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ABSTRACT

‘When designing an active sonar homing torpedo, certain
operational torpedo parameters such as speed, turn
rate, etc. have to be decided wupon. For a given
homing torpedo, there must exist tactical guidelines
of how to employ the torpedo, 1i.e. which firing
position gives the best chance of a hit. This thesis
attempts to gain some insight into the detection
process during the torpedo run, as well as getting
some indications of the relative importance of the
different torpedo parameters and the tactical
' situations. A simulaticn model was used in order to
generate the data base for analysis. The results
stress the importance of a good firing position as

well as show how it 1is possible to counter a lad
firing position by a high speed torpedo. They also
point to the importance of having oanly <cne detection
as requirement for target acquisition.
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The following analysis examines the performance of a
homing torpedo against a surface ship. A hcming torpedo is
described as a torpedo which is searching/snaking on each
side of its main course. It is searching for a target by
transmitting with its sonar and listning for an echo. Ref.
Figs 1. Passive searching torpedoes and homing torpedoes
going in circles are not investigated in this paper.

The torpedo's performance is a function of many
variables. These variables are divid#«d into two groups;

- technical variables; speed, max torpedo run, sweer
angle, technical detection range, lobe characteristics
and turn rate.

- tactical variables ; firing range, attack angle,
target speed, type of target and tactical detection
range (sonar conditions).

No attempt is made to analyze the first grcup of
variables; instead, technical variables used are those of
present technology. We are assuming a 'standard homing
torpedo' based upon homing torpedoes in operational use
today (8]. This ‘'standard <torpedo' assumes conventional
warhead and active sonar transmission for detection., and is
unguided.

1
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The technical variables (torpedo parameters) are ir many
vays interrelated. Por example, the maximum 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 the search phase.

At the same time the torpedo is transmitting, it is
searching (changing course) for a target. In each
transmission, the transmitted energy is focused within a
narrow beam (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 1lcbe 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 number of
degrees of sweep on each side of the main course nmust be
small. If the sweepangle is small, however, the width of
the possible detection 1lane 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. 1In other words, the coverage density of the lobe nmay
be low as a result of the high movement rate.

As we recognize the relationship between torpedo
parameters, tactical variables and torpedc 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 begins 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.
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A. DEFINITIONS

Lobe width is the number of degrees fron the
centerheading of the torpedo, until the first minimum in
transmission intensity is reached. See Fig. 4.

Detection range is the range .to the target when
detection first occurs.

Technical detection range is the max detectioa range
which is technically and reasonably possible considering
power transmitted and 1lobewidth. It is the basis for
determining the transmission rate.

Aspect is the angle measured from the positive direction
of the longitudinal 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
Lun.

Sweep angle is the maximum number of degrees the tcrpedo

will turn off the main course during search.

All dimensions are irn meter, second, meter per second,
degree, degree per second. Speed of the target and the
torpedo are, however, always given in knots.

15
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It is assumed that all firings are successful, and the
torpedo will not deviate from its ordered/calculated course
and speed.

All firings are made with 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 tractable, but
also because of modern torpedo development, only surface
targets are considered. Previously within NATO, 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 1indications 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 dimensionms.
The vertical axis is not significant as we assune
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 1is to «counter
uncertainty in target data at firing and target maneuvering
after firing.

Por simplicity the following assumptions are made:
- the target remains on a steady course after firing.
- eostimated target data is used in solving the
deflection angle problenm

16




- deflection angle(DA) is given by;

DA = ARCSIN((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.

These errors are assumed ¢to cover =arrors in the fire
control solution at the time of firing as vell as
non-radical maneuvering of the target during the tcrpedo
run.

As shown in Eq. 2.1, estimated range does not enter into E 3
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.




TAM =
\\ / 5
s : ASP
\\\' /
£
o
“

TO-SinDA = TAM. Sin ASP

ASP — Estimated Attack angle
DA — Deflection angle

Figure 2 - TORPEDO TRIANGLE
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At firing, the initial course of the torpedo is
uniformly distributed between minimum course and maximuna
course (main course +/- a fraction of sweep angle).

Imnediately arfter firing, the torpedo starts 'snaking‘.
During snaking, the torpedo is continously changing course
left or right out to the given sweepangle, 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 1is also transmitting and
listening. Transmission interval (TTIME) is given by
technical detection range as;

TTIME = 2 x TEDEC/1500 seconds (3.1)

where

TEDEC
1500

technical detection range in meters.

speed of sound in salt water, m/sec.

The torpedo run is conducted in steps. Every 0.5
saconds 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
tae intensity of the echo.

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




- 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 1is also of interest.
Therefore, we store these data at the first detection.

However, successive detections are alsc important. Aas
part of the criterion for the decision of when to go fronm
search-phase to attack-phase, ¢the number of successive
detections (with no non-detection between) may be employed.
In real life there is always a positive probability of false
detection. Even if we are not addressing the protlem of
false contact as such, we can cover the possibility by
requiring the torpedo to have at 1least two successive
detections before going into attack-phase. Accordiingly, we
store also the previously 1listed data at the second
successive detection(two immediately following detectionms),
at the third and so on, up to and including S5 successive
detections. This 1listing of detections will give an
indication of the decrease in detection probability if a
large number of successive detections before going into
attack-phase 1is required in order to decrease the
probability of false contacts.

20
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Iv.

I3
3
I

SEARCH

For simulating the torpedo search, a Fortran Iv

simulation program was developed.

The

See
See

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 POSIS which calculates the torpedo course,
and torpedo and target positions at each time sterp.
Subroutine DETECT which checks if the target is
detected and if so, store detection data.
Pig. 3.
Appendix A and Appendix B.

21
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MAIN
PROGRAM

.
3

SUBROUTINE
PARMET

SUBROUTINE SUBROUTINE SUBROUTINE
FIRING POSIS PETECT

Figure 3 - STRUCTURE OF COMPUTER PROGRAM




B. DETECTION MODEL

A contact occurs when the acoustic energy-pulse
generated at the transducer and reflected from the target as
an echo, 1is at or above threshold level. 1In 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 detecticn occurs 1is a function of
detection threshold(signal to noise ratio), the range to the
target, the target strength and the relative bearing to the
target, given a level of radiated intensity.

The dJetection threshold for a torpedo is a function
of design and technological sophistication of the torpedo.
Without making any assumption about these variables in the
model, 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 bearing 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. Echo Intensity

In calculating echo intensity e must separately
investigate the important factors, which are transducer

23




gain, lobe characteristic, transmission 1loss and target i
strength. The model used is described below.

T ———

24




different types of beam pat

mathematical model was

acceptable pattern;

[SIN (x

x T

G(8) = G co

wanere

X 8/e
‘ (0]

and
maximum gain

relative bearing
lobe width.

This model will

shown in fig. 4.

developed

a. Lobe Characteristics
The transducer has a main 1lobe and many
sidelobes as a <function of the transducer's gain and
relativ2 bearing. Urick [6;51-57] discusses some of the

tern (lobes), and the following

and found to give an

S(8/2) (4. 1)

(4.2)

produce the

gain-pattern as
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L obe width = 20°

Lobe distribution

—
TR
-

Intensity distribution

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

Primarly, the reduction is due to two effects;
spherical spreading and absorption.
Spherical spreading is a known function, but absorgticn is
dependent upcn transmission frequences, water, salinity 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 propagation is given by;

2
I=1I/R (4.3)
0
where
I0 = radiated intensity at one meter
= intensity at range R.
R = range in meters.

c. Target Strength and Target Aspect

When the +transmitted energy pulse hits the
target, some of the energy 1is reflected back to the
transducer. The echo intensity is a function of the shape
and dimension of the target, type of reflective material 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 meter, or if in 4B,
10 times ¢the 1log of this ratio; base 10. In most
references, the target strength or the target cross section
is given abeam of the target, see [5;97],[6:274], without
presenting the <c¢ross section as a function of the aspect.
Urick [6;282,283] gives , however, as figures, an indication

27




of how the target strength(in dB) varies with the aspect.
Cox[3;60) states that it will vary between 10 and 2% 4B.
All measurements in dB in the two references are relative to
1 yard as unit for range. Urick([6;283-286] indicates that
his reference (as given in the figures) will not change in
any considerable degree with changes in frequencies (20-60
KHz) or for different targets (submarines/surface ships).

Assuming a torpedo with transmitting frequency
between 50 and 60 KHz, we get a wavelength varying between
2.5 and 3.0 cm(0.025 - 0.03 meters). As any reflection from
a target is mostly determined by target form, size, aspect
and wavelength, we may use a model froa radar theory in our
next step. The justification for this use is that in radar
theory we are vorking in the same area of wavelength and
target dimension as an active sonar fcr a hcming torpedo.

Crispin and Siegel {4;86] give for target cross
section a model for an ellipsoid where the incident
angle (target aspect) is a variable. The relationship is as
follows;

2 2 2
M-a ‘b -c

2 9 Z 2 2 p; Z - Y
(a -SIN 8-COS @ + b -SIN @:SIN @ + c -COS 8)
(4.4)

a, b, ¢ being half axes of the ellipsoid.
Ref. Pig. 5.
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Pigure 5 - MODEL OF TARGET AND TARGET ASPECT
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As we assume that the <transmitting pulse is
always in the horizontal plane, © is 90 degrees, which gives

us;

2. 2.9
W.-a b -c
g = (4.5)

A 2 pA P4
(a ‘COS @ + b -SIN ¢)

<
[}

aspect.

Urick [6;275] gives for target section a model
for abeam or ahead cases, which is;

t = o/ @M = (b~C/2-a)2.

identical with Egq. 4.5. Note that Eq. 4.5 is an

axpressicn fcr the target cross sectioa.

Haslett [5;139] gives for the target cross section a model

for both ahead and abeam cases. His model equals Eg. 4.5

times a factor 52, wvhere R is acoustic reflectivity

coefficient (per cent) = 94.

The advantage of using Eq. 4.5 is that it gives the target

cross area as a continous fdnction of thé target aspect.

For our model we will only use the 1lower part of the

ellipsoid to simulate the ship hull below the water line.
Combining Eg. 4.5 and acoustic reflectivity

coefficient we get the following model for the target cross

section;

20z 22
W.a ‘b -c *R
o = = (4.6)

Z 2 P4 2 &
(a ‘:COS § ¢« b -SIN 9)

With reference to6 Urick's figures [6;283] where
the pattern of the target strength is given as a function of

30




aspect in Fig. 9.13, and reproduced in this analysis as

Pig. 6.a, we still have not obtained a model which gives
the same type of pattern. By applying the following scaling
factor to Eq. 4.6 we have approximated his information:

2
U = (0.251635‘9 - 0.18555°9 + 0.0365-SIN(3-(9 + 0.17453))

-1
+ o.o1s-oz-sm(9~w2)) (4.7)

We then have as the target cross section in our model the

following expression;
d=dzx8 (4.8)

where ¢ and U are as previously shown.

Fig. 6.a and Fig 6.b shows an 'ideal' pattern and a model
pattern. The figures given by Urick are for 1 yard as
reference distance, but have been converted to 1 meter
reference distance in PFig. 6. To go from dB(yard) to
dB (meter), we subtract 0.78 dB. The dB as given in this
analysis are all with 1 meter as reference distance.
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The active sonar eguation is;

2
P G gG -\
0 t r
P = datts (4.9)
3 8
(4-TM R
}
E P := power received
Po = power transmitted
Gt = gain transmitting, ref Eq. (4.1)
d = target cross section, ref Egq. (4.8)
G = gain resceiving, ref Eq. (4.1)
A = vavelength in meters.
R = range to target in meters.

This wmay be rewritten into an expression of power received
as a function of the variables of the different terms;

SIN(X - SIN(X -
- r

j-a ‘b <€ R | __ SN
xtxw' i i X;7w' 1

T2 2 Z L
R .(a «COS 9 + b -SIN @)
(4.10)

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

For more detailed discussion about gain,
transmission loss and reflection (target cross section), see
(1:;110-111] and [6;29,94,263].

We can now calculate the minimum power level for detection
by setting:




Rt = technical detection range
X = 0 degree

% g

X = 0 degree

=

® = 90 degrees
and we get

B ag ' ; (4.11)
mlin

and by substituting for U

2.2 2 2
a ‘b ¢ ‘R -3.08657
: (4.12)

min
R“ b2)2
t (

a, b and ¢ are the dimension of the target used in the
model.

We assume a ‘standard' target, length 100 meters, beam 15
meters and draught 4 meters, i.e.

a = 100
c =4,
There will be a detection if P/p . > 1. Note
min
that P/P . does not depend on K, into which radiated power

min
and transducer gains have been included. The technical

detection range Rt is an operationally meaningful surrogate
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Any intensity-fraction calculated during a
transmission which is greater than 1 1is a detection.
However, to improve the model at close ranges, the following
modification has been made for gain variation due to
relative bearing.

At close ranges, 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 2cho, the model <calculates relative bearing to the
target bow, center and stern, calculates the corresponding
gain facter 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 model does not recognize a detection unless the
tactical situation makes it possible to maintain contact
with the target for some time. To be precise, the following
conditions must be present;

- torpedo turn rate higher than bearing rate
- closing speed must be positive.
- target must have 2 knots doppler.
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V. PRESENTATION O

A. STOCHASTIC ELEMENTS

In the previous description of the model, the

input values are stochastic;
- error in target speed
- error in target course
- error in target range

- initial torpedo course (not

The primary stochastic
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versions; complete randomized and independent; with
antithetic reduction technique (sectioning) ; and the
previously described procedure. The number of runs needed
in order to keep the variance 1low for the result vwas
considerably higher for the first two versions.
Accordingly, we selected the previously described procedure.
It was found that a series of 150 runs was sufficient 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 spaced sections; and the range of
probability of target course errors into 10 equally spaced
secticns. Each section boundary point was by inverse
probability transformation converted irto a variate.
Bearing in mind that speed errors are normally distributed
and course errors are uniformly distributed, all
combinations of target data error are plotted in Fig. 7.
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B. TYPE OF PRINTOUT OF DATA AND RESULT

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
printout gives the sweep lane, which is the width of +the
lane where the torpedo has swvept through by its sonar lobe.
The coverage ratio gives an indication of the fracticn of
the 1lobe, which is covered twice; i.e. how much the lcbe is
being offset from its previous position by change in the
torpedo course. The question of offsetting the sonar lobe,
about which information is given in the printout, is
discussed later in Ch. VI.

Ref. Fig. 8.

For each run, the following are output: target data,
torpedo deflection angle, torpedo main course, target and
torpedo grid position at end of run, duration of torpedo run
and length of torpedo run.

After all runs in a series are completed, a summary is
given.

Ref. Pig. 9.

The summary gives detection probability for a single
detection, 2 successive detections, up to 5 successive
detections. Also mean detection range, standard deviation
of detection range, mean aspect, mean detection bearing
relative to center bearing of sonar 1lobe and relative to
main course are given.

Lastly, the detection range, the relative bearing to the
center of the target and to the closest part of the target
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at detection (relative to present torpedo course), and <*he
target aspect at detection are printed for each run for a
single detection, 2 successive and 3 successive detections.

It also should be noted that it is pcssible to get a
more detailed printout for each run by setting IPRINT = 0 in
the main program (main program statement 035).

Ref. Appendix D. for example of detailed rum printout.

Prom the printout data, it 1is possible to study
different aspects of the detection process as well as to
generate distributions of detection range, aspect, bearing
etc.
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VI. PARAMETRIC TORPEDO ANALYSIS

A. OBJECTIVES

The following approach was used:
The torpedo speed, the technical detection range and the
lobe width were assumed to characterize a torpedo type.
Within the type, it vas possible to change the turn rate ard
the sweep angle.

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

The following questions were investigated:

- Can a torpedo be improved by offsetting its sonar 1lobe
from the torpedo heading ?
Rephrased; it may be asked, is the sonar lobe searching
in the right direction (most likely area) by
pointing straight ahead along the torpedo course ?

- How do turn rate and sweep angle affect a torpedo's
MOE ?

- How are the different torpedo types related to each
other with regard to detection probability (MOE) ?

In the analysis, we started with a reasonable tactical
situation; target speed 18 knots, range 3000 meters,
technical detection range 750 meters. Initially, we changed
the attack angles.

With regard to torpedoes, we started with three types of
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torpedoes; 24 knots, 32 knots and 40 kncts; all with 20
degree lcbe width, 6 degree per second turn rate and 30
degree sweep angle.

B. OFFSETTING SONAR LOBE

The hypothesis was that when a torpedo is fired on a
deflection angle course, the sonar 1lobe should be most
effective if it scans across the bearing to the target.

Or, the sonar 1lobe should be offset equal to deflection
angle (DA). Ref. Fig. 10.

It was found that offsetting had a positive effect when
attacking from ahead of target.
Ref. Fig. 11.a. and b.
But from 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 secemed
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 torpedoes (32 and 40 knots; 20
degree lobe width) at 2 different sets of turn rates and
sweep angles.

This conclusion applies for both single detection and
multiple successive detections; however, the magnitude of
the effect is changing as we look on different number of
successive detectiomns. The conclusion was that there is

us
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i little to be gained by offsetting the sonar 1lobe, and the
' sonar lobe was therefore not offset in subsequent
investigations.
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Tactical S»tuctxbn i Torpedo Parameters
Range 3000 m Sweep angle 30°
TA Speed 18 Knots Lobe width 20°
Det. range 750 m Turn rate 8°s

First detection
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B /[
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Pigure 11 - EFFECT OF OFFSETTING SONAR LOBE
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Tactical Situation
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TA Speed
Det range
Two detections
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Pigure 11.b. - EPFECT OF OFFSETTING SONAR LOBE
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VARIATION IN CFFSETTING SONAR LOBE

Table I.c.
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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 showed an increase in MOE as turn rate
vas 1increased. The MOE 1leveled off 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 torpedo 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 turrn rates.

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

From Fig. 15 where 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 were established by the general trend
from Pig. 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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Figure 12 - EFPECT OF TURN RATE




Tactical Situation: Range 30CO0 m

TA Speed 18 Knots
Det. range 750 m
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Pigure 13 - COMPARISON OF TORPEDOES WITH DIFFERENT TYRN
RATES




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 detoriation for 3 successive detectionms.
It is quite obvious that a torpedo which requires cnly a
single detection as requirement for attack has a
considerably better MOE, and a considerably higher potential
for improvement by changes in turn rate, than a torpedo
which requires more successive detections for classifying a
contact as a target.
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D. EFFECT OF SWEEP ANGLE

From preliminary simulation runs, it was fournd that from
90 degrees (inclusive) 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 S50 degrees, MOE
either levels off or decrease slowly. As a conclusicn, wve
established 40 degrees sweep angle as the ‘'optimal' value.
Por the 40 knot torpedo, the MOE was fairly steady over the
whole range for 30 deqgrees attack angle. Por 60 degrees
attack angle, there was a peak at 30 degrees sweep 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 second turn
rate) may be due to the time it takes to reach the target.
The shorter time,the less area on each side of the main
course 1is needed to be covered in order to detect a target;
i.e. a 40 knot torpedo needs only a 30 dergree sweep angle,
a 32 knot torpedo needs 40 degree sweep angle.
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Tactical Situation: Range 3000 m
TA Speed 18 Knots
Det. range 750 m
Torpedo Parameters. Lobe width 202
Turn rate 6°/s
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Figure 14 - EFFECT OF SWEEP ANGLE
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The reascn why we get a peak and then a reduction in MOE

as we 1increase sweep angle is supposedly due to a sharp
decrease in speed along the main course as swvweep angle is
approaching 60 degrees.
As example, 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 slowver
torpedo, the effect on MOE may be considerable due to less
speed advantage relative to the target.
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