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ABSTRECT

This report, snalyzss the Germen Scund-Controlled
Torpede in the light of the scant ipforimnetios at hand in
order to dstermize the conditions thet must be wet by
counterreasurea,and outlines the cheracter and development
of methods end meens for meeting these sonditions. :
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I. INTRCDUCTICH

1. Beports from abroad indicets thet tne torpedo nor-
maily runs at 30 kmots until the target is brought within
range of the sound eontrol eguipment, and then slows to about
20 knots. These reports further state thet scund cortrol is
accomplished through two seories of hydrophonss, eight or
tweive on e side, which operete at about § ke. A rsport of
the interrogetion of the survivors of the "UsB0" gives the
foliowing edditicnal informaticn: -- The torpedo has been
given the extra lcag range of 17,500 yards to emable it to
overhaul i%s target. The radius of its minimm turning
circle is 104 yards. The amount 5% halm reguired is given
to the rudders by the microphones, which set the rudder to
& given number of legress according to the microphone that
is nearset to the ncise. Hors helm is given when the after
microphcrnes are affected. Information regarcing the gec-
mstrical arrangement and spacing of the eeveral microphones
of each group is wholly lacking.

IX. SOUND CONTROL FREQUENCY

2. It may be notad at the start that the choice of o
frequency tand centsreé at 5 kilocycles for directing the
torpedo was well comsidersd. The sound spectrum of a tor-
pedc proceeding at 20 knots reaches & wmeximum intensity
within the band 100-250C cps and drops to relatively low
valus at 5 kc. The local nolse background, which limits
the range of operations, becomes favorsble within this fre-
quency band. The 5 k¢ band also imposes diffioculties from
the standpoint of countermeasures since it limits the range
within which countermeasures can be ef'fectively used. This
can be understood by reference to Flate 1, which serves to
demonstrats that the range D %o which the sourd equipment
should be expected to work in deep water is given by the

expression }
A

where L iz the depth of the torpsdv and A. is the sound
wavelength., Taling 10° as the normal rumning depth and 1
as the avsrage wavelenghh in the frequency band centered
about § ke gives
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whis figure assumes & low noise vackground such as would
not obtair on the torpedo. The practical rarnge to which
the torzecde will respond o scoustisal centrol should be
expectel to fall somewhat short of 800 feet. Probably
600 feot ccass nesrer to represesting the prectical
limitinz renge to which the torpedo will regpond to
countermonsires.

3. A survey of the sound generated by merchent ships
leads tc the comclusion that the homing point of a sound-
directed torpedo employing & frsquency bané csntered at ap-
proximetely 5 ke must be the propellers cf ths target.
Since the nurpose of countermsgsuras is %o prevent the tor-
pedo fzom reaching the target, a consideration of the
charscter snd limitationa of the sound-conirciled path of
+he torpedo bscomes of prime interest.

III. COURSE OF TORPEDO

4. Looal noiss background must limit the gound con-
trol to relatively short ranges. Therefors, the torpedo
must be isunched and gyro-directed along & collision course
4o within some roughly predetermined renge where the in-
tensity of the target propsller sound is svfficient te
operate %ths acoustical controls. From this point om, the
torpedo may be expected to follow & sinuous course along a
theoretical smooth path directed continuously at the pro-
pellers of the moving terget. The charactsr snd limitaticns
of the theoretical path are obviously dependsnt upon the
velocity Vi of the terpedo, the velocity Vg of the target
ship, and the relative bearing of the origin of the sound-
sontrolled path with respect to the target. Such paths are
deawn to scale in Plate 2, wherein the paths originate on &
circle o 800! radius centered on the targei’s rropellers
at the instent the torpedo crosses this circie. The speed
and fixed courss of the target are reprosented by the vector
VB; and the speed, course, and corigin of the path of the
torpedo ars indicated by vector Vo

5., Four paths are shown in Flate 2. The two with
origine spacified by vectors V¢ and Vé'are located off the
bow symmetrically with respact to the target, and those
with origina specified by vectors Vi'' and V.'* are simi-
larly loceted off the quarter. The two sterboard paths
shown are for Viz 20 krots end V. = 15 knots, while ths two
port side paths shown are f{or V£ = 20 knots and Va = 7.5 kuots.

’m -
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A copsidoration of these paths an¢ of thely underlying

thaory, leade to the conclusions =

a)

e)

SECRET
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Ths curved peths are CONCRYE
toward the forwerd dirsctior
of the terget.

The curvature increaces 2&
the angulsr bearing ¢ of
the path-origin, meesured
from the sterawsrd projested
course of the target, becomss
groaters

T™he ewrvature inocreases as
the ratic v3/vt decrsased.

The torpscc can reach the
target only along paths
where the radius of curva-
ture does not become 1258
then the minimun turning
rodiue of the torpedc, and
hence only along petns
having their origin within
some limiting valuss of £
depending upon the ratio
V,/V Lo

There ig, thus, a region for-
ward of the target of angular
spread 2(180°- &) that does
not weed to be safeguerded by
countermeasures. This region
is repregented by the cross-
natched aress on Plate 2. A
torpedo following a path
within theze aread must miss
the terget. and continue on,
presumebly in & circular path
of radius B equel to the nini-
mum twning redive of the tor-
pedo. The small unzhaded erea
forw™ 4 of the terget +theoretical-
1y is exposed t0 atteck, but
prectioally nesd not bte guarded.
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G. 7hs shaded “safls sestors” of Plate I were
determined with the 2id of Plute 2, the watheraticeal
theory of walch is tce invelvsd ke be gives hers. It
ig asguusd thet the target ship ig rectangulsr in ehape,
and 30 feei wide. The minimum turnizg radius of the
turpedo iz teken as 300 fast,

7. Tt 3£ of interest to coneider the conditions
necessary for svelding hull copbsct whsn the borpedo
traverses e circular peth of minimum turning radius. The
cireie with redius R of Piate 4 rapresents the minimum
turning sircle of the torpsde. This path ies just missed
the tves 5 propeller et point p. The course of the tar-

zet may it elong any chord of tha circle starting at p,
anch e# t~c. depending on the dirsction ot whiehb the for-
pedo crossad the track of tne terget. Tne terget will
avoid & z

it by csusing the ferpsds to pass estern when
1¢ iraverse: tre chord peg in less time than the Lorpede
treversens the erc. Therefcre. oOnc condition for evoiding
“he torpsde becomes:-

LR 6 _ 2RS

m

Vs = Vi
. p -
- E __V‘;_: == __% (1)

Substituting the two values 15/20 and 7.5/20 gives for é
respectively the values 73° and 1259, _.The complements of
these engles, 170 and -35°, give the courses of the target
with respect to the diameter p-s of the turaning circle.
Therefors the 15 knot target will eacape if its course lies
within 17 of the diameter p-s of the turning cirele of the
torpedo. The 7.5 knot ship, however, canuci eacape unless
ste course lies outside, (l.e., tc the right of ) the chord
making ~35C with the diemeter p-s of the turning circle and
on the sids opporite tc the torpedo. This results in
directing the torpedo along the major instead of the minor
arc p~q. This condition can arise only when the approach
path of the torpedo crosses the ship's course at an argle
less then 90°, and hence should rarely occur in practice.
Therefore, the slow ship should not be expected to oscepe
when the approaching torpedo migses close astern.

8. The target will escape a nit dus %o passage of

the torpedo forward of the bow whan the time required fer
the torpedo to travel the arc p-q is less than the time re-

. 4=
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quired for the bow ol the target to rescgh the end of the
chord at q and, in practice, the chance of escape becomes
greatest when ¢ord p-g becomes the dlameter. Therefore,
in this cese, as shown on Plate 5, the most favorable
conditions for escape become:~ :

TR, 2Rl b L aR-Le-
Ve A3
Substituting in equation (2) the following practical
values =

300%, turning radius of the torpedos
400", lemgth of the target (arsrape freighter).
the distance the spproach course psssel astern.
7.5 knots ~ Since slow terget speed favors a
forward miss,

25 4 Loo-Woo-m

g - 300 —
gives TF<3 20

) &

LI I { I 1]

a‘ﬂdg a— <_ ‘_I;Ga

This means %hat the bow of ths terget, even when it steams
at the slow speed 7.8 knots, will have passed 150! beyond
the point q by the time the torpedo arrivss at this point.
Therefcre the target camnot escape a hit by virtue of the
torpedo crossing sheed of its bowe

IV. OPERATION OF SOUND CONTRCL

9. In the light of the above apelysis the chances of a
hull contact by the subject torpedo, after it misses contacting
the propellers as & result of its somewhat considerable turning
radius, is sc high as to suggest that the design may well have
been direccted primarily to this emnd. It will be seen that a
consideration of possible modes of operation of the two groups
of microphones tends to support this suggestion, as do the
quoted statemente of paragreph (2), and e more recently re-
ceived statement from a survivor of the torpedoed freighter
S.S. MATTHEW LUCKENBACH which reads as follows:

AL 1054 GCT, one torpedo was sighted spproxi-
mately 3 points aft the port beam st £pproxXi-
mately 400 to 500 feet and another & faw seconds

iR -5~
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later 2 points aft the port beam at about £00
feet. A third wae alsc eighted et this time
erproximately broad on the port beam af ap-
vroximately 800 feet. Wakes were noted com-
moncing approximately 10! estern of ths tor-
psdces which were traveling almost eatirely
sucnerged. Ho estimate was made as to their
length. The torpedoes appeared tc be coming
from astern on a course paraliel to the MATTHEW
LUCKENBACK at a speed not more than 2 or 3 knots
in excess of ship's speed. When approximately
ebeam, the first two torpedoes dived, mcmentarily
exposing fin and rudder assembly which was noted
to be black. The third torpedo continued on
ahead of the ship and was not seen to dive. The
irst two torpedoes were not sighted again, one
explosion occurring shortly after diving and a
gecond possibly some seconds later. The first
exPlosion occurred outboard abreast of port side
of #Z hatch which contained general cargo,
ripping a hole about 8% to 10* fore and aft
alcng waterline, also damaging the port boatdeck
superstructure. Sulphur smell wes noted. The
second explosion occurred outboard abreast of
porteide of #4 hatch which contained grain.

10. The acoustical control as reported is dependent oz
two like groups of 8 or 12 microphone units symmetrically
mounted on the port and starboard sides, respectively. It is
presumed they will be located well forward tc¢ minimize noise
disturbance from the propellers. These groups may therefore
be expected to center about 10* forward of the torpedo's pro-
pellers. If the torpedo is designed primarily to contact the
targstfs propellere, it might be expected thet the several
receivers of each grop would be spaced along an element of
the cylindrical surface with the reaponse of the receivers of
each group brought into like phese along lines 1 and 2 making
the angles & axn> #’ equal, wcute, and symmetrical with respect
to the fcrward direction as depicted in Flate 6. Such an ar-
rangement provides the double lobe type of reception that has
long since proved effective for homing purposes, and at the
same time makes the microphone response to the local propeller
noise relatively weak. Morecver, the use of multiple receivers
with properly designed retardation lires for azchieving di-
rectivity l¢ in accordance with Germsn practice.

TS




11. But this seemingly optimme arrangement and use
of the recsivers of each group lecks agresmest with the
prisoners' statements guoted za paragraph t. Moreover &
torpedo directed by this arrangeme 5 would not agrée in
behavior with the torpedees thet sank the e TTHEW LUCKEN-
BACH. It therefore appsars theth the several microphones
of eech group are utilized in ecwe other way. However,
the numbsr invelved, 8 or 12, is zuch as to argue con-
vincingly that at least a part of tae nicrophone units of
each group are directively employed.

12. If, in sccordance with ONI Rsport, Ser. BOC, from
Navel Attechd, London, dated Februsry 28, 1248, it is ag-
gumed thet when sound is receivsd cn the forwaré microphones
only, small amounts of rudder are cypplied, but that the
rudder angls is increased wnen the after mierophones are af-
fectod, then it must elso ba essuned that the after miero-
phones are used direetively as a group and that the group
is directed well away from sheed. Otherwise on approack
these after microphones would respond a8 readily to the
target sound as would the forward ones. Anc since broad-
side directivity requires no retardation units, thereby
grestly simplifying the equipment, it mey be expected thet
the rear 7 or 11 microphones cf eash group ars cornected
ir paraliel or in series %o give such broadside receiving
sergitivity as is indicsied by the goiid line contours of
Plete 7. With euch an errangsment the two forward receivers,
whose seneitivity contours are indicated by the broken lines
of Plate 7, will prevail during the approach until the tor-
pedo tends %o pass by the target, when the vigorous response
of the broadside directed group fecing the target will pre-
veil and turn the rudder to a greater angle. The limit of
this engle may be expected %o depend upon the range to the
terget's propellers when the torpedo passes, and to become
smeller as the rsnge becomes greater

15. If it is assumcd that the rudder is locked at the
angle given when the torpedo passes the target, then its be-
hevior will conform in many respecte to the behavior of the
two torpedces striking the MATTHEW LUCKEWBACH. These two
torpedoes were described as approaching from astern at the
respective ranges cf about 200% and 400" off the port quarter
and on courses substantialliy parallel with that of the ship.
This would brimg them roughly to renges 140° and 280! re-
spectively when they cane aleng side and were reported to
dive, prosimably as a result cf jntense broadeide reception
of the target propeller sounds. Shortly thereafter omne tor-
pedo hit the ship alongside port hatch #2, and slightly later

eSS
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ths other hit alongside port hateh #4. Therefore, the in- |
tonse brosdside sgound receptica that presumably served to I
work the ¢iving rudders appeers 2lso to have sffected the
horizcntal rudder control that carried both terpedces io
the ship's hull. The third torpedo eppesrs Lo have passed
beyond the opersting range as discuseed in paragrepa {(3).

14. The fact that ail thres torpedvsus approschad cn
the port zkde of the MATTUEW LUCKENBACH, suggests that the
sound control on approach is deliberately offset to avoicd
& direct propeller comtact. This suggestior is emphesized i
by the fact that the relatively slow speed reguired to re-
duce locel noise background to & level that permits sound
gontrol may well prevert the torpedo from maving headway
irectly sgainst the propeiler wash - en¢ oy the further |
fact ths® the chances of & bull contact ere surprisingly I
high for = torpedo thet approaches from astern on & COUrses :
roughly parsllsl with, and at a runge R from, thet of the i
terget, and then proceeds toward the target alomg a circu~ E
1er course of radius R from the point whore the target's I
rropellers bear broadside to the torpedo. :

V. CHANCEE GF ESCAPE

15. The conditions and limits under which a torpedo
controlled in sccordancs with the above sssumption may be
expected to contact the null of a target ship can be umder-
stood by refererce to Fiate 8, wherain the terget, of length
L, is assumed to procesd on & fixed course at speed Vg. The !
torpedo, with speed Vi, has reached its position along some :
sound-controlled course thet has become subsientially paral-
lel with end at range R from ths course of the target. At
thie point the torpedo, through broedside dirsctive reception
of the prcpeller sound, tekes on & rudder setting that directs
the course toward the targct along & circle of radius Re The
cireular course of the torpedo and the straight course of the
ship intersect at point p. Ths conditions an’ limitations
sought are those that bring this crossing peint p botween the
tow and stern of the target.

16. The distance the torpede must travel to strike the
ghip is ZrR/4 or it R/2. The distences the bow and stern of
the target must travel to reach peint p are respectively R-L
&nd R. fThe time reguired for the torpedo to reach point p
is IrR/2Vy, while the times required for the bow and stern

BB =B~
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of the terget to reach this peint ars, respect p
(R-L)/¥V, and R/V » Therefore the torpeds will croess
forward of the tsrget wier

T o B-L o Y¥s = oaf R/L-
2V Vs Vi T R

apd will eross astern of the target when
ﬂé.@.— s Or when V& -}"’;_;%., .
2 Ve Vs Ve T
Thege conditions are repressnted graphically im Plate 2,
for a significant range of the ratle R/ie Az has besu
noted B can not reascmably exceed §CC fest and the length
of ship, L, is not liksly to be legs than 250 feet. In
the cese of the Terman torpedo Vi is 20 knuits. Clearly a
ship meking more than 2x%20/7Y, or 12.75 kncts, regardless
of its lemgth, L, or the range, R, will outrun the torpedo
and cause it to miss. Quite as clearly s ship making less
than 12.75 kmots will wvery probably be hit by the torpedo,
for the ccaditions for the torpsdc tc pass around the bow
aro satisfied only for values. of Vg/V&ard R/L within a rs-
stricted region. Aseuming & minimum normal comvoy speed
of 7.5 kacts, Vg /Vy will rarely bs iees than .375. Accepting
thie aeg an additional condition, the chance that the tor-
pedo will pess around the bow of & target ship waking less
than 12.75 kmots becomes very remote indeed. It follows
thet the probability of a torpedo hit for targebs within .
the speed renge of all but the fastest comvoys approximetss
unity.

VI. SUMKMARY OF TORPEDO CHARACTERISTICS

17. The character and potentialities of the Germmn
Acousticsily-Controllsd Torpedo as sonceived through the
above anzlysis can be summerized as follows:

2 ) The range tc which the Germen torpedo
will respond %o the prepeller sound of
the target, and hence to ecoustical
countermeagurss, may be expestsd toc ap-
prozimate 600° while operating irn depths
beyond about 100 fathoms. :

o
i
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d)

e)

£}

The torpedc i nov designed for use
ageinet fast ships or convoys bat
ghiould prove especialliy sffestive
againgt ghips or convoye procoeding
at speeds less then aboul 1Z kmots.

} The torpedo is designed to home ¢n

he propsllers of the target through
the diffsrence in intensity of the
propeller sound as received by two
sabstantisnlly non-diractive recsivers
symnstrically located on opposite
sides and designed for recepticas

of & band of fregquencies centerazd
gbout 5 kilocycles.

The intensgity differeuntial of the
prapeller sound of the target picked
up by the two broadcest receivere
must result from differential shield-
ing by the intervening body of the
torpedo. And since the diameter of
the shield is only of the order of
twice the wave length, it may be ex-
pected that the resulting relatively
weak homing tendency of the tecrpedo
will fevor missing rether than di-
rectly hi4ting the targetis propellers.

The chances of a hull hit by & tor-
pedo that misses the propellers on

an approach from the rsar and thet

on passing teltes e circular course
toward the target sre so high as to
encourage the belief that the Germans
have deliterately designed the socund
control of these acoustically operated
torpedoes for such action.Ths, should
prove ideal for firing into a elow
moving convoy from a considerable dis-
tance.

Most of the microphonses of both the
port snd starhoard groups are believed
to be conmnected for directivs recep-
tion, with the probshility that ths
direction is breadsids to tae torpede.

210
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The energy received
gource that hag @& fﬁ
frequency componsn’ ;

k¢ and iz presended broadeide Io !
the torpedo should be expected %o F
work the rudder controlg. There- |
fore, countermersures for the sub- |
jeet tornedo must work Lo prevent i
its spproech from the rear 3¢ & ‘
broadside bearing from the mro~ i»
pellers of the terzet. '

tet

UHTERUEASTRES

16, These conclusions suggest the following counter=

RGREWTSY 1=

z) Eliminate or greatly weaken the
propsller sound-sourts of the
target by stopping the engires
whensver torpadces are sesn O
heerd to epproach slowly from
agtern similarly to those the®
sank the MATTHEW LUCKENBACH, snd
by ccesting without change of
course until the torpsdves ere
weil past. This mcve muet D2
taken wefore the Grpadoes have
approached to brozdside bearing
of the propellere of tre targsi.

Yote 1: While thiz procecurs
mlght incrzese the hzzard in
case of & gyro—ccntrobled tor-
pedo, thera appeer:s to be no
reascn for misteking the two
types of shots; ainge it eppsars
jmprobablie that gyro-controlled
ghots would approech from astsr
along paths tending to pareule_
the course of the tareat or thet
the subject torpede wocl
on any other but e cours )
well astern. Thus it would seem
that this simple pvoceilre can
glways be used with sefely wilese
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or vntii other sund better CuunTeR
mesgures 2re at hend.

Provide =& g“(ﬁﬁuiﬁ:**&" gound gource
by’trai,1n~ behindg the ¥ :
more sound gensrators
quency and inteneity &z
that the torpedc will
intercepted before it c&
tion trosdszide from the

pellers.

Rote 1: Due to the Ss
kA

which whe torpedo can

gound, it becames nece
<he soupd source ~F sr“
for counbermeoastrss 2t dies
stantially & qual to that rexgs. Five
hanéred feet wouvld sesm o0 08

able disgtence.

Note 2: Tne USS DELTs, & 49C &
T bine-driven, singls-screw, freighter
of 9,700 tone displacsment geners
approximately 0,05 wattis in the f{re-
quency band 4000-#C00 ops, wasd gteaming
et 14.5 knots. A eound sourse for
countermeasures should generate & wini-
mrzn of about 30 waits withiz the lre-
guency band 4500-5500 cps. The figure
fails well within praciical limits, and
if service tests prove that somevhat
less power will suffice, then sne driving
power can be lowered and the lifo of
the egquipment sorrespondingly lengthened.

Fote 3: If, as aJpeara probﬁbls; counter-

measures are primerily conceried with

guardinr ageinst dirsctions from well
o4

estern, then a single projecher o reiled
about 500! estern might servs. bu¥ twe
such projesators gepsraied & distance

sebout equal Ho the minlwur turning
circle of the torpsde should provi
grester protectlon. The aouud field
regulting from the v :
jector is ghown in

G3ITITSSVYTIOND



cross-hatched sirea represents the
regicn in which the sound fieid from
the propellers of the terget wiil pre-
dominata.

Kete 4: Fossiviy & sirsenm ol zachine
gun projectila fived imto the water
off the bow ¢f the torpsdo carn sarve
t0~change its course.

Interpose a sound shisld beiwesn the
torpedo and the targst in the form of
a cloud of sir bubbles ecwrrounding
the propellers of the target.

[

Samws

Eote 1: The smount cf eir reguired is
not prohibitive. It czn be tank stored
and hence providsd by sny cne of ssveral
small corprsssers ou the markes.

lﬂ, The Sound Divisior of the Navel Hecemrch Lebora-
tory iz rorglng o perfaci comnbtoerrmeasures i sutlined in
{b) and {cj. The sound generator exploys otwo opposed
radiatiag diaphragms one foct in dimmeter, zack of which is
driven by magaetostriction siemente thet are weighted on
‘the free end bo permit vaer*~ the resonact fregquency to
moat chanpee that ray be made in the operating freguency
band of the torpedo. Ihe bubble ehisid promises to be a
vartisal cheet on both pord end starbvourd sids of the pro-
pellers supplied from . vertically mounted perforated pipss.’
leantine 3t eppears advisable to determine promptly the
‘tisg of tha parallel pipes for use zs an acoustic
ar 2t least as a stop gepes
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At point 2, for reasomeble strength of signol

eménaf/ng frbﬂ} '/aré/'bz‘ j,

1r /orao//'ce ,.0>> l,

expr ession reduces to
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