14)

1)4C

— ~~~~~~~



~~~~~~ 
- -•

I

A TOPPEDO SIMULATION . SCERCUTIN! FIRING. PAGE 44

CALCULATE TCRP!DC PRESENT . PIPING COURSE (STEP 35)

I Du AL? (U(1)’2.~~LLF i)—AL?AI TCO U RS N 0 0 0 P S , D I F A L P

* TCOOES.G1.9112 *
* . . *_— — —_— ——__— — ——_ _—  — 

* . . I I TCOURS—TCOURS—P1i2 

* 
• 

U 
• 
*

* ¶ X C O U R S . L 1 . O .  *
* . . *— — — — — ——— — —__ — —— —  ———— 

* . . * T $ TCOUR S PH 2 +T CO OR S
5 . 5 ——————— 

* 
.

$ DIZALZ.G!.C. *
S . •

5_ ____ _ _ _ _ _ ___ ___ _ __ __  
•. .‘ 1’ I 5$a—95

*

CALCULATE ESTIMATE OF TARGET RANGE (STEP 26)

. * 
• 

U 
* • 

*
* 0(2) •GE.C.5 *
5 . • *_—_— —_—__ _   — 

* . . * ~ I

I SNGDI? (1.—U(2) )*RANGR*O.iS I

(CCNTINO !C ON PIG! 5)

1~1

k 
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A TORPEDO SIMULATICE . SUEEOUTIN~ FIRING. PAGE 5

- BRGNOD.RALtGE+SIGN (RZIGDI!,PP)

TAC!G TICM/RAD
TAR 1 *TAM*2
L A 1 CA ,’RAD
t12 C12.tA1

PRINT CUT OF h u N G  DATA

* 
. *

I~ 
* •

S IPRINl.E~~.1 
$

* . .
-~~~~~. . * T 1 2 5

I

*** WRITE (6, 122) IACNG ,I A M I ,ENGMOD
122 !0R M A T (1I~ ’EST OF TARGET DATA FOE ?IRING’,/,

14X ,’COURS~~’ SX,’SISZD’ ,SI ,’RANGE ’ ,/,
11,3 (Y8. 1 ,3f))

124 ECRMA T (1X .’TCBP OEILICTI ON ANGL E IS ‘ ,!6.2)

I coua *MccGSs/RAD 
_____

***WRIIE(6 , 125) COUP

125 ? C R M A T (1X ,’TORPEDO MAIN COURSE’ ,8X,I6.2)

126 CCNIINUE

$ 2! I

26 ***MRIT!(6,3C)

30 ?CSMAT (/,II ,’NCT !EA SI3LE TO FIR E CUE TO LOW TORPEDO SPEED’)

I IZ LAG 1

25 R E T U R N

END

1L~2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ •I_ _
~ ~



A TORPEDO SIMULATION. SUBROUTINE EOSIS. PAGE

A TCSUDO SINULATICN. SOEROUTINE POSIS.

SCEROO T IWE ECSIS
IS CALCULATING NEW POSITIONS OF TA RGET AND TORPE DO TN

!ACR ¶1151 STIR

CO MM ON ISZEC2 TTIM!, TO TA , IRATE RANGE , A LPA LA !3t~ TAD EC,- R E A R , UC , TA~ CCCR, c~ Gs~~, BNG, PSI, P82, MCOU2~ TCOUaS,
M I T . MI S IN IDTI~~E ITIM~~, IT, IT XTA R TILE ~DIST~ND I ST , T6ENT ~~. I N T V A L , PHI , 38AI~ 5,&), Ta~ NGE , f4IST,IPDINI

REA L LAMED, M CCURS , NI T , MIS , MOIST, LIMBDG

INTEGER PUNCUT

TIME CCUNT (STEP C l)

I I I IX —11+1 I
• $ IT IRE*ITIM E ,I C T IM E

CALCULATE TOTAL ICPP SUN AND TARGET R U N  (STEP C2)

I MIT !IT+IZIST
! L~~~~_ __ .

CALCULATE NEW POSITIONS (STEP C3)

IT 11+CCS (1C00R3 ) *10151
lEA P SXTAR+SIN (TAC) *MDISI
UAR VEA 3+CCS(TAC)*MDEST I

CALCULATE NE W TO GP COURSE (ST EP C44)

I IXCOUR —ICCOBS+SIGJ(TtYaNTO,PN)
$ IACDIE *AE!(MCOUSS—TICOUR)

(CCNTINOEC OIl P GE 2)

1~3

—~~~~~~ - --- ~~~~~~~~~~~~~~~~ 
_ _  _ _ __ _
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A TOBRECO SIMULATION. SUE3OUTI~EE POSIS. PAGE 2

.5 5 .
.* IF * .

• TXCDIF.G1.PHI *
* . . ~~ —~~~~- - ———————————————————

* . • * I I TXCDI?—PM2—TXCDI?

• I~ 
I

* IICDI!.U.ALFA *
* . .

1 1 1 5  I

RN —SN
ILFAD I TICDI?—&LI’A
TICOUR TICCUR+2.*SIC’J1A L ? LDI,PN)

15 I ICCUBS ~T X C CU R

• * S .
.~~~~~ I! • .

* TCOUBS.C1 .P82 *
* . . *— ——_ _ __ _ _ _ _—_ _ _ _ ___ _-_ _ __ 

* . . * - I I TCOURS—TCOURS—9H2
5 • * ——_ — — — — — — — — — — — — —— — —  —

I I

. * S~~~
. IF I .

* TCOURS.LI.O. *
* • 

S——_—-______-_____ __ 

• $ 1 1 TCOU3S—P82+TCOIJRS
* • * _———————————————— I I
I I

25 R E T U R N

E N D

.1
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A TORPEDO SI!ULATICN. SUEROUTINE DETECT. PAGE

A TORPEDO SIEGLITICE. SU!3OUTIN! DETECT.

SUE JO U T INE DETECT

- 
TO CRECE I? TAR GET IS DETECTED A N D  STORE DETECTION DAT A

CCMM CN ISUCI 11155., TO TA , T R I T E  R A N GE, A LPA LAMED TADE C ,
SEAR , PA D , TA~ CCCE, E~5P, 88G , E~, 982, R CC U R~ TCOUIS.
M IT,  MIS IN ~DTINE. 11155 , IT, IT X TAP lIAR ~DI ST
SCIST, TóRNT~~, INT ’IAL, PHI , BMA X (5 ,~ ), TRIUGE, f4ZST,IPgINT

CCSMON/DAIA./U,OZLCE
REAL LASRI, SCOURS , MIT, MIS , MOIST, LAM3DG

- - INTE GER BU N OUT
DIMENSIO N C3(E ,2)
DOUBLE PRECISICH PONMAZ 3,R 2Z, B E X 1 ,3B12 Xl I2~ X3,XX1 ,
V1 ,V2,V ,U ,zIUCT,IG1 ,X0L 103,XX2 ,POWER ,~~ELEA~.A8

SETTIN G OF TAR G ET DI MEN SION , A — TARGET LENGTH.

2 — TREGET WILTB ,C — TARG ET DEPTH. (STEP Dl)

A 100.
E 15.

C RE CA II  TRA N SMIS SION (STEP 02)

- 
I . 5 IF

• IN.LT.INT IAL *
. $— —— —— — ——— .-—_—

I ~~20 $
* • *

(CONTINUED ON P GE 2)

iLLS

- _~~~~__ _ - ---—-- -— -- -~~ -—--— _ - - _—-- _ - _~~~—~~ - _ - -.—~~~ —_ - -
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A TORPEDO SIEULAXION . S C E R C U T I N E  DETECT. PAGE 2

CALC U LA T E R A N G !  I C TAR GET (STEP 03)

DIll  11A2—XT
DIP! !TAR—IT
CIST SCBT $ (DIFX ~~ 2)+(DI?T~~ 2))

TEST I I  TARGET IS WITHiN PCSSIBLZ DETECTIO N SANG!

$ * .,
. * IF * .

~~~ 
TACEC+A/2.~,

5 . . * I $ 2 0

CET ECTICE TN3ESBCLD (STEP 4)

PCWMA X 1., B*TAOZC) 5*44
U “SCAL~~ PHI/2.4COIJST (i**~ ) * (3’~ 2) * (C **2)
POWSAX CCN5t$POWMAX~ U

CALCULATE TIM! IC TARG ET (STEP 35)

TIMOL 1 zDI~ TIl5GO.ZTAal X1A3+SIN (EAC~~~IIIMDL1*TA

C IETH — B E A R I N G CF CENTE R C? LOBE (STEP 06)

I CD — CA*CILOB
I CZNTB TCCQRS+DD

(CONTINUED ON PIG! 3)

146 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
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A TORPEDO SIMULITICN . SUEBOUTINE DETECT. PAGE 3

* 
• IF ~ • 

* . 

-

S C E N T E . L I . G .  *
* . . *_—_—_— — —_— — —_— — — — —  

* • * T $ C!NT3 982+CENT3

• U S .
* CENTE .GT.E82 *
S . . *_ _—_ — —— — —_ — — ———  

* . I C E N T B — C E N T S — 9 8 2  

CA LC UIATE BEAPINGS TO TASGET (STEP 37)

R B  ~ E E 1 P I N ( X T A R i ~~TT A S 1,XT ,TT)
XTAR2 ZTAR l+~IN (TAt.) •A ,/2 .  I
1TA82 !TAR1.COS (TA C I *1/2. I
CISI 1~~SC3T( (XTAR~ —-X~ )’~~ + (TTAR2

331 EEA IE~ LTA32~ lTAR2 ,XT ,YT)
ITAR3 XTAR I—..IN ( Ak ) •A/2.
1TAa3 !TAR1—COS (TIC) *&/2~CI512 5QP1 I I11A33- 11) ~a2. (lIAR)— t i )  **2 1
332 EEASIN (ITAR3 ,X T AR 3 , IT ,!T)
RELI —aE l—c!N18 I

.5 5 .
•~~ IF

S R!Ll.GI.P2I $
5 . • • —_ — — — —_ — — — —_ _ —  — — ——  

* • . * 1’ I 82L 1 3 ! L 1 — 9 H 2

~~~~~~ 
—

I C C E T I N U E D  ON PIG ! 44)

L.7

- ~~~~~~~~~~~~~~~~~~~
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A TORPEDO SIEULA-TICN. SCEPOUTINE DETECT. PAGE ‘4

* I~~~
.5 U *~~

* REL1.Ll.—ERI * - 
- •

* • . *_ __  

• . . * I I R5L 1 982 .REL 1 - -
*

I 3!LO BE—CENTB

* * •
* IF * •

* R E L O . C - I . P l i I  *
* • . 5——————— — ---_--——————— 

$ . . * I I EE L O RE LO - 982
* * ———————__ _—_ — 

* *
. * 1! * .

* 3EL0.L1.—PHI  * I 
-

* . . *_ _ _-_ __ __ _ _ _- _—_———— —__ —_—_— —
* . . I I RELO~~P B 2 + 3 E L O

: ii -

I 81L2 = 6 E 2 — C E N I S  I

. * * .
. $ IF S •

* 8EL2 .C - T . P B I  *
* • . *—— — —— —_ — _———__—— 

* . . * I I RE L2 3!L2—9H 2 

11T
(CCNTINUED ON PIG! 5)

iLLS

a
_ _ _ _ _ _ _  

~
_ _ - - -~~---~~- - - - ----
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A TORPEDO SISULITIGN. SOERCUTINE DETECT. PAGE 5

.5 5 .
.5 IF • .

* EE12.Ll . — P 2 I  *
S • •

* . . * I RE LO PII2+R!L2
* t_i_ IlL 

CALCULATE TRANSMISSIO N GAIN FACTOR (STEP 38)

I 3311 •E!I 1
REX S ELO
3212 3ZL2
A L A S LA M EC

C O M P U T E  S E P A R A T E  GA IN  ~A CI CR5 ( S T E P  39)

11 =XEICI 15311 A~L A M )  $
12 — I b I d  (aBIJLAS) I
13 = U A CT 1BBX ~~,ILA~~) I

CALCUL A TE TAR G ET ASPECT A N D  T A R G E T  S O N A R  CR OSS—

AREA (T A R GET S T E ! N G T H }  DDE TO AS PE C T (STEP 3 10)

:1 ~~i l IT~ 3 a E S P E I  
— 

I

-
• 

— 

* A N I R B . G I . 9 8 2  *
5 . . 5——— 

S • • * r I A N T R R A N T R B — 9 8 2
*

(CC1ITINU!D ON P G E  6) 

~~~~-~~~~~~~~~~ _ -- ~~~_ —-~~~~~~~~~ - - -
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A TORPEDO S I M U L A I I CN .  SU E R O U T I N E  DETECT. P A G E  6

• S • II 
* • 

*
* R E L A . G T . P 8 1  *
* . . *_ _ _  —_—_—__——_— — —_—  

* . . * 1 I EZLA PH2—RELA

~1~ 
—— 1

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

* *
. * 1! * .

* RELA.LT.—PliI *
* . • 

*__ _ _ _ _ __ __  —— —— —_—_ — 

* • . * 1 I R!LA~~P 82 + R E L A

R E L E  — A S S  R U A
V i  *( A *~~2 * ( ~ C C $ ( R E L 3 I * * 2 1

I V2 = (!**215 ~D5IN.(BELS) **2V ( V 1 + V ~~) **2  
_____

C O M P U T E  SCA LING EACTOR DUE TO ASPECT (STEP Dli)

U = E C A L I ( i I E L S )  I
P I F A CT *0/ V 

- 
I

‘I 
CALCULATE R!TUBNTISE 7CR ECHO (STEP 012)

I T I M D L 2  s2 . *TIMDL 1 I

CA LCUL A T E R h .  S E A R I N G  FOR R E T U R N I N G  ECHO ( STE P 013)

$ T U R N S T  T R A I E * r I M D L 2  I
I TIC —ICOORS+SZGNLTUB&ST,?N)

IXOC —AS S (SCCURS—TIC)

(CC NTINUEC CN P GE 7)

I

i~c-

__ —. ---
~

-
~~~~ --~



A TORPEDO SIMULATION. SUEBOUTINE DETECT. PAGE 7

* 11 
* • 

*
* TXDC.GT .PBI *
5 . . ,————_- _— —_— _—  ——— 

* . - * I I TZDC~ PII2—TXDC

3 I

* *
. * IF

* T X C C . L ! .A L F A  * 

.~~~~~ 1 $ 1 8  I
* • *

I AL l  TXL C-AL2A
I a E L T O * R ! L O — S I G N ( ( r U R N S T — A L ~~) , 2 N )  I
!_.. ~~~~~~L_ ._ 

18 I S E L T Q 5 E L O — S T G N ( T U R N S T , PN)  I

1 9 R ! LD I F  = R E L T O — R E L O
~ EL T 1 R ! L 1 .B E L D I F
R E L T 2 E E L 2 + R E L D I I  I

* *
* I! *

* ? E L I O . G T . P H I  *
a . • 

k_ ___ —____ —_ 
* . • * I a z L T O — P H : — B E L : o

* 

I 
* —

(CCNTINO!D ON RI C E a~

---__--—-- - _ -- p — —- _ -- -_  -



A TORPEDO SIMULATION. SCEBOUTINE DETECT. PAGE 8

.5 5 .
. * I! . ~~~~ .

* RELIO .LT.—PHI *
5 . • *_ __  — — —_ _— —_ _—  

* . . * I I RELTO—982+RELTO
•

1~~~~~_ 

-__-T--—----_--

S R E L T 1 . C - I . R H I  *
* . . *.__ ___ ___ _ _ _ _ _-_  

* • . * T I RELT1=982—RELT1

-

5 .
.~~~~~ 1!

* EELT1.LT.—E 2I $
S . • 

*_ —_ — —_ _— — —_ _  

* . . $ I I RELT1=P~~2+RELTl* 3 * —

,,
.

* BZLT2.GT.ESI *a . • * . _— — —_ — —___— —______—  

* . . * I I RELT2 PH2—RELT2

1 

• $ a .
. 5 Il

$ 85L12.LT.—EBI *
* . • *_ _ _ __ — ——— — — — —_  — 

* . . * I I PELT2—982+RELT2

- * r
(CCN T I N I J E D  CIl PI G ! 9)

1~2

_ _ _ _ _ _ _  -~~~~~~~~~~~~~~-~~~~~~~-
_ - -~~~ --~~~~~~~~~~
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A TORPEDO SIMULATION. SCEBOUTINE DETECT. PAGE 9

TEST ICR DOPPLE R

ERQDEP z5Q.a2.*(TO*CO5 (DD)~~1.),1 OC.
IEQDI? s~ O.a2.5(TO*CCS(0D) +1.)

$ - / 1500.
5!LC 5EL3I FRQSB$5O.*2.*(TO*COS(DD)+TA*COS(RELC))

$ ,1500.

S 
• 

IF 
• 

*

- 
( E B Q S H . L I . ? R C D I Z )  .AND. (FRQSH:GT: FEC D~ ?)

S . . * 1 1 2 0

- 

- 

1~
— 1 - CALCULATE RANGE AND SEARING TO CLOSEST PART OF TARGET (STEP 0144)

— CR 1, 1 0I51
CE 1,2 —REITOsDO
CE 2,1 =CIST1 -

• CR 2,2 — R ! L T 1 s D C
£2 3,1 ~D 1SI2- CS 3 ,2 — R E L T 2 + D C

N

* 
. •

- * CiIN.GI.C3(2,1) $
S . •

.5 1 ( 1 0  (
I • *

9 
. * 

• *
I~ 

* • 
* • 

-

* CMIN .GI.CB(3,1) *
a . •U I . . ~ I~~ 1

S 

a~~~~ a

( C C N T I N O E C  ON R I C E 10)

I

- 
1~3

_______ ____ — _---— --- - — --_-— ---— - — - -~ -— - - -- _~-
—_



A TORPEDO SIMULATICH. SCEBOUTINE DETECT. PAGE 10

I 12 I

10 I OSIN
I MD s

$ 9  I

11 CMI1~ C E ( ~~, 1)
~D

12 I !REL  C E ( S C , 2) I

• * a .
II

* R R R L . G T . P R I  *
* . . *— —_ — — ———-.— — 

* . . * I BRE L P H 2 —5 - REL

* RRZL.Ll.— PHI a
$ . . *_ _—_ _  

* . • * 1 I SREL—?M2+BBEL 

CAL C U L A TE  ~ E C E I Y I N C  D A I N  IA C T OB (STEP 2 15) 

SRI — REL I C
5B X 2  B E L T 2
101 X E A C T  8211 AL A S)

I - 102 .~X b A C T 1R 5 X A L A S )
I XC) aX!ACI (83X ~ ALAS)I 112 ( 1C 1. 1 0 2 .X I ~34/ ~~. I

(CC NTINUED ON P GE 11)

-~ ~~I

~

-

~

.— -- _ -  - ---~~~~~~~~~~~~~~~ _ - —-- -~~~~~~~~~ - _ -— -_ ---~~~~
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A TORPEDO SIMULATION. SCEROUTIN! DETECT. PAGE 11

CALCULATE ?RACTICN OF PONER IN TO RECIETER (STEP 016)

1*44)

TEST FC R DE T! CT I CN T H P E S F O L C  ( S T E P  3 17)

• • .
* IF

* POWE&.LI. CWMA I a
• . •

1 1 1 5
• • * —— — — ——

COMPUTE SEARING RAT ! (STEP 018)

I A SP ~8E4PHI—TAC I

- * 5 .
. 5 II * .

S ASP.GT.P~ I *
a . • 

*___—.__ _ _— —__ _— —  

* . • * I I ASP ASP—9112

T

a
.

S ASP .Ll.—E 8I *
* . . a — 

a * 
- r I ASP~ 2R 2 +ASP

___

I AP ASP*RELTO I

(CCNTINUED ON PIG! 12)
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A TORPEDO SIMULATIO N. S CEROUT INE DETECT . PA G E 12

T1CE ’tA ~ S~ t4 (IRS

I 10CR
A?)) /0131

CBFCK SEARIN G RAT! AGAI N ST TURN PAT! (STEP 019)

* a .
• * IF

* EaATI.GE.-IBA 1! *
* . . a—— 

* . . * 1 1 1 5

CHECK 1089!DC SPEED ADVA NTAGE (STEP 320)

I TALS Th*CCS (ASS I A S E ) )
I IOLS aTC*CCE (ABS (EEL ID)

a *~~
.5 XI a .

*155 (ASP) .01.981/2. *. .- . * I I TALS~ —TALS*
3

* 
___ 

— --— r————————

.5 * .
.~~~ IF a .

tARS (RELIC) .G~~.PHI/2.a . . 5———————___— —_—_—— —— 
* • * T TOLS* 10L3

* • *
I I
I I

(CCNTINUED ON PIG! 1.3)

~ 

-~~~~~~
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A TORPED O SIMULATION. SCEROUTIN.E DETECT. PAGE 13

_ * 5 .
. * ~J 

a .
* (TALS+TCLS).LE .O. *
5 . •

1 1 1 5
S~~~~~~•

I RAE 85—MCCQRS

• ~~~~~I!
• 9L3.G1.PNI *
a • •

* . • * 1 1 RLR RLR—P82
*

3
*

* RLR.L1.—PHI a
* . • *——_—_— — ———_ _ _  —

* - . * I I 8L3 PH2.BLS
a • •

STORE C!!!CTICN CAT A (STEP 321)

JCONT JCCNTaI
.35A1 MIX0 IJSAX ,4CONT)
ICONT*JCCNT

(CCNT INU!D ON P GE 144)
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A TORPEDO SIMULATION. SCEROUTINE DETECT. PAGE 144

.* I !~~~~~~~~.* ICONI.GE.5 *
* . .

. 5 1 $ 1C011T 5 ___

STORE DATA IN  ACC C R E A N CE W ITH NU M EZ2 SUCCE SSI V E

DETECTIONS (STEP 02 2 )

25 GO t0(3O ,~~1,i2,33,344~~,ICONT

30 . * * .

.~~~ II • .
* RSA X tl ,1).NE.O .

a . . *
• 

T $ 2 0

F -

R M A X L 1 ,l) ~CISTR M A X ( 1 .2) a (EELTG’DD)/RAD

- . a
. S IF * .

* SSIX (1 ,E).G1.18O. *
* 

~ 
a * 

~

SM AX 1 ,R)~~~D M I N  
——

S M A X  1 , 44) sSUL/RA0
SMAX 1 ,5) =RELA,alo
SM AX 1 ,6) . R L S / R A 0

I 20 I

(CCNTINOED CN EIGE 15)
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A TORPEDO SIMULATION. SCEROUTINE DETECT. PAGE 15

H
* RMA I (2,1).U.O. •
a • .

a . * 1 12 0

R S A X (2,l) DIST
R S A X ( 2 ,2) ~~(RELIO +0D)/RAD

- 

. a * •

* RS AX (2,~~).G1.18O. a
* 

* 
*

i

I S M A X  2 ,3 05I8
BM A X 2,44 ~EREL/RADS M A X  2 ,! ~ R 5LA/ !A. O

1 2 C  I

32 .• • .
. * XE a .

• 3 M A X ( 3 , 1) .N!.3. *
a _ •

. * 1 1 2 0a~~~~* _———

I RMA X (3 ,1) 01S1I 5511(3 ,2) ( R E L T O + D D ) / R A D

(CONTINUED ON P 0! 16)

H i~~ 9

_ _ _ _ _ _ _ _  _ _
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A TORPEDO 3I!ULATICN. SCEEOOTINE DETECT. PAGE 16

.a I ~~~~~~ * .a EMAX (3,2).G2.180. *

* 
* . 

*

S M A I 3 3  .CSIN
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