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LBSTRACT

s o o

This report, snalyzss the Germen Scund-Controlled
Torpede in the light of the scant ipformetios 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. INTRODUCTICH

1. BEeports 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 control is
accomplished through two seories of hydrophonss, eight or
tweive on e side, which operete at about § ke. A resport 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 mcise. Hors helm ig given when the after
microphcnes are affected. Information regarcing the gec-
mstrical arrangement and spacing of the eeveral microphones
of each group is wholly lacking.

IX. SOUND COBTROL FREQUENCY

2. It may be notad at the start that the choice of o
frequency btand 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 difficulties from
the standpoint of countermesasures since it limits the range
within which countermeasures c¢an be ef'fectively used. This
can be understood by reference to Plate 1, which serves to
demonstrats that the range D %o which the sourd equipment
should be expected to work in deep water is givenm by the

expregsion ;
p< gh”
A

where L iz the depth of the torpsdv and A. is the sound
wavelength. Taling 10° as the normal rumning depth and 1Y
as the avsrage wavelenghh in the frequency band centered
about § ke gives
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this figure assumes & low noise vackground such as would
not obtair on the torpedo. The prectical rarnge to which
the torzecde will respond %o gcoustisal centrol should be
expectel to fall somewhat short of 800 feet. Probably
600 feot ccass nesrer to represesting the prectical
limitinz range 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 centered 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. Loocal 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 character 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 origin 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.7'* 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 for V£ « 20 knots and Va = 7.5 kuots.

’m .
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A consideration of these paths an¢ or thely underlying
theory, leade to the concluslons =

a) The curved paths are concevs
toward the forwerd dirsction
of the terget.

b) The curvature increases 28

. the engular bearing ¢ cf
the path~origin,_meaéured
from the sternwsrd projected
course of the target, bhecomss
greatere.

The eurvature increases as
the ratic V /¥y decrsases.

O
~

a) The torpsdoe can reach the
target only along paths
where the radius of curva-
ture does not become iess
then the minimum turning
rediue of the torpedc, and
hence only along paths
having their origin within
some limiting valuss of 2 ,
depending upon the ratio
V’/Vfa

s) Thers ig, thus, a region for-
ward of the target of asngular
sproad 2(180°- &) that does
not meed to be safeguerded by
countermeasures. This region
is represented by the cross-
natchsd aress on Plate 2. A
torpedo following & path
within thege arees muet miss
the target, and continue on.
presumebly in & circular path
of radius B equel to the mini-
mum turning rediuve of the Sor-
pedo. The small unzhaeded ares
forwn. & of the target +heoretical-
1y is expossd 1o attack, but
practioally nesd not te guarded.

SECRET =B
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" oaf Plate Z were

6. Tno sgpaded “safe gastor
o the wathermeticeal

debermined with the 2id of Pl
theery of which is tce invelwsd be glilvea herg. It
ig asgussd thet the terget ship rectangaler ia shape,
and 20 feei wide. The minimum “urning radius of the
torpede iu teken as 300 faat,

™

et

4 ;O N W

It iz of interest tc comsider the conditiors
necesgary for avoiding hull comtact when tie torpedo

e cular path of minimum turning radius. The

s ius R of Piate 4 rapresents tha minimum
turning sircle of the terpsdeo. This path res just missed
the terset’s propsller st point p. The course nf the tar-
get mRY long any chord of ths cirecls starting at p,
d
4

such &8 U~g on the dirsction ot which the Yor-
2 -ask of tne target. Tue terget will

t suging the torpede to pass estern when
1t traverse: the chord pe-g in less time thaxn the terpedo
treverses the src., Therefcre, ore condition for gvoiding

5

+he torpsds bacomes -

IR smé _ 2R8

=4
3

Ve Ve
wn 8
ot i.--——-‘“;“’ ﬁw‘i (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 =359, give the courses of the target
with respect to the diameter p-s of the turning circlso
Therefore the 15 kmot target will escape if its cocurse lies
within 17° of the diameter p-3 of the turning cirele of the
torpedo. Tha 7.5 knot ship, however, cannct sacape unlsss
ite course lies outside, (l.e., tc the right of )} the chord
meking ~35¢ with the dismeter p-# of the turning circle and
on the side opporite tc the torpedc. Thig results in
directing the torpedo along the major instead of the minor
src p-g. This condition can arise only when the approach
path of %he torpedo crosses the ship's course at an angle
less then 909, and hence should rarely occur in practice.
Therefore, the slow ship should not be expected to escepe
when the approaching terpedo misses close astern.

8. Tne target will escape a hit dus tc passage of

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

e g~
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quired for the bow of the terget to resch the end of the
chord at q and, in practice, the chance of escape becomes
greatest when ¢ord p-g becomes the diameter. Therefcre,
in this cese, as shown on FPlate 5, the most favorabvle
conditions for escape become:- :

R~L-a- Y Lo

Ve > Vs

Substituting in equation (2) the following practical
values =
300%, turning radius of ths torpedo.
400', length of the target (averege freighter)s
the distance the approach course passel asiern.
7.5 knots ~ Since slow terget spsed favors a
forwmrd miss,

o 25 4 too-Hoo-m
ao

-l o

]

[ {1}

gives:= Tf-30

end, a £ -1%e,

This means that the bow of ths target, even when it steams
at the slow speed 7.5 knute, will have pasced 150' beyond
the point g by the time the torpedo arrives at this point.
Therefcre the tsrget camnot escape a hit by virtue of the
torpedo crossing ahead of its bow.

IV. OPERATION OF SOUND CONTRCL

9., In the light of the above enslysis the chances of a
hull contact by the subject torpedo, after it misses contacting
the propellers as & result of its somewhat considerable turning
radiue, is sc high as to suggest thet the design may well have

been directed primarily to this end. 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
guoted statemente of paragraph (2), and & more recently re-
ceived statement from a survivor of the torpedoed freighter
S.S. MATTEEW LUCKENBACH which reads as follows:

At 1054 GCT, one torpedo was sighted spproxi-
metely 3 points aft the port beam &t £pproxi-
mately 400 to 500 feet and arother & {'ew seconds

—alieaneeE— ~5-
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later 2 points aft the port beam at about £00
feet. A third wae alsc eighted at this time
exproximately broad on the port beam af ap-
vroximavely 800 feet. Wakee were noted com-
maincing 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 paralisl to the VMATTHEW
LUCKENBACK at a speed not more than 2 or 3 knots
in sxcess 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
along 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 anglee £ exl 6’ equal, scute, 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. Morecover, the use of multiple receivers
with properly designed retardation lires for azchieving di-
rectivity l¢ in accordance with Germsn practice.
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11. But this sseningly optimum arrangement and use
of the receivers of each group iecks agresment with the
prisoners' statements quoted ia paiagraph 2. Moreover &
torpedo directed by this arrangemens would nct agrés in
behavior with the torpedees thet sank the METTHEW LUCKEN-
BACH. It 4herefore sppears thel the several microphones
of eech group are utilized in some other way. However,
the number invelved, 8 or 12, is zuch &s to argue con-
vineingly that et least a par® of tne microphene units of
each group are Girectively employed.

12. 1If, in accordance with ONI Rsport, Ser. 80C; from
Navel Attaché, London, dated Februsry 28, 1243, it is asg-
sumed thet when sound is received cn the forward microphones
only, small amounts of rudder are cyplied, but that the
ruddsr angle is increased when the after microphones are af-
focted, then it muet also be assumed that the after micro-
phones are used directively as a group and that the group
is directed well away from shead. Othsrwise on approack
these sfter microphones would respond as readily to the
target sound es would the forward ones. And since broad-
side directivity requires no retarcation units, thereby
grestly simslifying the equipment, it mey Dbe expected thet
the rear 7 or 11 microphones cf each group ars sornected
in paraliel or in series to give such broadside receiving
gersitivity as is indicsied by the g80iid line contours of
Plete 7. With such an errangesment 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
smaller =5 the renge beccmes greatero

15, If it is assumed 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 LUCKENBACE. These two
torpedoes wore described as approaching from astern at the
respective ranges cf about 200¢ and 400' off the port quarter
and on courses substantially parallel with that of the ship.
This would bring thea roughly to renges 14C* and 280! re-
spectively when they came along side and were reported to
dive, presimably as a result of intense broadside reception
of the target propeller sounds. Shortly thereafter one tor-
pedo hit the ship alongside port hatch #2, and slightly later
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ths other hit alongside port hateh #4. Therefore, the in-
tense brosdside sound receptica thet presumably served to
work the diving rudders appeers 2lso to have effected ths
horizcntal rudder control that carried both terpedees o
the ship®s hull. The third torpedo eppesrs to have passed

beyond the opersting reavge us discuseed in paragrepa (2)a

14, The fect that ail thres horpedcss approsched cn
the por{ ke of the MATTUEW LUCKENBACH, suggests that the
sound control on approach is deliberately offset to avoid
& direct propellsr comtact. This suggestior is emphasized
by the fact that the relatively slow speed reguired to re-
duce locel noise backyround to & level that permits sound
gontrol mey well prevent the terpedo from making headway

irectly sgainst the propeiler wash - an¢ oy the further
fact the® the chances of @z hull contact ere surprisingly
high for o torpedo thet zpproaches from astern On & SoUrss
roughly parsllel with, and at a runge R from, that of the
terget, sud then proceeds toward the {arget aleng a circu-
1er course of radiues R from the point whore the target's
rropellers bear breoadside to the torpedo.

V. CHANCES GF ESCAFE

15. The conditions and limits under which a torpedo
controlled in eccordance with the above sssumption may te
expected to contact the null of a target ship can be under-
stood by refererce to Flate 8, wherein the terget, of length
L, is assumed to procesd on & fixed course at speed Vge The
torpedo, with speed Vi, has reached its position along some
sound-controlled course thet has becoms subsientially paral-
lel with end at range R from the course of the target. At
this point the torpedo, through broesdside directive reception

of the prcpeller sound, tekes on & rudder setting that directs

the course toward the target slong & cirele of radius Re The
cireuler course of the torpedo and the straight course of the
ghip intersect at point p. The conditions anl limitations
sought sre those that bring this crogsing point p between the
tow and stern of the target.

16, The distance the torpedo must travel to strike the
ghip is 2wR/4 or i1 R/2. The dietances the bow and stern of
the target must travel to reech peint p are respectively R-L
ené R. The time required for the torpedo to reach point p
is FrR¢@¥t, while the times required for the vow and stern

0111155V IONN




of the tsrget to reack this point are, respectively,
(R-L)/¥, and R/V » Therefore the torpeds will croess
forward of the tsrget wier

RN s $

R R-L s o é”ﬁf/’rj
2V Vs Vi o ﬁy,

and will ecross astern of the target when

?.:.B_-. é.‘g— 9orwhea.;\{5-- = _2-;

2 Ve Vs Ve T
Thege conditions are repressnted graphically im Plate 2,
for a significant range of the ratie R/ie Az has besu
noted B can not reascmably exceed §CC feat and the length
of ship, L, is not liksly to be legs than 250 feet. In
the case of the Termen torpedo Vi is 20 knuts. Clearly a
ship mekivng more than 2x%20/7Y, or 12.75 knocts, 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 knmots will wvery probably be hit by the torpedo,
for the ccaditions for the torpado tc pass eround the beow
aro satisfied only for values. of Vg/Vsard R/L within a rs-
stricted region. Aseuming & minimum normal comvoy speed
of 7.5 kacts, Vg /Vy will rarely bs iess thap .375. Accepting
thie ae 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, SUMMARY OF TORPEDO CHARACTERISTICS

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

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

o
0
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d)

e)

£}

The torpedc i nov designed for use
ageinet fast ships or convoys bat
gliould prove especialliy sffesctive
againgt ghips or convoye procoeding
at speeds less then aboul 12 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 centerzd
about 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. &nd 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 teles 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.

¥ost of the microphones 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.
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The energy veoceived ¢
gource that has & fai
frequency componen’ ¢
ke and iz presenied b
the torpedo should be expected %o F
work the rudder controls. There- |
fors, countermetsures for the sub- |
jeet tornedo must work Lo prevent i
its spproech from the rear ¢ & ‘
broadside bearing from the pre- l»
pellers of the terzet. '

ted

Vil. SUGCESTRED COUHIBRUEASTRES

-0

16, These conclusions suggest the following counter-

RGREWTSY 1=

z) Eliminate or greatiy weaken the
propsller sound-sourcs of the
target by stopping the engires
whensver torpadces are sesn O
heerd to epprosch slowly from
astern similarly to thoss that
sank the MATTHEW LUCKENBACH, snd
by ccesting without change of
course until the torpsdoes ere
weil past. This mcve muet D2
taken wefore the torpedoes have
approached to brozdside bearing
of the propellere of tre targsi.

Yote 1: While thiz procecurse
might increesgs the hazard in

case of & gyro-cenirolied tore
pedo, thera appeer:s to be no
reascn for misteking the two

types of shots, ainge it eppsars
jmprobablie that gyro-conbrolied
ghots would approech from astern
along paths tending to pare:lel
the course of the targeb or thet
the subject torpede wocld appreach
on any other but e courss I¥

well astern. Thus ix
that this simple proceiu

e
>4
A

gelways be used with seflet




ot 7
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or wptii other sud bevter caunter
messures are at nand.

GITITSSYTIND

©) Provide & predominetisg sound zource
reiling behind the farget ons of
more sound gensrators of such Ivs-
quency and inteneity &l g g0 lacated
that the torpedc ¥i i
intercapted befo
tion trosdside 1
pellers.

7
R
:
m
o
B

Hots 1: Due to the jgnfting renge tc
¥hich uhe torpedo can e

sound, it becomes nECESIAT
uhf &cund oourc AL EOUTCEE

4a
stant;aﬁ,y qv&o to that renge. Flve
hunérsd fest would seem B¢ e & reasbne
able disgtance.

Note 2: The USS DELTh, a 480 Toot

turbine-driven, singis-screw, freightex
of ¢,7035 tons dlbylauenﬁni penersles

approximately 0.05 watis in the {re-
quency band 4D00-1¢00 cps, waen sheaming
at 14.5 knots. A cound sourse for
countermeasures should gsne:ace 5 mini-
mun of about 30 waits withiz the fre-
guency band 4500-5500 cps. The figure
falls well within practical limiis, and
if servics tests prove that QbHﬁThﬂt
less power will SL‘leO, t}mn tae driving
power can bs lowered and the f of

the egquipment sorrespondingly lsugthened.

“"
;..a T L

Note 3: If, as aJpeax probabl;; counter-
mengures ars primerily - concerned with
gusriing eguinst dirsc tions from well
gstern, then & s'ngle *rc ector sreiled
about 500! astern might s
such prOqutors cepsrated
sbout equal to the minimuar turzrng

civele of the torpede should provide

grecter protectiod. The sound field
resulting from the use of 2 single pro-
jector is shown in Fiatell the

TS =1 8=
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cross-hatched nrea represents the
regicn in which the szound fieid from
the propellers of the terget will pre-
dominata.

o
=
L
-
[ .
Lo
(¥l
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i |
L]
rr
=

Kote 4: FPossibiyv e girsem of machine
gun projectile fired iunto the water
off the bow of tvhe torpede carn s3rve
to changs its course.

St

Interpose a sound shislid beiwesn th
torpedo and the targst in the form of
a cloud of air bubbles currounding
the propellers of the target.

€]

Hote 1: The =mount of air reguired is
not prohibitive. It can bs tﬁﬁ& stored
and hence rovided b" any cne of ssveral
srall comprsascers on the marked.

199 The Sound Divisiorn of the XHavel Resemrch Lebora-
tory iz working to perfacit comabsrmeasurse ax sutlined in
{b) and (c}e The sound generator employs two opposed
radiatiang dlaphragms one focot in dimmeter, such of which is
driven by magnetostriction siemsnte thst are weighted on -
‘the free end to permit varying the resonazt frequency to
meat changes that may be made in the operating freguency
band of the torpedo. %The bubbls shiszid promises to be a
vertical chset on both por+ gné starbourd side of the pro-
gupplied from vertically mounted perforated pipes.’
eppears advisable to debermine promptly the
is3 of tha parszllel pises for use zs an acoustic
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