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This invention relates to an instrument com-
monly termed a torpedo director whose function
it is to control the direction of firing of torpedoes
from warships. While large, complicated and ex-
pensive directors are known and in use on battle-
ships and destroyers, these devices would not be

. suitable for use upon the new class of small, high

speed, motor torpedo boats which have recently
been introduced. These boats operate at high

speeds and are subject to rapid deviations from’

course. Purthermore, they are built so low on
the water line that it would be impossible to esti-
mate the speed and direction of the target ship—
a condition precedent to the use of standard tor-
pedo directors. Therefore this invention operates
upon an entirely different principle, as disclosed
in the co-pending patent application of Elmer A.
Sperry, Jr., and John D. Peace, Jr., for Torpedo
director, Serial No. 347,354, filed July 25, 1940.
In this type of director it is not necessary to esti-
mate the speed and direction of the target ship,
but, instead, the firing ship is steered until it is
operating on a collision course with the target
ship. If g torpedo is released on this course and
the torpedo travels at the same speed as the firing
ship, the torpedo will collide with the target ship.
If, however, the torpedo travels faster or slower
than the firing ship, then the course of the torpedo
must be varied by an angle to cause the torpedo
to collide with the target ship sooner or later
than the collision course of the firing ship. The
utilization of this principle makes it possible to
provide a small simplified torpedo director which
will be accurate in operation at high speed in high
seas, or when zig-zagging if battle conditions so
require. As stated above, in this type of torpedo
director, when the speed of the torpedo is differ-
ent from the speed of the firing ship, the torpedo
course will differ from the collision course by
plus or minus a given angle calculated in accord-
ance with the several factors involved. In the
said Sperry and Peace patent application men-
tioned above, this correction for torpedo course
was separately calculated and then run in by
hand. It is one of the principal objects of this
invention to provide means whereby the said tor-
pedo angle correction will be automatically set in
during the normal operation of sighting the di-
rector upon the target ship.

Tn this type of torpedo director the firing ship
must be steered into a collision course, that is, a

. course which if maintained would cause the firing

ship to collide with the target ship. When such
collision course is obtained, a line of sight from
the firing ship directed on the target ship main-
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tains a constant angle with respect to a base line
on the firing ship. If this angle varies, or, con-
versely, if the line of sight when maintained at a
constant angle to its base-line moves ahead or be-
hind the target ship, then the firing ship is not
travelling a collision course and the course must
be changed as directed by the observer, The
present invention has for another of its objects
the provision of means whereby the observer may
not only direct the helmsman to change the
course of the vessel in the desired direction to the
predetermined degree, but, further, said observer
may see, without removing his eye from the line
of sight of the instrument, whether or not the
helmsman has brought the ship into the newly
designated course.

If the observer, after having placed his line of
sight on the target ship, thereafter maintains the
line of sight at a constant angle with respect to
a base-line on the firing ship and notices that
the line of sight moves rapidly ahead or behind
the target sometimes sufficiently to lose the target
from the field of observation, then the observer
desires quickly to restore his line of sight to the
target ship. If he proceeded in the manner here-
tofore employed he would be required to signal a
large change of course of the firing ship, which,
in order to bring the line of sight on the target,
would over-correct and introduce a substantial
error in the opposite direction. It is another of
the objects of this invention to provide means
whereby instead of changing the course of the
firing ship through a large angle under these cir-
cumstances, the observer can rapidly bring his
line of sight on the target ship by causing the line
of sight to assume a new angular relation with
respect to the base-line on the firing ship. This
operation also can be effected by the observer
without removing his eye from the sighting in-
strument.

Mention has been made above of the fact that
when the torpedo speed differs from the speed
of the firing ship a correction of course for the
torpedo differing from that of the firing ship
must be made. In addition to this correction, still
another correction may become necessary because
the axes of the torpedo tubes may not be parallel
to the axis of the firing ship, Under these cir-
cumstances the gyro control of the torpedo is
sometimes set so that the torpedo, after being
fired from its tube, is steered into the desired
course parallel to the axis of the ship. However, if
no such provision is made, then the angular dif-
ference between the firing ship’s course and the
torpedo course must be further corrected by the

Room
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angular displacement of the axis of the torpedo
tube with respect to the axis of the firing ship. If
is another object of this invention to provide
means whereby the necessary correction for the
displacement of the torpedo tube axis from the
axis of the firing ship will be automatically indi-
cated to the helmsman.

In the operation of this type of device the gyro
stabilized line of sight is turned until the line of
sight is placed upon the target ship. Obviously,
during this movement of the gyro and its sight in
azimuth, precession of the gyro would occur if it
were not caged or locked with respect to the mov-
ing casing. It is another object of this invention,
therefore, to provide novel caging or locking
means.

Once the line of sight is positioned on the
target ship the gyro is released and thereaafter
maintains its position fixed in azimuth regard-
less of the movements of the ship. After oper-
ation, the gyro will no longer be in the original
centralized position with respect to the ship and
it will be necessary to adjust the position of the
gyro relative to the casing. Any attempt at rotat-
ing the gyro in azimuth would cause precession
thereof unless the gyro were caged. It is g fur-
ther object of this invention, therefore, not only
to provide means for setting the gyro in azimuth
relative to the supportirg casing, but also to
provide means whereby it is impossible to change
the position of the gyro in azimuth without first
caging said gyro against precession.

The theory of operation of this invention de-
pends upon the firing ship maintaining a col-
lision course and automatically determining the
correction angle for torpedo course. Under cer-
tain conditions of speed of the firing ship or speed
of the torpedo relative to the target ship it may
be the case that an inoperative condition has
arisen whereby the torpedo cannot collide with
the target ship. It is therefore another object
of this invention to provide means whereby the
operator or observer will be given notice of the
fact that such as inoperative condition exists.

Further objects and advantages of this inven~
tion will become apparent in the following de-
tailed description thereof.

In the accompanying drawings,

Fig. 1 is an assembly partly sectioned vertically
and partly shown in isometric projection disclos-
ing the principal features of this invention.

Fig. 2 is an isometric view of the means for
effecting precession of the gyroscope.

Pig. 3 is an isometric view of the means for
caging and setting the gyro.

Fig. 4 is a diagram explaining the underlying
theory of this invention,

Fig. 5 is a diagram explaining the theory un-
derlying the operation of the torpedo angle cor-
rection mechanism.,

Fig, 6 is another diagram illustrating still an-
other theory underlying the operation of another
portion of the invention,

Referring first to Fig. 4, the theory underlying
the present invention is graphically illustrated.
Let us assume that the target ship TA is trav-
elling along a course T1T:T3 and that a firing
vessel B on which the torpedoes are carried and
on which the torpedo director is mounted is trav-
elling a course BiBe:Bs. If the target ship and
the firing ship are travelling at the proper speeds
they will collide at point C, in which case it is
said that the firing ship is travelling on a col-
lision course. If a sight instrument on the firing
ship is directed on the target ship it will make
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an angle ¢ with the line of travel of the firing
ship. If the firing ship is travelling a collision
course, then obviously at every point along this
course the sight instrument will remain trained
on the target ship because the triangles CB1T},
CB2T2, CB3Ts, ete. are all similar triangles. If,
however, the firing ship is travelling too slowly
or too fast to meet the target ship at C there
will be no collison and the firing ship will pass
behind or in front of the target ship as their
courses cross. When the sight instrument is
trained on the target ship, the observer on the
firing ship can see almost immediately whether
he is travelling on a collision course, because from
the above theory it becomes apparent that if
he ijs on the collision course the sight instru-
ment will remain trained on a fixed point on the
target ship. If he is not on the collision course,
the target ship will pass behind or in front of
the line of sight. When this occurs it is neces-
sary for the observer to change the course of the
firing ship so as to increase or decrease the
angle 6, as the case may be, or to alter the
speed of the firing ship until he reaches the con-
dition where the line of sight remains trained on
the target ship.

Having thus achieved a collision course, the fir-
ing ship is ready for the next step, which is di-
recting the ship into the torpedo course so that
when the ship is in said course the torpedoes
may be released along this course. It is apparent
that if the torpedo is designed to travel at the
same speed as the firing ship, or, conversely, if
the firing ship is purposely operated at the known
torpedo speed, then it is only necessary to dis-
charge the torpedoes which then continue on
the collision course previously determined and
will collide with the target ship in the same man-
ner as the firing ship would have collided with
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to a point C. Usually, however, the torpedo will
have a different speed from that of the firing
ship and under these conditions it will be seen
that in order for the torpedoes to effect collision
with the target ship it is necessary to turn the
boat, before the torpedoes are fired, to a different
angle from the collision course of the firing ship.
The direction of the correction to be introduced
in the course of the torpedoes depends upon
whether the torpedoes travel faster or slower
than the firing ship. If they travel faster, then
g correction angle is introduced so that the tor-
pedo may meet the target ship sooner at point
C’; whereas, if the torpedoes travel slower than
the firing ship, then the correction angle is in the
opposite direction so that the torpedo will collide
with the target ship later, as at point C’’. The
angle through which the ship must be turned
has been indicated as *£a.

Summing up the operation of this type of tor-
pedo director, therefore, it becomes apparent that
the following operations are employed:

1. The observer must place his sight on the tar-
get ship.

2. The observer must indicate to the helmsman
the changes in the course of the firing ship in
order that the line of sight shall remain fixed rela-
tive to the target ship, in other words, in order
that a collision course may be effected.

3. The helmsman must direct the ship promptly
into the collision course.

4, The observer must satisfy himself that the
indicated change in course of the firing ship has
been made,
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5. :An indication must be given to the helmsman

-of ‘the necessary change in course of the firing

ship for proper torpedo course.

6. The helmsman must turn the ship into the
torpedo course.

7. The torpedoes must be released while the
ship is on the torpedo course.

The mechanism for effecting the above se-
quence of operations is disclosed mainly in Fig. 1.
The observer has established for him a line of
sight from his eye to a reticle image 10 focused
at infinity so as to reduce parallax to a negligible
quantity. This reticle image may be obtained by
causing light rays from any suitable source, such
as a lamp Il mounted within housing 12, to send
its rays through a slit I3 in a opaque tube 14,
the said slit being positioned at the focus of a lens
15 at the other end of opaque tube (4. The
image is thrown upon an inclined screen 16 hav-
ing a partially mirrored surface 171 so that while
the reflection of the image is visible on the sur-
face of the screen, the observer nevertheless can
look through the screen and sight the target
ship at the same time. The screen 16 is carried
at the upper end of a shaft 20 fixed to a vertical
ring 21 supported for movement about a vertical
axis on bearings 22 and 23 in horizontal plates
24 and 25 respectively, forming part of a casing
26. Said casing is supported for movement
around a vertical axis on flange 27 integral with
the fixed base 30 attached to the firing ship.
Thus it will be seen that by rotating case 26 on
flange 21 the vertical ring 21 and the screen (6
may be rotated in azimuth. In order that the
screen 16 shall be stabilized in azimuth so that it
shall not be subject to the yawing movements of
the ship, there is mounted within the vertical ring
21 a horizontal ring 31 pivoted on horizontal
trunnions 32 within the vertical ring and having
supported therein for rotation on horizontal axis
33 a gyro rotor 34. The casing 26 may be rotated
around a vertical axis by means such as a knob 40
which is geared to the casing by any suitable
gearing such as the worm gearing 41, 42. A cag-
ing means (to be described hereinafter) is pro-
vided between the casing 26, vertical ring 21 and
horizontal ring 31, so that the entire gyro mecha-
nism may be locked against precession while per-
mitting relative rotation of the vertical ring with
respect to the casing.

In operation, with the rings of the gyro locked
to the casing 26, the observer turng the control
knob 40 to rotate casing 26, gyro 34, screen 16 and
slit {3 until the line of sight is on the target ship.
With the gyro there turns an index 508 carried by
a circumferential ring 51 fixed to the vertical ring
21. A cooperating index 52 is carried by a similar
ring 53 adjustably mounted on the casing 26 by
means such as a flange 54. As the knob 40 is
turned to bring the line of sight on the target
ship, the pointers 50 and 52, which were origi-
nally in coincidence when the line of sight was
in the fore and aft axis of the ship, are still in
coincidence after the line of sight has been turned
through the angle to bring it on the target ship.
At this point the observer uncages the gyro (by
means to be described hereinafter) so that it re-
mains fixed in azimuth, and notes whether the
line of sight stays fixed with respect to the target
ship. If it does, then he knows that the firing
ship is on the collision ccurse. If there is rela-
tive movement between the line of sight and the
target ship so that the line of sight advances or
falls behind the target ship, then it is necessary
to change the course of the ship in order to bring
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it to the collision course. The observer then op~
erates knob 40 to turn casing 26 and pointer 52
in one direction or the other as the case may be
to indicate to the helmsman that the ship’s course
must be changed as indicated by relative move-
ment of pointer 52 away from pointer 50. The
helmsman then changes the ship’s course until
the pointer 52 is again in coincidence with the
pointer 50. If the correction of course has been
sufficient to bring the ship into the collision
course, then the observer will note that the line
of sight remains fixed relative to some point on
the target ship and no further correction will be
necessary. If, however, there is still some move-
ment of the line of sight with respect to the tar-
get ship, then the observer again operates knob
40 to move pointer 52 in one direction or the
other to indicate a further correction to the
helmsman.

The observer could, by taking his eye away
from the line of sight and the target ship, dis-
cover whether the helmsman has complied with
his fransmitted signal to change the ship’s course
by looking at the pointers 58 and 52. This, how-
ever, would require taking his eye off the line of
sight and the target ship. In order that the ob-
server may note whether the helmsman has com-~
plied with his transmitted signal to change the
ship’s course, without removing his eye from the
line of sight and the target ship, there may be
provided in cooperative relation to the reticle
image 10 an additional pair of reticle images {0’,
{0”’ positioned normally to either side of the im-
age 10. These auxiliary images may be formed
in the same manner as image 10 by light rays
from source {1 entering slits 13’ and i13’’ posi-
tioned at the focus of g lens 15" within an
opaque cylinder 14’ which, however, is carried by
casing 26 whereas cylinder {4 is carried by the
gyro system. The images are reflected through
screen 16’ havihg partly silvered surface (7.
‘When the pointers 50 and 52 are in alignment,
the images {0’ and 10’’ are positioned symmetri-
cally to either side of the image 10. When the
observer rotates knob 40, and hence casing 26, to
move pointer 52 with respect to poinfer 50, he
also moves the two images {0 and 10’ because cyl-
inder 14’ is carried by the casing in g suitable
support to be described hereinafter, As the ship
is turned to a new course to bring pointer 52
into coincidence with pointer 50, the images 10’
and {0’’ are brought into symmetrical relation-
ship on either side of image 10, and the observer
thus knows, without removing his eye from the
line of sight and the target ship, that the firing
ship has been turned to the indicated course.
While the single line of sight has been described
as carried by the gyro and the double lines by the
casing, this arrangement may be reversed, or
both may be single lines.

When the line of sight no longer moves rela-
tive to the target ship, the observer knows that
the firing ship B is on its collision course. Trav-
elling on this course, a torpedo could be released
and would strike the target ship provided the
speed of the torpedo was the same as that of the
firing ship and that the torpedo was fired to run
along ship’s course, This, however, is usually
not the case and therefore it is necessary to turn
the ship through an angle =+a, depending upon
whether the speed of the torpedo is less than
or greater than the speed of the firing ship. Re-
ferring to the diagram in Fig, 4, the torpedo
course is indicated by the dash lines from B to
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¢’ and ¢’’. From this diagram the following
equations are obtained:

EyVro__K;Vra
sin 8~ sin (6t )

K\Vrs_  KiVg
sin ¢ ~ sin 8 @

In the above equations, K1 and Kz are constants
denoting time. Vra is the velocity of the target
ship, Vzo is the velocity of the torpedo, and Vs
the velocity of the firing ship. Equations 1
and 2 yield the following equations:

)

Vo sin(@+a)=Vps sin 8 3)
Vg sin §=Vg4 sin 8 4
Voo sin(f+ea)=Vp sin 6 5)
sin(f+ ) =—I},T[;Sin 6 (6)

From the above equations it is to be seen that
the addition or subtraction of the angle « is a
function of the velocity of the firing ship Vm
and the velocity of the torpedo Vro. Since the
angle 4 is known and the velocities of the firing
ship and torpedo are known, the angle a repre-
senting the correction of firing ship course neces-
sary to effect torpedo course can be calculated.
However, by this invention there is provided
means for automatically indicating to the helms~
man the correction angle « both as to quantity
and sign.

In order to achieve the above result, namely,
the automatic determination of the correction
angle « I provide an additional pointer 60 carried
by a circumferential ring 61, the said pointer
cooperating with pointers 50 and 52 and the said
ring being of the same diameter as rings 51 and
53. The ring 61 may be supported on the cas-
ing 26 by means of rollers 64 carried by brackets
65 on the casing 26. The ring 6{ is provided with
gear teeth 66 on its periphery with which meshes
a gear 61 carried by a shaft 68 having a gear 69
forming one of a train of gears 69 to T4 inclusive,
the said shaft 68 and the gears 671 and 69 to T4
inclusive being supported on the casing 26. Orig-
inally the pointers 50, 52 and 60 are in alignment
when the line of sight is in the fore and aft axis
of the ship and before sighting on the target ship
has begun. With the caging mechanism lock-
ing the gyro against precession, the knob 40 is
turned to bring the line of sight on the target
ship. This rotates pointers 50 and %2 which move
with the casing 26 through an angle ¢, but the

pointer 60 is moved through a different angle. ;

In other words, while the line of sight and there-
fore the pointers 50 and 52 are being moved
through the angle 6 with respect to the fore-and-
aft axis of the ship, the pointer 60 is designed
to be moved through an angle 6-r«, depending
upon the torpedo speed, the firing ship speed and
the angle . This is effected by way of the gear-
ing 66, 67, shaft 68, gearing 69 to 14 inclusive, and
a parallel motion mechanism about to be de-
scribed.

Referring to the diagram, Fig. 5, it will be seen
that if a Scotch yoke device is employed with a
yoke member 15 movable in parallel guides 16, 71
by links 78 and 19, then these links, being of dif-
ferent lengths, will subtend different angles.
Thus if the link 78 is made equal in length to a
value K1Ve (a constant multiplied by the speed
of the firing ship) it is found that there is sub-
tended an angle 6. Similarly, if another link
19 having a length representing a value KaVto
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(a, constant multiplied by the speed of the tor-
pedo) this link will subtend an angle ¢. It is,
however, apparent that the distance 80 in each
of these angles is the same and therefore we get
the equations—

Ve sin 6=Vgo sin ¢ (7)
. Ve
sin qS-——T,—T—(-) sin 6 (8)
But since
Ve . .
Vo sin f=sin () 9
therefore
sin ¢=sin (0+«) (10)
and
p=0tc (11)

In other words, if we employ a parallel motion
mechanism wherein an element 75 moves paral-
lel to a base-line 15’ and two pivoted links have
lengths which are functions of the velocity of the
firing ship and the velocity of the torpedo, and
the link representing the velocity of the firing
ship makes with the base 15’ an angle ¢, then
the link 19 representing the velocity of the tor-
pedo will make with the base 15 an angle equal
to 6 = the correction angle «. Since the line of
sight has been moved through ¢, this movement
can be transmitted to a link 18 and by causing
this link to operate a Scotch yoke member 15,
another link 79 whose length is a function of the
torpedo speed will be caused to make an angle
67a. The pointers 50 and 52 are caused to move
through the angle ¢ by the mechanism and con-
nections already described. If now, the pointer
60 is caused to move through the angle §x«, the
difference between the two will indicate the cor-
rection angle «. In other words, the pointer 60
will be displaced from the pointers 50 and 52
when the firing ship is on its collision course by
an angle equal to the correction which must be
made in the ship’s course to bring the firing ship
into the torpedo course. All that the helmsman
need do, therefore, to bring the firing ship on
its torpedo course is to turn the ship until pointer
50 coincides with pointer 68.

The Scotch yoke mechanism which is here em-~
ployed may consist of a bar 15 having slots 81 and
82 therein within which slide blocks 83 and 84
having pins 85 and 86 fixed thereto and carrying
blocks 87 and 88 at their upper ends. Said blocks
operate in slots 89 and 99 formed in yoke mem-
bers 91 and 92. The yoke 91 is fixed to a bracket
93 carried by casing 26 so that as the casing is
rotated (by knob 40, gearing 41, 42) the yoke 91
will be rotated about the vertical central axis C.L.
The link 78 is thus formed from the center line
C.L. to the center of pin 85, In order that the
arm 18 shall be a function of the firing ship speed
Vg, means are provided for positioning the block
81 within slot 89 nearer or further from the center
line C.L, a distance which is proportional to the
firing ship speed. For this purpose there may be
provided a knob (00 operating through gearing
fol, 102, shaft (03, gearing (04, {05, shaft 106
which extends through bracket 93 and through
yoke 91 and is provided with a screw-threaded
portion 107 screw-threaded through the block 81
so that as shaft {06 is rotated in one direction or
the other, block 87 is moved toward or away from
the center line C.L. to increase or decrease the
length of link 718, The shaft 103 may also be
provided with gearing 108, 109 to operate an indi-
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cator |10 calibrated in terms of firing ship speed
Vs. The yoke 15 is constrained to parallel move-
ment by means of a pair of parallel links 112, 113
pivoted at one end (14, 115 to the yoke 15 and at
the other end at 116, 117 to gears 118, 119 which
mesh with a center gear 128 so that gears 118 and
118 will rotate in the same direction and through
the same angular distances. The said gears 118,
{19, 120 are pivoted in the fixed casing 30 to pre-
vent out of parallelism of arms {12 and 113 when
said arms are swung past their dead center posi-
tions.

In order that the movement of yoke 15 trans-
mitted to it by arm 78 shall actuate an arm 19,
the block 88 is caused to rotate about a center line
C’.LY so that the distance from C’.L’ to the center
of pin 86 corresponds to the link 79 of the dia-
gram Fig. 5. In order that this arm shall be pro-
portional to torpedo speed, means are provided
whereby block 88 may be positioned in the yoke
92 a distance from the center line C’.IL’. such that
it is a function of torpedo speed. For this pur-
pose there extends through the block g screw 125
on a shaft 126 which carries a gear 27 meshing
with gears 128, 129, the last-named gear being
carried on a shaft 130 having a knob 131. Rota-
tion of knob 131 will rotate screw 125 in one di-
rection or the other to move bleck 88 toward or
away from center line C’'.I’, so that the distance
from the center line to the center line of pin 86
is proportional to the torpedo speed and there-
fore corresponds to the link 79, At the same time
that knob 131 positions block 88 in accordance
with torpedo speed, it may, by means such as
gearing 132, 133, operate an indicator 134 cali-
brated in terms of torpedo speed.

With the links 78 and 719 now set as a function
of the firing ship speed and torpedo speed respec-
tively, it will be seen that as the casing 26 is
rotated through angle ¢ to bring the line of sight
on the target ship, the movement of yoke 75
rotates link 79 through the angle ¢ by way of
block 88 yoke 92 and gear 74. The angle ¢ equals
¢9-+the torpedo firing correction «. This angle
is transmitted to pointer 69 through the gearing
14, 13, 12, 11, 19, 69, shaft 68, gears 61 and 66,
so that whereas pointers 50 and 52 have been
moved through the angle ¢, pointer 60 is moved
through the angle §+a«. Pointer 60 will thus be
offset from pointers 50 and 52 by the angle « and
therefore the helmsman need only bring pointer
50 into coincidence with pointer 60 in order to
put the firing ship on the torpedo course.

As pointed out in the introduction hereto, the
observer places his line of sight on the target ship
and notes whether the line of sight moves rela-
tive to the latter ship. If there is no movement,
then he knows that his ship is travelling a col-
lision course, but if there is movement of the line
of sight relative to the target ship, then some cor-
rection will be necessary. The rate of such move-
ment is an index to the degree of correction which
will be required. It frequently happens that the
firing ship is travelling so far off the collision
course that very shortly after the observer has
placed his line of sight on the target ship and
kefore the correction can be transmitted to the
helmsman and the helmsman in turn can change
the course of the vessel, the line of sight has com-
pletely moved off the target ship. Under these
conditions, even if the firing ship is brought into
collision course, the line of sight will still bé off
the target ship and the only way in which it can
be brought on the target ship would be to over-
correct the firing ship, in which case the latter
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ship will again not be travelling a collision course,
and after the line of sight has reached the target
ship another correction in the opposite direction
will be necessary. In other words, a large hunting
movement will be incorporated due to the fact
that the line of sight has left the target ship. In
order to avoid the necessity for such over-correc-
tion there is provided means whereby the line of
sight may be quickly restored to the target ship
while the correction is being transmitted to the
helmsman and the helmsman is effecting the nee-
essary correction. In this manner, when the ship
has been brought to the collision course, the line
of sight will be on the target ship and it will not
be necessary to over-correct in order to bring the
line of sight on the target ship and then intro-
duce another correction in the opposite direction.
For effecting such quick movement of the line of
sight on the target ship there may be provided
the precessing means shown in Fig. 2. Here it will
be seen that air is supplied under pressure from
any suitable source, such as an air pump, and
enters a main inlet {40 which communicates with
a circumferential air passage {41 which in turn
communicates with passage 142, 143 extending
through the journal of the vertical ring 21 and
thence by passage 144 in the ring frame to a
nozzle 145 which delivers the air under pressure
against the huckets {46 formed in the periphery
of the gyro rotor 34. Communicating with said
circumferential passage 141 is also a pipe line 141
leading to a valve box 148 which communicates
with the two valve passages 149 and 150. These
passages are connected to pipe lines 191 and 152
by way of valves 153 and i54 normally spring
pressed downwardly so as to shut off communica-~
tion between passages {49, 150 and pipes 151 and
152, The said valves may be provided with stems
155, 156 engaging opposite sides of a bell crank
157 pivoted at (58 so that it may be rotated in
one direction or the other by means such as a
handle {66. If the handle is operated in one di-
rection, valve 183 will be raised to allow communi-
cation between the air supply port 149 and pipe
{§1; while if the handle 160 is rotated in the
other direction it will 1ift valve 154 to allow com-
munication between supply port 150 and pipe 152.
The pipes 151 and 152 lead into ports 161 and
162 in the valve housing 139, and said ports com-
municate with circumferential ports 163, {64 in
the circumference of the vertical frame journal.
The latter peripheral ports 163 and {64 communi~

~ cate with vertical passages 165 and a similar pas-

60

70

76

sage (cut away), which vertical ports communi-
cate with pipes 166 and 167 respectively, which
lead into the upper end of cylinders {68 and 169
carried by the vertical ring. Within each of said
cylinders is g vertically operating piston (70 nor-
mally spring pressed into the cylinder by spring
{11, but when handle 160 is turned in g direction
to allow air under pressure to flow into pipe 166
or 16T the respective piston 170 is depressed to
cause it to engage a projecting pin 172, 1713 fixed
to the horizontal ring 31 on opposite sides and
equidistant from the axis 32. Whichever piston
170 engages pin 112 or pin 113, respectively, will
cause a torque to be applied around the horizon-
tal axis 32 of the gyro which will cause precession
around the vertical axis C.L. and thus carry the
line of sight quickly onto the target ship. 'This
will displace pointer 50 with respect to ship and
pointer 52, thus indicating to the helmsman a
course change in the proper direction to bring the
ship toward collision course. Thus, as soon as the
helmsman has made the correction designed to
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bring the ship into collision course, the line of
sight will be somewhere on the target ship ready
for the observer to note whether there is any rela-
tive movement between the line of sight and the
target, and it will not be necessary to over-cor-
rect and then correct again in the opposite direc-
tion.

The operation described hereinbefore of caus-
ing pointers 52 and 60 to be brought into line in
order to effect the torpedo course is correct pro-
vided the axes of the torpedo tubes are parallel
to the fore-and-aft axis of the firing ship. If, as
sometimes is the case, these tubes are positioned
at an angle with respect to the fore-and-aft axis
of the firing ship, then it will be seen that align-
ment of pointers 52 and 68 will not result in the
torpedo course. In that case, the gyro control
of the torpedo is sometimes sef so that the torpedo
after being fired from its tube is steered into the
desired course parallel to the axis of the ship.
However, if no such provision is made, then it
will be seen that in addition to the angular cor-
rection « calculated above, a further correction
equal to the angle between the fore-and-aft axis
of the firing ship and the axes of the torpedo tubes
must be introduced. This further correction will
be added to or subtracted from the position of
pointer 60, depending upon which side of the fore-
and-aft axis of the firing ship the torpedo tubes
are located. Since this angular relationship is
fixed and known, there is provided means on the
ring 61 whereby additional pointers 60’ and 60'’
are located on opposite sides of pointer 68 and
coact with a scale 6f’ on the ring 61. The said
pointers 60’ and 8§90’ may be mounted on a shaft
220 having opposite threads so that rotation of
said shaft will cause the pointers 60’ and 60’ to
move together or apart simultaneously and to the
same degree. The pointers are, of course, held
against rotation with said shaft by any suitable
means. The adjustment may be effected by
means of a small knob 221 on the shaft 220 so
that operation of said knob in one direction or
the other will move the pointers 60’ and 60’
toward or away from the pointer 60 by an angu-
lar distance which may be read on scale 61’.
Thus, if there is a 10° angle between the fore and
aft axis of the firing ship and the torpedo tube

axes, the pointers 60’ and 60’’ are moved 10° to |
The helmsman will ’

either side of pointer 60.
now maneuver the ship until pointer 52 is in
alignment, not with pointer 60, but with pointer
60’ or 60’’, depending upon which tube is to be
fired.

‘During the original movement of the line of
sight toward the target ship, the gyro is locked
against precession, for otherwise movement
ground the vertical axis would cause precession
around axis 32. The locking or caging mecha-
nism serves to maintain the gyro in its fixed re-
lation to the vertical ring until the line of sight
is on the target ship, whereupon the gyro is re-
leased and thereafter maintains the line of sight
independent of the ship’s movement. The cag-
ing and sefting mechanism which is here em-
ployed is as follows: A ring shaped bail 180 sub-
stantially enclosing the gyro and its supporting
rings is pivoted at its open ends at (8}, 82 on
brackets 183 fixed to the floor 25 of the casing
26. The bail in its upward position is adapted
to engage the ends 112, 173’ of projections (712
angd [713 fixed to the inner, horizontal gyro ring
at both ends of pivotal axis 32 and on opposite
sides thereof. When the bail engages the end
members of said pins it locks the horizontal ring
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in the horizontal plane and therefore locks the
gyro and said ring against precessional rotation
around the axis 32. The case 26 and the gyro
mechanism may now be rotated around the ver-
tical axis C.L. without causing precessional move-
ments of the gyro and its horizontal ring around
the said axis 32.

The bail 180 is normally in its raised position
for locking the gyro against precession by rea-
son of the fact that a spring 184 is connected
at one end to a pin 186 and bell crank arm 187
formed as an extension on said bail, the other
end of the spring being attached to the base of
the fixed bracket 183. The spring therefore nor-
mally tends to rock the hail around the pivot
182 in a direction to force the bail upwardly into
caging position. After the line of sight has been
placed on the target ship it is desired to release
the gyro so that thereafter the line of sight shall
not be affected by the yawing movements of the
firing ship, and therefore it becomes necessary to
release the gyro from the caging bail 180. TFor
this purpose there is provided an operating han-
dle 188 fixed to a shaft 189 pivoted for move-
ment within bearing 190 and carrying at its other
end a bell crank 191 having at its outer end a
pin 192. When the handle (88 is thrown (to the
left in Fig. 3) the pin 192 will engage underneath
the extension 187 of the bail and raise said end
to rock the bail 180 around pivot 182 in such di-
rection as to move the bail upwardly and thus
unlock the gyro. After the bell crank 181 is
swung past the central vertical position the op-
erator may release handle 188 and the mecha-
nism will remain in operated position by reason
of the fact that bell crank 181 has moved past
the center position and spring 18% will prevent
its return unless actuated by handle 188.

It has been stated hereinbefore that the in-
dices 50, 52 and 60 are normally in vertical align.
ment when the line of sight is in the fore-and-
aft axis of the ship, that is to say, in the posi-
tion which the parts occupy before the mecha-
nism is operated. After operation, the gyro
which has maintained its position fixed in a given
direction while the ship has been maneuvered to
varioUus positions, will no longer be in the rela-
tive position where index 50 carried by the gyro
will coincide with the index 52. In order that the
gyro may be actuated within the casing 26 so as
to adjust the position of the gyro relative to said
casing, setting mechanism is provided which may
take the form of a knob 200 on a shaft 201 jour-
naled in bearings 202, 203 and carrying at its
inner end a bevel gear 204 meshing with a bevel
gear 205 on the same shaft with a worm 206
which is in engagement with the worm gear 207
fixed to the vertical ring 21 and positioned sym-
metrically with respect to the center line C.L.
This rotation of knob 200 will rotate the gyro
with respect to casing 26.

Since the rotation of the gyro by knob 200
within casing 26 would cause precession of the
gyro unless the gyro mounting were caged, the
said setting mechanism is interconnected with
the caging mechanism so that the setting mecha-
nism is effective only when the caging mecha-
nism is effective. For this purpose the shaft 189
may carry a gear 210 meshing with a gear 21t
carried by a cylinder 212 which rotates on 2
sleeve 213 integral with bearing 202. The said cyl-
inder 212 is provided with cam slots 214 in which
engage studs 215 threaded into a hub 216 slideable
on a key-way 217 on the shaft 20(. The said hub
216 is provided with & forward extension 218 and
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the entire gearing 204, 205, 206 is supported in
said hub and said extension. A spring 220 nor-
mally presses the hub 216 in a direction to cause
engagement, of worm 206 with worm gear 201.

" The interconnection of the caging mechanisin
and the hand-setting mechanism is such that
when the bail is in its raised position as shown
in Fig. 3, worm 206 is in engagement with worm
201. Therefore, when the knob 200 is rotated to
rotate gear 207, the gyro is rotated around the
vertical axis C.L. but precession is not permitted
because the caging bail (88 is in its raised, effec-
tive position in engagement with pins 1727, 173",
However, when handle 188 is operated (to the left
in Fig. 3) to move the bail to inoperative posi-
tion, gear 210 rotates gear 211 and hence rotates
cylinder 212 to cause cam slots 214 to push the
pins 215 rearwardly in said slots and thus move
hub 216 and its gears 204, 205, and 206 to the left

.so that gear 206 is out of mesh with gear 207.

Therefore, as long as the bail is in its lowered posi-
tion, ineffective to cage the gyro, it is not possible
to set the gyro by turning it around its vertical
axis of support. When the handle 188 is moved
to the right to permit spring 185 to raise the bail
to effective caging position to lock the gyro against
precession, gear 210 rotates gear 211 to rotate
cylinder 212 while spring 220 pushes the hub 2i6
to the right, allowing pins 215 to move to the
right in slots 214 until worm 2086 again engages
worm gear 207. The parts are so designed that
the bail 180 will engage pins 172, 172’ or 1713, {73’
just before worm 206 engages worm wheel 207.
This will cause the gyro to start precessing and
will facilitate meshing of the worm and worm
wheel.

‘When the mechanism is assembled, the lines of
sight 10" and 10°’ should be positioned equidistant
with respect to the line of sight 18, and the point-
ers 52 and 50 should coincide when the line of
sight is in the fore-and-aft axis of the firing ship.
The assembly may be such that these four ele-
ments do not line up in the manner described, for
example, the images 10’ and 10’ may not be
symmetrically positioned with respect to the image
10. Therefore means are provided for changineg
the relationship of the images 10’ and 10’' with
respect to the image 10 by changing the position
of the cylinder 14’ which carries the slits 13’ and
13’7, with respect to the casing 26. For this pur-
pose the cylinder 14’ and its associated image pro-
ducing mechanism is carried on a plate 226 which
is supported on a plate 229 fixed to the casing 26.
and said plate 226 is connected to plate 229
through a worm gearing connection 227, 228. The
worm 228 may be provided with a slit end 231 so
that an adjusting tool may rotate said worm 228
to rotate plate 226 on plate 229 around the center
line C.L. until the images {0’ and 10’’ are brought
into symmetrical relation with respect to the
image 10.

When such adjustment of the images 10’ and
10’” with respect to image 10 has been made and
the image 10 is in the fore-and-aft axis of the
ship, the pointers 50 and 52 should coincide. ' If,
however the assembly has been such that these
pointers do not coincide, then means are pro-
vided whereby the pointer 52 may be changed
with respect to the casing 26 so that pointer 52
does coincide with pointer 58. For this purpose,
a flanged plate 233 which carries the ring §3 may
be provided with 2 slot 223 in which engages a pin
222 carried by an eccentric 224 at the lower end
of a shaft 225 supported at its other end in the
plate 226. The shaft 225 is provided with a screw
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threaded upper end 230 whereby the shaft 225
may be rotated by means of a tool engaging the
upper end and rotated to rotate eccentric 224 and
cause pin 222 to rotate ring 53 in one direction or
the other until the pointer 52 is in alignment with
pointer 50.

The casing 26’ may be provided with an index
240 cooperating with an index 241 on the base 30
so that when said indices coincide the line of sight
is in the fore-and-aft axis of the firing ship, and
the pointer 60 should be in alignment with point-
ers 52 and 50, This is true because since the line
of sight has not been turned out of the fore-and-
aft axis of the ship, the pointer 60 cannot have
any angle « introduced therein which would bring
it to any different position from that occupied by
pointers 50 and 52. By the adjustments described
above, the pointers 50 and 52 are in alignhment
when the line of sight is in the fore-and-aft axis
of the firing ship. However, if the base 30 with
its enclosed mechanism is not originally posi-
tioned so that what corresponds to the base-line
15’ in Fig. § is not exactly perpendicular to the
fore-and-aft axis, then it will be seen that pointer
60 will have an initial error when the line of sight
is in the fore-and-aft axis of the firing ship. This
becomes apparent from Fig. 6. In order that the
pointer 60 may be in alignment with the pointers
50 and 52 when the line of sight is in the fore-
and-aft axis, regardless of whether or not the
base-line 15’ is exacily athwartship, means are
provided for adjusting the position of pointer 60
with respect to the mechanism in the base 80, In
other words, there is a means for changing the
relationship between pointer 60 and the remainder
of the correction calculating mechanism in the
base 30. For this purpose the shaft 68 may consist
of two portions, 68’ and 68’’, one of said portions
carrying a block 250 in which is journaled a worm

40 251 which meshes with a worm gear 252 carried”
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by the other portion of said shaft. Thus by ro-
tating the worm 251, by means of a tool inserted
in the slit end 253 thereof, the gear 252 may be
rotated to rotate ring 61 relative to base 30 and
thus bring the pointer 60 into alignment with
pointers 50 and 52 when the line of sight is in the
fore-and-aft axis.

Referring to Equation 6 hereinbefore, it will be
noted that the correction angle « is determined by
the formula '

sin (04 «) =_VKTB; sin @

and from this equation it becomes apparent that
there is a limiting condition beyond which the
device becomes inoperative, This condition is
the one wherein sin (4+«) equals or exceeds 1,
Thus, if the firing ship speed or the torpedo speed
is insufficient, this condition will be obtained.
Another way of visualizing this condition is to
assume that the arm K:Vro in Fig. 5 is insuffi-
ciently long to bridge the distance between 75’
and 75. In other words, the arm 18 in Fig. 1 is
moved through such angle that the distance 80
exceeds the length of arm 719, in Fig. 1. Arm 19
would thus tend to stop the movement of the
bar 75 unless arm 19 in some way were made to
yield. Provision for this contingency is made by
having the block 88 formed by two relatively
movable portions, such as the dove-tailing por-
tions 85" and 8%’ such that when the pin 86
moves a distance beyond the length of arm 719, the
upper portion will remain fixed but the lower por-
tion will yield by reason of the fact that it will
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move out from under upper portion 85’ against
the action of restraining spring 260 fixed at one
end to the portion 85 and at the other end to
the yoke 92.

When such inoperative condition prevails as
described in the preceding paragraph, it is de-
sirable that the observer shall be made aware of
this condition. Obviously, this condition means
that the arm 79 has been turned through 90° with
respect to hase 75’. A warning signal is therefore
generated by this device when the rotation of
the arm 79 approaches the 90° limiting position.
While any margin of safety may be employed, the
present embodiment of the invention operates
the signal when the arm 19 is turned through 80°
with respect to the base 15’. Por this purpose the
gear 74 which is rotated by the rotation of yoke
82 is caused to mesh with a gear 255 supported
for rotation on bracket 256 fixed to the base 30
and having thereon cam blocks 257, 258 posi-
tioned corresponding to approximately 80° to
either side of the center line C’.1Y, when the arm
19 is in its zero angle displacement. When the
yoke 92 has been rotated through approximately
80°, one cam block or the other will engage 2
member 259 depending from a block 260’, also
mounted on casing 30, to lift said member 259
and close the circuit through any suitable blink-
ing mechanism which will cause the light source
il to set up a continuous blinking which will
warn the operator that the limiting position is
approaching,

The amount of light which lamp i must gen-
erate in order that the slits 13, 13’ and 13’ shall
provide a sufficiently clear image will vary with
the time of day and the amount of atmospheric
light present. Thus, at night a very small
amount of light will be sufficient and the lamp
may be turned low; while during the day, espe-
cially during sunlight hours, the maximum
amount of light should be obtained from the lamp
1, Adjustment of the amount of light corre-
sponding to the amount of light in the atmos-
phere may be made by any suitable rheostat 270
controlled from the outside of the casing by a
knob 271,

Under certain operating conditions, the fore-
and-aft axis of the ship may be traveling at an
angle to the ship’s course. This would intro-
duce an error in the indicated torpedo firing
course while the ship was traveling on a colli-
sion course by an amount equal to the angle be-
tween the ship’s keel and the ship’s course, This
yawing may be compensated for by turning worm
228 and worm gear 227 to cause case index 52
and reference collimator 18’—10’’ to be rotated
by an amount equal to the yaw. If desired, a
dial calibrated in degrees could be applied at a
point on the casing where the shaft of worm 228
enters to enable the operator to set the compen-
sation in degrees of yaw,

In accordance with the provisions of the pat-
ent statutes, we have herein described the prin-
ciple and operation of our invention, together
with the apparatus which we now consider to
represent the best embodiment thereof, but we
desire to have it understood that the apparatus
shown is only illustrative and that the invention
can be carried out by other equivalent means.
Also, while it is designed to use the various fea-
tures and elements in the combination and rela-
tions described, some of these may be altered
and others omitted without interfering with the
more general results outlined, and the invention
extends to such use.
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Having described our invention, what we claim
and desire to secure by Letters Patent is:

1. In a torpedo director adapted to be mounted
on a ship, in combination, a line of sight device
for sighting on a target, a torpedo course deter-
mining device, means whereby said second device
is actuated in accordance with the ship’s speed,
the torpedo speed, and the angle through which
the first device is actuated, and means whereby
the operation of said first device actuates said
second device,

2. In a torpedo director adapted to be mounted

. on a ship, in combination, a line of sight device
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for sighting on a target, a torpedo course de-
termining device, means whereby said second de-
vice is actuated through an angular distance
f+n in accordance with the formula:

sin (684 «) =‘—Zﬁ sin 8

where ¢ is the angle through which the first de-
vice is operated, Vs is the ship’s speed, Vro is the
torpedo speed, and « is the torpedo course cor-
rection, and means whereby operation of said
first device actuates said second device.

3. In a torpedo director adapted to be mounted
on a2 ship, in combination, a line of sight device
for sighting on a target, a torpedo course deter-
mining device, means whereby said second device
is actuated in accordance with the ship’s speed,
torpedo speed, and the angle through which the
first device is actuated, said second device com-
prising a Scotch yoke arrangement including a
member constrained to move parallel to a pre-’
determined base, links pivoted to said base and
connecting said base and said member, means
whereby the length of one of said links is made
a function of the ship’s speed, means whereby the
other of said links is made a function of the
torpedo speed, and means whereby said line of
sight controls the angular movement of said first
link to actuate said member and determine the
angular movement of said second link.

4. In a torpedo director adapted to be mounted
on a firing ship, in combination, a line of sight
device adapted to remain trained on a target
ship when the firing ship is on a collision course,
a torpedo course determining device to indicate
collision course between the torpedo and the tar-
get ship, means whereby said torpedo course de-
termining device is actuated as a function of the
ship’s speed, torpedo speed and the angle through
which said first device is actuated, said torpedo
collision course being impossible under certain
conditions of torpedo speed and angular actua-
tion of said first device, signal means, and means
whereby said signal means is actuated when said
torpedo collision course becomes impossible.

5. In a torpedo director adapted to be mounted
on a firing ship, in combination, a line of sight
device adapted to remain trained on a target
ship when the firing ship is on a collision course,
a torpedo course determining device to indicate
collision course between the torpedo and the tar-
get ship, means whereby said torpedo course de-
termining device is actuated through an angular
distance ¢+« in accordance with the formula:

sin (0:1:a)=T‘Y—Tl; sin @

where ¢ is the angle through which the first de-
vice is operated, Vs is the ship’s speed, Vo is the
torpedo speed, and « is the torpedo course cor-
rection, said torpedo collision course being impos-
sible when 6=« is equal to or exceeds 1, signal
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means, and means whereby said signal means is
actuated when 6=+« equals or exceeds 1.

6. In a torpedo director adapted to be mounted
on a firing ship having torpedo tubes offset from
the fore and aft axis of the ship, in combination,
a line of sight device adapted to remain trained
on the target ship when the firing ship is on a
collision course, a torpedo course determining de-
vice including an indicator, means whereby said
indicator is actuated in accordance with the ship’s
speed, the torpedo speed, and the angle through
which the first device is actuated, and an auxil-
jary indicator offset from said first indicator by
an amount equal to the displacement of said tor-
pedo tube from the fore-and-aft axis of the ship.

7. In a torpedo director adapted to be mounted
on a firing ship having torpedo tubes offset from
the fore and aft axis of the ship, in combination,
a line of sight device adapted to remain trained
on the target ship when the firing ship is on
a collision course, a torpedo course determining
device including an indicator, means whereby said
indicator is actuated in accordance with the ship’s
speed, the torpedo speed, and the angle through
which the first device is actuated, and an auxiliary
indicator movable with said first indicator and
means for ofisetting said auxiliary indicator from
said first indicator by an amount equal to the
displacement of said torpedo tube from the fore-
and-aft axis of the ship.

8. In a torpedo director adapted to be mounted
on 2 ship, in combination, a line of sight device,
means for stabilizing said line of sight device in
any position in azimuth in which it is placed in-
dependent of the ship’s movements, and a second
line of sight device adapted to move with the ship
and positioned in cooperative relation to said first
line of sight device so that an observer can ob-
serve along both lines of sight continuously.

9. In a torpedo director adapted to be mounted
on a ship, in combination, a line of sight device,
a second line of sight device comprising a pair
of lines of sight, and means for stabilizing one
of said devices in any position in azimuth in which
it is placed independent of the ship’s movements,
the other of said devices being adapted to move
with the ship, said pair of lines of sight being
positioned in cooperative relation with respect to
the other line of sight on either side thereof so
that an observer can observe along all of said
lines of sight continuously.

10, In a torpedo director adapted to be mount-
ed on a ship, in combination, a line of sight de-
vice, means for stabilizing said line of sight de-
vice in any position in azimuth in which it is
placed independent of the ship’s movements,
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a second line of sight device adapted to move
with the ship and positioned in cooperative rela-
tion to said first line of sight device so that an
observer can observe along both lines of sight
continuously, and means for changing the rela-
tionship of said second line of sight device with
respect to the ship.

11. In a torpedo director adapted to be mount-
ed on a ship, in combination, a line of sight de-
vice, means for stabilizing saidg line of sight de-
vice in any position in azimuth in which it is
placed independent of the ship’s movements, a
second line of sight device adapted to move with
the ship and positioned in ccoperative relation
to said first line of sight device so that an ob-
server can observe along both lines of sight con-
tinuously, mmeans for changing the relationship
of said second line of sight device with respect
to the ship, a pointer movable with said first de-
vice, a second pointer movable with said second
device, and means for changing the relation-
ship of said second pointer relative to said first
pointer without changing the relationship of
said devices.

12. In a torpedo director adapted to be mount- -~

ed on a ship, in combination, g line of sight de~
vice for sighting on a target, a torpedo course
determining device, means whereby said second
device is actuated in accordance with the ship’s
speed, the torpedo speed, and the angle through
which the first device is actuated, an indicator
for indicating torpedo course, means whereby
said torpedo course determining device actuates
said indicator, and means for changing the re-
lationship between saiq indicator and said tor-
pedo course determining device.

13. In a torpedo director adapted to be mount-
ed on a ship and having a line of sight device
adapted to be trained on a target, means for
stabilizing said device in azimuth, said means
including a gyroscope, means for mounting said
gyroscope with three degrees of freedom for piv-
otal movement about a horizontal axis and a
vertical axis, whereby said gyroscope wil] main-
tain its position in azimuth independent of the
movements of the ship, and means whereby said
gyroscope may be locked against precession, said
last named means comprising a bail movable in
azimuth with said ship and pivotally mounted
thereon, said bail substantially surrounding the
gyroscope and its mounting, and means whereby
said bail may be swuug into engagement with
said gyroscope mounting to lock the same against
pivotal movement.

ELMER A, SPERRY, Jr.
CHARLES B. ROEDE,



