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AZIMUTH STEERING AND CONTROL SYSTEM
David A. Cooke, Wallingford, and Seth G. Fisher, Sharon,

Pa., assignors, by mesne assignments, fo the United

States of Ameriea as represented by the Secretary of

the Navy

Filed Dec. 9, 1953, Ser. No. 397,282
6 Claims. (ClL 114—23)

This invention relates to acoustic torpedoes and in par-
ticular to an azimuth steering and control system for such
torpedoes which may be used with either active or passive
acoustic guidance systems.

The run of an azimuth torpedo has three phases; the
first, or initial, phase during which the torpedo leaves the
launching vessel and proceeds to a given general area in
which the target is located; the second, or search, phase
during which the torpedo searches for the target; and the
third, or attack, phase during which the torepdo attacks
the target.

It is an object of this invention to provide an azimuth
steering and control system for a torpedo which can be
remotely set to cause the torpedo during its initial phase
to make a straight gyroscopically controlled run, or, alter-
natively, a circular run.

It is another object of this invention to provide an azi-
muth steering and control system for a torpedo which can
be remotely set to cause the torpedo during the search
phase of its run to snake along the gyroscopically con-
trolled course, or to make a circular run.

It is another object of this invention to provide an azi-
muth steering and control system for a torpedo in which
the azimuth steering means is adapted to be controlled by
acoustic guidance means to steer the torpedo toward a
target detected by the guidance means during the attack
phase of the torpedo’s run,

It is another further object of this invention to provide
an azimuth steering and control system for a torpedo
which is adapted, if a target is detected by the guidance
means of the torpedo and then lost, to cause the torpedo
to return to the searching phase.

It is another object of this invention to provide an
azimuth steering and control system which will cause the
torpedo to follow a prescribed gyroscopic course during
the initial phase, to follow an osciilating, or snaking,
course about the prescribed gyroscopic course during the
search phase, to attack the target under the control of the
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acoustic guidance system carried by the torpedo when a -

target is detected by the acoustic guidance system, and
to return to the search phase if the target is subsequently
Jost.

It is another object of this invention to provide an
acoustic steering and control system which permits re-
mote setting of the gyroscopic course which the torpedo
is to fellow during its initial phase.

It is another object of this invention to provide an
azimuth steering and control system which permits the
torpedo to circle to search for a target located above the
launching vessel.

It is another object of this invention to provide an
azimuth steering and control system which permits the
torpedo to circle during the first and second phases of its
run, to be controlled by the acoustic guidance system car-
ried by the torpedo during the attack phase, and to return
to the circular search phase if the target is subsequently
lost.

It is a further object of this invention to provide an
acoustic guidance systeh which permits the torpedo to fol-
low a given course for a prescribed distance, to search for
a target by following a snaking course about the pre-
scribed gyroscopic course, to attack the target under the
control of the guidance system carried by the torpede,
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to return to the snaking search type course if the target
is lost after being detected for less than a predetermined
period of time, and to pursue a circular search type of
course if the target has been detected for more than a pre-
determined minimum period of time.

Still further objects and many of the attendant advan-
tages of this invention will be readily appreciated as the
same become better understood by reference to the follow-
ing detailed description when considered in connection
with the accompanying drawings wherein:

FIG. 1 is a schematic illustration of the major com-
ponents of the azimuth steering and control system;

FIG. 2 is a direct current wiring diagram of the con-
trol system, and

FIG. 3 is an A.C. wiring diagram of the steering and
control system.

Referring in detail to the drawing, and particularly
FIGS. 1 and 3, two degrees of freedom course gyroscepe
18 has its outer gimbal 12 connected by means of shaft
14 to the rotor 16 of synchro generator 18. Course gyro-
scope 1¢ is adapted to be energized and caged by con-
ventional means, which are not illusirated, so that the
axis of rotation of gyroscope rotor 19 has a predetermined
orientation relative to the torpedo before the torpedo is
launched from a conventional torpedo tube, which is not
iilustrated. The stator 28 of synchro generator 18 can
be oriented to any position by means of setting and steer-
ing servo motor 22 which is connected to stator 20 by

eans of gears 24, which are shown symbolically. The
stator 28 of synchro generator 18 is electrically connected
to the stator 26 of synchro control transformer 28. The
error voltage induced in rotor 39 of transformer 28 is
amplified by ampiifier 32 and applied to one of the wind-
ings of two phase A.C. servo motor 22. Synchro control
transformer 28 and amplifier 32 are located in a sub-
marine, for example, from which the torpedo is to be
fired. The second phase of servo motor 22 is supplied
with a single phase 115 volt 400 cycle current from the
submarine prior to launching, and from generator 33
(FIG. 3) located within the torpedo after the torpedo is
fired, or launched. The servo loop including synchro
generator 18, synchro control transformer 28, amplifier
32 and servo motor 22 permits the stator 20 of genmerator
18 to be given any desired orientation relative to rotor
16 prior to the firing of the torpedo.

Prior to launching, synchro generator 18 is a component
of the servo loop adapted to orient stator 20 to a position
which will determine the gyroscopic course the torpedo
will follow after launching. After launching, synchro
generator 18 becomes the electrical pick-off for gyroscope
10 of the azimuth steering system of the torpedo. When
the torpedo is launched, the connections between the sub-
marine and the torpedo are broken and relay contacts 34
a, b, c, d, e, f, g, h open while relay contacts 36 a, b, c
are closed to permit 400 cycle 115 volt current from three
phase A.C. generator 33 to be supplied to conductors 37
a, b, c. Single phase 115 volt 400 cycle current is then
applied to one winding of setting and steering motor 22
and to rotor 16 of synchro generator 18. The voltage in-
duced across two of the three windings of stator 2 is ap-
plied to servo amplifier 38 through potentiometer 49
whose function will be explained later. In amplifier 38
the voltage from synchro generator 18 is amplified and
combined with the electrical output of a conventional
course rate gyroscope 41. The amplified output voltage
of amplifier 38 is applied to a conventional rudder actua-
tor 42 which positions rudders 44 to steer the torpedo in
azimuth. After launching, the actuator and rudders will
cause the torpedo to turn in response to the voltage ap-
plied to servo amplifier 38 from synchro generator 18
until the voltage from synchro generator 18 is substan-
tially zero. When this occurs, the torpedo is on the de-
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sired course in azimuth. The electrical output of rate
gyroscope 41 is added to minimize oscillation as well as
to damp oscillation of the torpedo in azimuth.

If horizontal circle switch 55 (FIG. 2) has its movable
element 56 in engagement with terminal 554, the torpedo
will make a straight run during the initial phase. Switch
55 is adapted to be remotely positioned by conventional
means, which are not illustrated. When so positioned,
the torpedo will follow a gyroscopically controlled course
in azimuth until the acoustic enabling relay 57 (FIG. 3)
is energized by the closing of selected distance relay con-
tacts 58a, if pressure switch contacts 60, anti-circular run
relay contacts 62a and fin switch 64 are closed. Relay
contacts 584 and 58b are closed when the torpedo has
traveled a preselected distance from the launching ves-
sel as determined by a variable enabler such as is de-
scribed in U.S. Patent application No. 390,268, filed No-
vember 4, 1953, by David A. Cooke and Robert H. Kittle-
man and entitled Variable Enabler and now Patent Num-
ber 3,004,506. Pressure switch contacts 60 are closed
when the torpedo is above a predetermined minimum
depth, say 150 feet. Anti-circular run relay contacts 62a
are closed unless the anti-circular run device with which
the torpedo is adapted to be supplied detects a malfunc-
tioning of the azimuth stering system prior to the closing
of contacts 58z. An anti-circular run device suitable for
the foregoing purpose is described in U.S. Patent applica-
tion No. 365,441, filed July 1, 1953; by Harry E. Eller-
man, Jr. and entitled Anti-Circular Run Device, and now
Patent Number 2,955,557. Fin switch 64, such as is dis-
closed in the variable enabler application, supra, closes at
the time the torpedo leaves the torpedo tube and energizes
fin switch relay 65 to close relay contacts 65a in FIG. 2.

When the acoustic enabling relay 57 is energized, the
second, or search phase, of the torpedo run begins. En-
ergization of relay 57 closes contacts 57a in FIG. 2, as
well as contacts 57b and 57c¢. Auxiliary hold in relay
contacts 66a and circle search relay contacts 68a in the
circuit of constant speed D.C. snaking search motor 7¢
are closed except when relays 66 and 68 are emergized.
Relay 66 is not energized until a target is detected by the

acoustic guidance system, as will be explained later, and -

the circle search relay 68 is not energized when movable
contact 56 of switch 55 engages terminal 554, until after
a target has been detected by the acoustic guidance sys-
tem for a predetermined period of time and is then lost.
Thus when contacts 57a close, D.C. motor 70 is energized
by 24 volts D.C. from battery 71 carried by the torpedo.

Referring to FIGS. 1 and 3, motor 70 is adapted to ro-
tate slider 72 of circular potentiometer 40 at a constant
angular velocity. At the same time that acoustic en-
abling relay 57 is energized, 115 volt 400 cycle A.C. is
applied across the primary windings 74 of stepdown trans-
former 76 seen in FIG. 3. The output of the secondary

windings 78 of transformer 76 is applied to diagonally ;

located terminals 79, 80 of resistor element 81 of potenti-
ometer 40. The circuit between amplifier 38 and synchro
generator 18 is completed through slider 72 and diagonally
located terminals 82, 83 which are spaced in an angle
of 90° from terminals 79, 80.

When slider 72 is being rotated by motor 76, an A.C.
voltage which is either in phase or in phase opposition
with the voltage across windings 78, and whose amplitude
varies sinusoidally, is added to the voltage from the syn-
chro generator 18. The sinusoidally modulated voltage
from potentiometer 40 causes the torpedo to change its
course in azimuth with the result that the torpedo will oscil-
late about the gyroscopically controlled course. This
periodic oscillation, also called a snaking course, permits
the acoustic system of the torpedo to scan a wider area of
the water ahead of the torpedo for a target.

The acoustic guidance system with which this invention
is adapted to be used can be active or passive after being
enabled. When active, the guidance system periodically
transmits pulses of acoustic energy and uses the reflected
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acoustic energy from a target to determine the bearing of
the target relative to the torpedo. When passive, the
guidance system continuously listens to noise created by
a target and determines the bearing of the target relative
to the torpedo from the sound generated by the target.
Remotely positioned three position acoustic guidance
switch 84 (FIG. 2) determines whether the acoustic
guidance system will operate as an active system, a pas-
sive system, or as a combination of the two; i.e. passive
until a target is detected for a sufficient period of time and
then active if the target is subsequently lost. When mov-
able element 85 of switch 84 is positioned to contact ter-
minal 84a the guidance system will be passive and then
changes to active as described above. When clement 85
engages terminal 845, the guidance system, after enabling,
will be passive during the entire run of the torpedo.
When element 85 engages terminal 84¢ the guidance sys-
tem, after enabling, will be active during the entire run of
the torpedo.

If element 85 of acoustic switch 84 is in the position
illustrated in FIG. 2, the acoustic guidance system will be
energized, or enabled, when relay 87 is energized. When
the guidance system, which is now listening, or passive,
hears, or detects, a target, relay contacts 88a of a relay
controlled by the acoustic guidance system close and re-
lay contacts 98a of a second relay controiled by the
acoustic guidance system also close.

Since contacts 575 were closed at enabling, the closing
of contacts 88a when a target is detected energizes auxil-
iary hold in relay 66 which opens contacts 66a to deen-
ergize, or stop, motor 78, closes contacts 66b, and opens
contacts 66¢. Transformer 76, in FIG. 3 is still energized
so that there is no sudden change in the voltage applied
to servo amplifier 38 which could cause the torpedo to
turn and possibly lose the target.

Contacts 92, 93, 94 (FIG. 2) are cam operated by a
constant speed motor, which is not illustrated, to open
and close in a desired sequence. The period of time for
each of contacts 82, 93, 84 to complete a cycle equals the
time between pulses of transmitted acoustic energy when
the guidance system is active. In a preferred example
this period is approximately one and one-fourth seconds.
Contacts 92 are closed during the cycle except for ap-
proximately thirty milliseconds which corresponds with
the time the acoustic transmitter of the guidance system
is transmitting. Contacts 93 are closed except for ap-
proximately fifty milliseconds before the transmitter
pulses, but close shorily before the pulse is transmitted.
Contacts 94 close with the transmitting of the pulse and
open approximately 405 milliseconds later, The sequence
of the opening and closing of the contacts 92, 93, 94 is
the same whether the guidance system is active or passive.

When contacts 92 are closed and relay contacts 90a
are closed because the guidance systemn has detected a
target, delayed gate relay 96 is energized and closes relay
contacts 96a, $6b, 96c. The closing of contacts $6a
seals in relay 96 during closed condition of cam-operated
switch 92. Contacts 665, in the circuit of relay 98, closed
when relay 66 was energized so that the azimuth steering
relay 98 is energized which closes contacts 982 (FIG. 1
and FIG. 3), %8b (FIG. 2). When contacts 98a close,
the output voltage of the azimuth attack amplifier 100
is applied across one of the windings of setting and steer-
ing servo motor 22 and causes it to rotate.

In FIG. 3 there is illustrated the circuitry by which the
speed and direction of rotation of setting and steering
motor 22, and the direction and rate of turning of the
torpedo is determined. Two position azimuth steering
switch 102 is adapated to be controlled by the acoustic
guidance system. Movable element 103 of switch 102 en-
gages either terminal 102a or terminal 1025. The pri-
mary winding 104 of transformer 166 has applied across
it 115 volt, 400 cycle A.C. from generator 33. The sec-
ondary winding 108 of transformer 166 has a center tap
199, Terminal 162¢ of switch 102 is connected to one
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end of secondary winding 108 and terminal 102b is con-
nected to the other end. Center tap 108 is connected to
one of the output terminals of induction generator 119.
The other output terminal of generator 11§ is connected
to one end of primary winding 112 of transformer 113.
The other terminal of primary winding 112 is connected
through echo ranging contacts 86a or 86b, high speed
relay contacts 1i4a or 1144 and resistors 116 and 117
to movable element 103 of switch 162. The voltage in-
duced in the secondary winding 118 of transformer 113
is applied to azimuth attack amplifier 160.

Remoiely positioned speed selection switch 128 (FIG.
2) determines the speed of the torpedo. The propulsion
means of the torpedo, which are not illustrated, is de-
signed to drive the torpedo at a high speed, or at a low
speed. If movable element 121 of switch 123 engages
terminal 120q, the torpedo will travel at a low speed
during the entire run; if element 121 engages terminal
120c, the run will be made at high speed; and if element
121 engages terminal 1205, the torpedo will travel at low
speed until the target is detected for a predetermined
period of time and then the speed will be changed to
the high speed.

The direction the torpedo is to turn is determined by
the phase of the voltage applied to amplifier 180 as de-
termined by the position of element 103 of switch 102,
and the amplitude of the applied voltage determines the
turning rate. The maximum turning rate is desired when
the torpedo is making a high speed passive attack, at
which time contacts 86a are closed, 865 open, contacts
114a are closed and contacts 114b are open. When a
low speed passive attack is made, contacts 86a are closed,
contacts 865 are open, confacts 1145 are closed and con-
tacts 114a are open. When an active acoustic attack is
made, whether at high or low speed, the lowest turning
rates are desired. This is achieved by closing contacts
865 and opening contacts 86a so that resistors 116 and
117 are in series with primary winding 112 of transformer
113.

Induction generator 110 is connected by shaft 122,
which is shown schematically as a dashed line in FIG. 3,
to setting and steering motor 22. The phase and am-
plitude of the output voltage of generator 110 are de-
termined by the direction and rate of rotation of motor
22, and is such as to oppose in amplitude and phase the
voltage being applied to the primary windings 112 of
transformer 113 from the secondary windings 198 of
transformer 186. The result is a conventional A.C.
speed control which will cause the setting and steering
motor 22 to rotate at a substantially constant speed, the
magnitude of which is determined by which of relay
contacts 86a or 865 and 114g or 114b are closed, as pre-
viously described.

The rotation of stator 28 of synchro generator 18 rela-
tive to rotor 16, which is held fixed in inertial space, in-
duces a 400 cycle A.C. error voltage in the windings of
stator 20 whose phase determines the direction in which
rudders 44 turn and whose amplitude determines the
magnitude of the deflection of rudders 44 to determine
the turning rate of the torpedo. When the torpedo is
heading substantially directly toward a target, azimuth
steering switch 102 will be continuously changing so as
to require alternately left and right steering with the re-
sult that the torpedo will follow a zig-zag course to the
target.

During a passive acoustic attack relay contacts $0a in
FIG. 2 are closed as long as the acoustic guidance sys-
tem hears, or detects, a target. Contacts 92 open at the
beginning of every one and one-fourth seconds period to
deencrgize relays 96 and open contacts 96a, 96b, 96c.
Contacts $3 which open toward the latter part of a one
and one-fourth period, close before contacts $2 open so
that relay 98 is continuously energized and relay contacts
984 are closed to permit continuous steering of the torpedo
under the control of the acoustic guidance system. Con-
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tacts 94 close at the beginning of the one and one-fourth
second period and open approximately 405 milliseconds
later so that contacts 94 are closed during part of the time
cam contacts 92 are closed. If relay contacts 90a are
closed during the period when cam contacts 92 and %4
are closed, coil 124 of stepping switch 126 will be ener-
gized. After being alternately energized and deenergized
ten times, movable element 127 of stepping switch 126
closes the circuit to energize ten-step relay 130, and mov-
able element 128 opens the circuit to coil 124. FEnergiza-
tion of relay 130 closes contacts 130a, 1385, 130c. If
speed selection switch 120 has its movable element 121
engaging terminal 162b, high speed relay 114 will be
energized when contacts 136c close so that the speed of

5 the torpedo will change from low to high.

Fin switch relay contacts 65a close when the torpedo
leaves the launching tube so that the circle search relay
63 is energized to open contacts 63a to motor 7¢ when
contacts 130b close. However, since contacts 66c are
open when the acoustic guidance system is detecting a
target, relay 98 will not be energized through contacts
66¢c.  If movable element 56 of horizontal circle switch
55 engages terminal 554 and if the acoustic guidance
system no longer detects a target, relay contacts 9%z
open and relay 96 will be deenergized when contacts 92
open. Steering relay 98 will be deenergized when cam
contacts 93 open and will open contacts 984 to open
the circuit between amplifier 160 and motor 22. Relay

contacts 884 remain closed for approximately four sec-

onds (three cam switch cycles) after the target is lost,
and then open. This prevents shifting from the attack
phase to the search phase if the target is lost momen-
tarily. When contacts 88a open, relay 66 is deenergized
and contacts 66¢ close to energize relay 98, through
closed relay contacts 130b, which closes contacts 98a
and completes the circuit between amplifier I8¢ and
setting and steering motor 22. The torpedo will then
steer in a circle, the direction of the circle being de-
termined by the position of swiich 102, and the rate of
turning being determined by the speed of the torpedo
and the manner in which the guidance system is operat-
ing. If the torpedo has detected a target for approxi-
mately thirteen seconds (ten cam switch cycles) and
then loses the target, it can be assumed that the torpedo
is relatively close to the target. A circular search course
is then the best course the torpedo can follow to iry te
relocate the target.

If the acoustic guiding switch 84 in FIG, 2 has its
movable element 85 engaging terminal 84a, echo rang-
ing relay 86 will be energized to cause the guidance
system to change from passive to active when contacts
664 close after the target has been lost for approximately
four seconds (three cam switch cycles), since comntacis
57c¢ closed when the acoustic system was enabled and
contacts 130a closed after the target had been detected
by the guidance system for ten cam switch cycles. Con-
tacts 86¢ then close to seal in relay 86. The torpedo
will circle until the guidance system picks up the target.
When a target is detected, the acoustic guidance system
through switch 102 steers the torpedo to the target.

If movable element 85 of acoustic guidance switch
84 engages terminal 84c, echo ranging relay 86 will
be energized when contacts 37c of the acoustic enabling
relay 57 are energized since contacts 664 of auxiliary
holding relay 66 are closed until the guidance system
detects a target. ’

When a torpedo is making an active acoustic attack,
contacts 98a close only during the period of time that
the reflected pulse, or echo from the target, is detected
by the guidance system. Since contacts 92 are open
only when the guidance system is transmitting a pulse
of acoustic energy, relav 96 will be energized when con-
tacts 88a close and will seal itself in until contacts $2
open, by closing relay contacts 96a. Relay 66 is also
energized when the guidance means detects a target,
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since contacts 88a close and remain closed until the
target has been lost for approximately four seconds
(three cam switch cycles), so that relay 98 is energized
through contacts 96¢ and contacts 665, to close contacts
98a. When relay 96 is deenergized by the opening of
contacts 92, relay 98 remains energized through contacts
93 and contacts 98b. As each echo from the target is
detected by the guidance system, switch 102 is positioned
“for left or right steering from information derived by
the guidance system from the reflected pulse to steer
the torpedo in azimuth toward the target.

Contacts 94 are closed for 405 milliseconds beginning
with the time the pulse of the acoustic energy is trans-
mitted by the guidance system. Contacts 965 close
when the echo from the target is received by the guid-
ance system. Since a period of 405 milliseconds is re-
quired for acoustic energy to travel to a target and
return to the torpedo if the target is substantially 1000
feet from the torpedo, stepping switch 126 will not be
pulsed during an active attack unless the target is within
1000 feet of the torpedo. If the target is detected for
ten periods within the 1000 foot range, ten step switch
126 will energize relay 130. This will change the torpedo
speed to high speed as described above if switch 120 has
element 121 engaging contact 120b. Since the guidance
system is already active, closing of contacts 130a has
no effect on the guidance system. Circle search relay
63 is energized when contacts 1305 close, and the
torpedo will go into a circle search if the target is lost
long enough to deenergize relay 66 to open contacts
66c and de-energize relay 98.

If switch 55 has movable element 56 in engagement
with terminal 55a, and if the target is picked up and
subsequently lost before relay 130 is energized, the
torpedo will return to the snaking search course since
motor 78 will be energized when contacts 66a close
since circle search relay 68 has not been energized to
open contacts 68a.

Under certain tactical situations it may be desirable
to have the torpedo attack a target above the submarine
from which the torpedo is launched. To accomplish
this, movable element 56 of switch 55 in FIG. 2 is
placed to engage terminal 555 prior to launching. Con-
tacts 65a of fin switch relay 65 close as scon as the
torpedo leaves the launching tube. Pressure switch con-
tacts 132 are closed when the torpedo is at greater than a
set depth, say 150 feet. Therefore, if the torpedo is
launched at a depth equal to or greater than say 150
feet, relay 68 is energized and seals itself in by closing
contacts 68b. Relay 98 is energized at the same time
since contacts 66¢ are closed until a target is detected by
the guidance system. Amplifier 100 is connected to
setting and steering motor 22 through closed contacts
©8a but cannot energize motor 22 until +B potential
from rectifier 134 ‘is applied to amplifier 100. This
occurs when contacts 58b (FIG. 3) close. Contacts
584, 585 of FIG. 3 can be made to close after the torpedo
has traveled as little as zero distance from the torpedo
tube by the proper setting of the variable enabler and by
means of contacts of the circle search relay 68 which per-
mit the preselected distance relay of the variable enabler to
be energized at less than the minimum enabling distance.
As soon as contacts 585 close, the torpedo will begin
to circle in a direction corresponding to the position of
azimuth steering switch 102. Acustic enabling relay 57
is energized to enable the acoustic system when pressure
switch contacts 69 close. Contacts 60 are adapted to
be closed when the torpedo is less than 150 feet below
the surface. If a target is detected, the acoustic system
will guide the torpedo to the target by action of switch
102, as described above both in the active and passive
mode of torpedo operation. Subsequent loss of the
target will cause the torpedo to return to the circle
search since relay 68 cannot be deenergized after once
being energized. Since contacts 68a in the circuit to
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the snaking search motor are open, snaking search motor
70 cannot be energized.

If the torpedo is fired from a depth of less than 150
feet, circle search relay 68 will not be energized since
pressure switch contacts 132 will be open. The torpedo
will then proceed along a straight gyroscopically con-
trolled course corresponding to the position of stator 20
of synchro control generator 16. The acoustic system
will be enabled when contacts 58a are closed after the
torpedo has traveled at least the minimum enabling
distance. The torpedo will then follow a snaking search
type of course as described above until a target is de-
tected. The action after a target has been detected will
be the same as described previously.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is, therefore, to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. In a torpedo, azimuth steering means comprising
a course gyroscope, means operatively connected to said
gyroscope for producing an electrical signal which is a
function of the direction and magnitude of the error
between the actual course of said torpedo and a pre-
selected course, means responsive to said signal to cause
said torpedo to steer to eliminate said signal, and means
for modulating said signal to cause said torpedo to oscil-
late periodically in azimuth about said preselected course,

2. In a torpedo having an acoustic guidance system,
the improvements comprising, in combination, rudders,
a rudder actuator adapted to position the rudders, gyro-
scopic means adapted to control the rudder actuator
and cause the torpedo to steer a substantially straight
preselected course in azimuth, snaking search means
adapted to control the rudder actuator to cause the
torpedo to steer an oscillating course, circle search means
adapted to comntrol the rudder actuator to cause the
torpedo to steer in a circle, means adapted to be con-
trolled by the guidance system to control the rudder
actuator to steer the torpedo to a target detected by the
guidance system, and control means adapted to cause
said gyroscopic means to control the rudder actuator
until the torpedo has traveled a predetermined distance,
adapted to cause the snaking search means and the
gyroscopic means to control said actuator to cause said
torpedo to oscillate about the preselected gyroscopic
course after said torpedo has traveled said predetermined
distance, and adapted, when the guidance system detects
a target, to cause said means controlled by said guidance
means to solely control said rudder actuator to steer
the torpedo to the target.

3. In a torpedo having an acoustic guidance system,
the improvements comprising in combination, rudders
adapted to steer said torpedo in azimuth, a rudder actuo-
ator adapted to position the rudders, gyroscopic means
adapted to control the rudder actuator to steer the
torpedo along a preselected substantially straight course,
snaking search means adapted to control the rudder
actuator to steer the torpedo so that the heading of the
torpedo in azimuth is sinusoidally varied, circle search
means adapted to control the rudder actuator to steer
the torpedo in a circle, means controlled by the acoustic
guidance system to control the rudder actuator to steer
the torpedo to a target when the guidance system detects
a target, and control means adapted to permit said
gyroscopic means to solely control the rudder actuator
until the torpedo has traveled a predetermined distance
after being launched, to permit the gyroscopic means and
the snakine search means to control the rudder actuator
to sinusoidally vary the heading of the torpedo about
the preselected course after the torpedo has traveled
said predetermined distance, adapted to permit the means
controlled by the acoustic guidance system to solely
control the rudder actuator when the guidance system
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detects a target, adapted to permit the gyroscopic means
and the smaking search means to control the rudder
actuator if the target is detected for less than a pre-
determined period of time and then lost, or to permit
the circle search means to control the rudder actuator
if the target is detected for more than said predetermined
period of time and then lost, and adapted to permit the
means controlled by the acoustic guidance system to
control the rudder actuator when the guidance system
subsequently detects the target,

4. In a torpedo having an active acoustic guidance

. systtem, azimuth steering means comprising, in combina-
tion, rudders adapted to steer said torpedo in azimuth, a
rudder actuator adapted to position the rudders, gyro-
scopic means adapted to control the rudder actuator to
steer the torpedo along a selected substantially straight
course, snaking search means adapted to control the
rudder actuator to steer the torpedo so that the heading
of the torpedo in azimuth is sinusoidally varied, circle
search means adapted to control the rudder actuator to
steer the torpedo in a circle, switch means adapted to
be controlled by the acoustic guidance system to control
the rudder actuator to steer the torpedo to a target when
the guidance system detects a target, and control means
adapted to permit said gyroscopic means to solely con-
trol the rudder actuator until the torpedo has traveled
a predetermined distance from the launching point,
adapted to permit the gyroscopic means and the snaking
search means to control the rudder actuator to sinus-
oidally vary the heading of the torpedo about the gyro-
scopically controlled course after the torpedo has
traveled said predetermined distance, adapted to permit
the switch means to solely control the rudder actuator
when the guidance system detects a target, adapted to
permit the gyroscopic means and the snaking search
means to control the rudder actuator if the target is
detected within a predetermined range for less than
a predetermined period of time and then lost, or to
permit the circle search means to control the rudder
actuator if the target is detected within said prede-
termined range for more than said predetermined period
of time and then lost, and adapted to permit the means
controlled by the acoustic guidance system to control
the rudder actuator when the guidance system again
detects the target.

5. In a torpedo having an acoustic guidance system,
the improvements comprising, in combination, rudders
adapted to steer said torpedo in azimuth, a rudder actuator
adapted to position the rudders, gyroscopic means adapted
to control the rudder actuators to steer the torpedo on a
preselected substantially straight course in azimuth, snak-
ing search means adapted to control the rudder actuator
to steer the torpedo so that the heading of the torpedo
in azimuth oscillates periodically, circle search means
adapted to control the rudder actuator to steer the torpedo
in circles, switch means adapted to be controlled by
the acoustic guidence system to control the rudder actua-
tor to steer the torpedo toward a target detected by the
guidance system, and control means adapted under a first
condition to permit said gyroscopic means to control said
rudder actuator until the torpedo has traveled a predeter-
mined distance which may be substantially zero after
having been launched, adapted to permit said circle
search means to control said rudder actuator until the
guidance system detects a target if the torpedo is launched
from below a predetermined depth, or if the torpedo is
launched from above said predetermined depth, adapted
to permit said snaking search means and said gyroscopic
means to control the rudder actuator until the guidance
means detects a target, adapted to permit said switch
means to control said rudder actuator when the guidance
system detects a target, adapted to permit said circle
search means to control said rudder actuator if the tor-
pedo was launched from a depth greater than said pre-
determined depth and if the target is subsequently lost,
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or adapted to permit said gyroscopic means and the snak-
ing search means to control the actuator if the torpedo
was launched from a depth less than said predetermined
depth, and if the guidance system has detected a target
for less than a predetermined period of time when the
target was lost, or if the guidance system has detected
a target for more than said predetermined period of time
when the target is lost, adapted to permit the circle
search means to control the rudder actuators, or in a
second condition adapted to permit said gyroscopic means
to control the rudder actuator until the torpedo has
traveled a predetermined distance, adapted to permit the
snaking search means and the gyroscopic means to con-
trol the rudder actuator until the guidance system detects
the target, adapted to permit the gyroscopic means and
the snaking search means to control the rudder actuator
if the target is lost after being detected by the guidance
system for less than a predetermined period of time, and
adapted to permit the circle search means to control the
rudder actuator if the guidance system has detected a tar-
get for more than said predetermined period of time.

6. In a torpedo having a guidance system that can be
either active or passive, and having propulsion means
that are adapted to propel the torpedo at either a high or
a low speed, the improvements comprising, in combina-
tion, rudders adapted to steer said torpedo in azimuth, a
rudder actuator adapted to position the rudders, remotely
positioned gyroscopic means adapted to control the rudder
actuator to steer the torpedo along a preselected substan-
tially straight course in azimuth, snaking search means
adapted to control the rudder actuator to steer the torpe-
do so that the heading of the torpedo in azimuth oscillates
periodically, circle search means adapted to control the
rudder actuator to steer the torpedo in a circle, switch
means controlled by the acoustic guidance system to con-
trol the rudder actuator to steer the torpedo toward a
target detected by the guidance system, means for varying
the turning rate of the torpedo responsive to the method
of operating of the guidance system and the speed of the
torpedo, and control means adapted, under a first con-
dition, to permit said gyroscopic means to control said
rudder actuator until the torpedo has traveled a prese-
lected distance, which may be substantially zero, adapted
to permit, if the torpedo is launched from below a pre-
determined depth, said circle search means to control
said rudder actuator until the guidance system detects
a target, or if the torpedo is launched from above said
predetermined depth, and adapted to permit said snaking
search means and said gyroscopic means to control the
rudder actuator after the torpedo has traveled a mini-
mum distance after being launched; said control means
adapted when the gnidance means detects a target to per-
mit said switch means to control said rudder - actuator,
adapted to permit, when the torpedo is launched from a
depth greater than said predetermined depth and if the
guidance system loses the traget, the circle search means
to control said rudder actuator, or adapted to permit,
when the torpedo is launched from a depth less than said
predetermined depth, and if the guidance system loses
the target, the gyroscopic means and the snaking search
means to control the actuator if the guidance system is
passive and has detected the target for less than a pre-
determined period of time, or if the guidance system is
active and has detected the target within a predetermined
range for less than a predetermined period of time, or
adapted to permit, when the torpedo is launched from less
than said minimum depth, and if the guidance system
loses the target, the circle search means to control said
rudder actuator if the guidance system is passive and has
detected the target for more than said predetermined
period of time; or if the guidance system is active and
has detected the target within said predetermined range
for more than said predetermined period of time, or in
a second condition, adapted to permit said gyroscopic
means to control the actuator until the torpedo has
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traveled a preselected distance after launching, adapted
to permit the snaking search means and the gyroscopic
means to control the rudder actuator after the torpedo
has traveled said preselected distance and until the guid-
ance system detects a target, adapted to permit the switch

5

means to control the rudder actuator after the guidance |

means detects a target, and adapted to permit the gyro-
scopic means and the snaking search means to control the
rudder actuator if the target is subsequently lost after
being detected, when the guidance system is passive, for
less than a predetermined period of time, or after being
detected, when the guidance system is active, for less
than said predetermined period of time within a predeter-
mined minimum ranze, or to permit the circle search
means to control the rudder actuator if the target is
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subsequently lost after being detected, when the guidance
system is passive, for more than a predetermined period
of time, or after being detected, when the guidance sys-
tem is active, for more than said predetermined period
of time within said predetermined minimum range.
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