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This invention relates to a device for arming a torpedo,
and, more specifically, to an arming apparatus and mech-
anism controlled thereby in which the apparatus is oper-
ated by the pressure differential existing between the nose
of the torpedo and the side of the torpedo head -as the
torpedo travels through the water.

The invention according to the broader aspects there-
of contemplates the provision of means operatively con-
nected to the arming mechanism for causing the arming
mechanism to be actuated from an initial safe position to
an armed position only in response to a force continu-
ously applied thereto for a predetermined period of time,
and in which the arming apparatus is prevented from
moving from the initial safe position to the armed po-
sition in response to a force such, for example, as the
force of inertia, applied to the arming mechanism for a
relatively short period of time. Furthermore, the arm-
ing mechanism is restored to the initial safe position at
the completion of each short period of time when the
force momentarily applied thereto is dissipated and thus
the torpedo employing the present invention is rendered
safe during the assembly, transportation and ‘launching
thereof regardless of the shocks which the torpedo may
receive. The arming arrangement of the present inven-
tion, therefore, provides means whereby there is no possi-
bility of the torpedo being fired until a pressure differ-
ential has been applied continuously thereto -for a pre-
determined period. of time in excess of the period of time
of such shocks which the torpedo may receive prior to
and during the launching thereof.

One of the objects of the present invention is to pro-
vide a new and improved arming mechanism for.a tor-
pedo which will be controlled by the pressure. differen-
tial of the surrounding water as thetorpedo travels ‘to-
ward a target.

Another object of the invention is to provide:a . differ-
ential pressure actuated arming device for:a torpedo:in
which the device is prevented from arming the torpedo
in response to shocks or sudden impulses applied thereto.

A further object of the invention is to provide ‘pres-
sure actuated arming device which will be automatically
restored to an initial or safe position when-the actuating
force is applied thereto for less than a predetermined :pe-
riod of time.

An additional object of the present invention is:to pro-
vide an apparatus and a-mechanism for arming a‘torpedo
by moving a detonator to an armed position-in ‘opera-
tive relation with an explosive charge in response 4o :a
pressure differential -applied continuously to the arming
apparatus for a predetermined period of time and in-which
the detonator is locked in the armed position.

Still other objects, advantages, and improvements will
be apparent from the following description taken in con-
nection with the accompanying drawings, in which:

Fig. 1 is a side elevation view of the war head of .a
torpedo, the casing being partially broken  away to:show
the arming apparatus and mechanism- and the :forward
and side fluid pressure connections;
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Fig. 2 is a top plan view of the arming apparatus and
mechanism;

Fig. 3 is an end elevation view of the arming apparatus
and mechanism looking toward the right in Fig. 2;

Fig. 4 is a side elevation view of the arming appara-
tus and mechanism;

Fig. 5 is a sectional view taken substantially along the
line 5—5 of Fig. 3 showing the fluid pressure respon-
sive device in the initial safe position;

‘Fig. -6 is a sectional view taken on the line 6—6 of
Fig. 2 showing the mechanism for operating the escape-
ment;

Fig. 7 is a view similar to Fig. 5 but showing the fluid
pressure responsive device filled with water and in the
armed position; and,

-Fig. 8 is a detail view showing the detent for locking
in the armed position ‘the plunger which carries the
detonator.

‘Referring -in particular to Fig. 1 of the drawings on
which like numerals of reference are employed to desig-
nate like ‘parts on the several views, the reference nu-
meral 10 designates the shell of the war head of a tor-
pedo. This shell is attached to the base &1 which is
of the same diameter-as the shell and contains the propul-
sive means, the particular propulsive means forming no
part of the present invention. The shell 18 has the con-
ventional ring 12 in its nose to facilitate handling. The
particular attachment means for securing shell 18 of the
war head and the base 11 of the torpedo together is
likewise no part of the present invention. As shown, this
attachment means -comprises a cylindrical ring 13 having
a rim 14, and an annular flange 15 of reduced diam-
eter, and an inwardly extending radial flange 16. A sec-
ond cylindrical ring 17 -is mounted inside the base 11, the
outer edges of the base and the ring being flush. The
ring 17 is ‘machined on its outer and inner peripheries
so as to have a force fit-within the base 11 and over the
flange 15 ‘on ‘the ring 13 and the rim 14 of the latter
is likewise machined to have a force fit within the shell
19 of ‘the war -head. Tt will be obvious that the ring
13 can be secured in the shell 10 and the ring 17 with-
in the base 11 by brazing, soldering, welding, or the like.
An outwardly depressed bowl shaped crown sheet 18 is
secured across'the circular ‘aperture formed through the
inwardly ‘extending radial flange 16 of the ring 13 and
is secured to this flange by arcuately spaced bolts 19.
The bolts 19 extend through the flange 16, the periphery
of the crown sheet 18 -and a flat retaining ring 2¢ which
serves to equalize the stress on the crown sheet.

The usual main explosive charge 21 substantially fills
the interior of the shell 18 of the war head. Adjacent
the rear ‘portion of the body of the charge 21 cross
members 24—24 and 25--25 extend chordally of the
shell 10 of the war head. The members 24——24 support

5 a well casing 26 which has a flanged rim 27, substantial-

ly flush with the base of the charge 21, and an insert
bottom 32. A -cover 28 is secured to the well casing
by machine screws 29 which extend through suitable
registering holes in the periphery of the cover and the
rim 27 of the well casing. Approximately one third of
the depth of the well casing there is formed on the inner
wall of same a circumferential shoulder 38. To this
shoulder - there is attached by suitable machine screws
31 the main and auxiliary rear plate members 49 and
51, respectively, of the fluid pressure responsive appara-
tus and arming mechanism, to be later described. A sec-
ond and auxiliary well casing 33 is attached to and extends
through an eccentric hole in the bottom 32 of the main
well casing 26 and is supported by the second pair of
cross members 25—25. This auxiliary well casing con-
tains the booster charge 22 into which a detonator 23

N



3

2,058,279

is adapted to be inserted by the plunger 58, as described
hereinafter.

Considered generally, the fluid pressure responsive
apparatus and arming mechanism comprises a bed plate
47, positioned vertically as shown in Fig. 1, and four up-
right plate members, the fluid pressure responsive device
55-—87 being mounted between a first pair of these plate
members, the main front and rear plate members 48 and
49, and the detonator plunger 58 being slideably mounted
in -parallel relationship in the second pair, the auxiliary
rear and intermediate plate members 51 and 58, respec-
tively. The main rear plate member 49 and the auxiliary
rear plate member 51 are secured in any suitable manner,
as by screws 52, to the rear edge of the vertical bed plate
member 47 in the same vertical plane but spaced -apart
in that plane (Figs. 2, 5, and 7), the main front plate
member 48 is secured to the front edge of the bed plate
member 47, also by screws 52, in parallel relationship to
the main rear plate member 49, and the auxiliary inter-
mediate plate member 5§ is secured to the bed plate
member 47, likewise by screws 52, in parallel spaced re-
lationship to the auxiliary rear plate member 49 and
spaced therefrom a distance slightly more than half the
length of the bed plate member 47 (Figs. 2, 4, 5, and 7).

Aligned centrally with the auxiliary rear plate member
51 and the auxiliary intermediate plate member 56, and
secured to the front edge of the bed plate member 47
in the same vertical plane with the main front plate mem-
ber 48, there is a guide member 53 which is secured to
the bed plate member 47 by screws 54 (Fig. 4). The
plunger 58, which carries the detonator 23, is journalled
for reciprocative movement in aligned holes in the auxil-
iary rear plate member 51, the auxiliary intermediate
plate member 59, and the guide member 53. Interme-
diate the main front plate member 48 and the main rear
plate member 49 there is positioned the two part pressure
responsive bellows $5—57 which is secured at one end
to the main front plate member 48 and at the other end
to the main rear plate member 48 by brazing, soldering,
welding, and the like. The pressure responsive bellows
5557 transmits motion to the plunger 58 by suitable
mechanism, to be later described. Adjacent their upper
edges the main front plate member 48 and the main rear
plate member 49 are secured together by spaced parallel
tie rods 59, each rod having threaded ends with nuts 60
on either side of each plate. For securing the entire sup-
porting plate structure to the well casing 26, the main
rear plate member 49 and the auxiliary rear plate mem-
ber 51 are provided with holes 61 (Fig. 3) through which
the screws 31 pass to secure these plate members fo the
circumferential shoulder 3¢ on the inner wall of the well
casing 26, as previously described.

A conduit 35 is connected through the main rear plate
member 49 by a suitable pipe fitting 34 to the rear sec-
tion 55 of the fluid pressure responsive bellows 55—57
and extends through the side wall of the well casing 26
by a suitable pipe coupling 36; this conduit continues as
section 37 to the nose end of the torpedo shell. The
coupling 36 is of the flange and nut type and performs
the dual function of securing the conduit sections 35 and
37 in fluidtight relationship and of rigidly attaching the
joint thus formed between these sections to the side wall
of the well casing 26. The conduit section 37 at its for-
ward end is secured by a suitable pipe fitting 34 to a
horn-shaped element 38, which in turn is secured to the
inner wall of the torpedo shell 1§ by brazing, soldering,
welding, and the like, and the mouth of which overlies
an aperture in the wall of the shell. The base of the
horn-shaped element 38 is obliquely disposed with respect
to the tube to allow for curvature of the wall of the shell
10. Aan insert 39 is secured in the aperture in the wall
of the shell and this insert carries a screen element 40
which prevents the entry of solid matter into the conduit
37.

A second conduit 42 is connected through the main
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front plate member 48 by a suitable pipe fitting 34 to the
front section 57 of the pressure responsive bellows 55—57
and extends through the bottom 32 of the well casing
26 by a suitable pipe coupling 36; this conduit continues
as section 43 to a suitable aperture in the wall of the
shell 10, located near the rear end of the torpedo head.
Likewise, this conduit terminates in a horn-shaped ele-
ment 41, to which it is connected by a suitable pipe fit-
ting 34, the mouth of the horn-shaped element overlying
the aperture in the wall of the torpedo shell. The horn-
shaped element 41 differs from the previously described
horn-shaped element 38 only in that the mouth and the

- tube are here concentric, the oblique disposition of the
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mouth with respect to the tube of the horn-shaped ele-
ment 38 being here unnecessary. Likewise an insert 39
is mounted in the aperture in the wall of the torpedo shell
10 and this insert likewise carries a screen element 40.

‘A conduit 45 extends through the side wall of the well
casing 26 near the bottom 32 thereof to a suitable com-
partment (not shown) in the forward portion of the war
head. This compartment contains a source of electro-
motive force, such as a battery, and a magnetically re-
sponsive circuit making apparatus. The source of elec-
tromotive force and the magnetically responsive circuit
making apparatus are conventional in magnetic mines
and, forming no part of ‘the present invention, they are
not here illustrated or further described. Wires 46 ex-
tend through the conduit 45 and connect the detonator
23 to the source of electromotive force and the magnet-
ically responsive circuit making apparatus.

Referring now to Figs. 2 to 7, inclusive, these figures
show the mechanism by which the fluid pressure differen-
tial between the nose and the rear portion of the torpedo
head is translated into reciprocative motion of the plunger
58 which carries the detonator 23. The pressure re-
sponsive bellows sections 55 and 57 are each attached
at their inner ends to the intermediate plate member 56
as by brazing, soldering, welding, and the like. The
intermediate plate member 56 is mounted for reciproca-
tive movement with respect to the bed plate 47 and its
upper corners are cut away as at 62 (Fig. 2) to provide
clearance for the tie rods 59. Positioned at approxi-
mately the axis of the pressure responsive bellows sec-
tions 55 and 57 and about half way between the bed
plate 47 and the tie rods 59 (Figs. 3 and 4), and mounted
in parallel relationship to the tie rods, there is a pair of
parallel guide rods 63. These rods extend through suit-
able holes in the intermediate plate member 56 in tight
relationship which joints are further secured by a pair
of screws 64 mounted in threaded cross holes in the said
intermediate plate member.

The guide rods 63 also extend loosely through suit-
able holes in the main front and rear plate members 48
and 49, respectively, and have nuts 65 on each outer
end. Around each of the inner guide rods 63 there are
mounted a sleeve member 66 and a spring 67, the former
abutting at its outer end the main front plate member
48 and the latter abutting at its outer end the intermedi-
ate plate member 56 and the two abutting each other at
their inner ends. The function of the springs 67 is to
bias the pressure responsive bellows sections 55 and 57 to
the initial normal position of Fig. 5 beyond which posi-
tion they cannot be moved by further expansion of the
springs as the nuts 65 on the guide rods 63 abut the main
front plate member 48 and function as a stop means.
The springs 67 also restore the bellows to the initial nor-
mal or unarmed position in the event that the bellows
has been moved therefrom by a force applied thereto
for less than a predetermined period of time, as the force
is removed. The pressure differential within the bellows
sections 55 and 57 resulting from movement of the
torpedo through the water causes the springs 67 to be
compressed and the detonator plunger 58 to be moved
toward the armed position.

On the rear ends of the guide rods 63 duplicate nufs
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6565 are mounted in pairs, spaced -apart and in face-
to-face relationship. Between the pairs of nuts 65—65
on both of the guide rods there is gripped a cross head
68 which extends inwardly and terminates in alignment
with the space between the vertically aligned main rear
plate member 49 and the auxiliary rear plate member
51. Adjacent its inner end the cross head 68 is provided
with a hole through which loosely extends one section
62 of a two Dpart plunger 69—71. The plunger 69—71
is mounted in parallel relationship to the plunger 58,
which carries the detonator 23, the section 71 of the
first mentioned. plunger being loosely journalled for slid-
ing movement in a suitable hole in the auxiliary inter-
mediate plate member 50. The plunger section 69 is
threaded on both ends and the plunger section 71 on its
inner end. Mounted intermediate the plunger sections
69 and 71 there is a rectangular bar 78 (Fig. 2) having
threaded borés in both ends into which the inner ends
of the plunger sections 69 and 71 are respectively
secured; lock nuts 73 make fast the joints in well known
manner. On the outer end of the plunger section 69
there are mounted nuts 75—75 in well known lock nut
relationship. Intermediate the lock nut 73 on the inner
end of the plunger section 69 and the cross head 68
there is positioned a spring 74, surrounding the plunger
section. The spring 74 and the nuts 73 and 75 on either
end of the plunger section 69 cooperate with the cross
head 68 to form a lost motion connection between the
latter and the plunger.

The driving connection between the plunger 63—71
and the detonator plunger 58 is as folows: The rec-
tangular bar 7¢ is formed with an elongated slot 72
which extends lengthwise of the bar from the middle
towards either end for approximately one quarter of the
length of the bar. In this slot there is mounted a spur
pinion 76 which is journalled on a pin 77 extending
cross-wise Of -the slot. Mounted on opposite sides of the
detonator plunger 58 in portions suitably flattened, as by
milling, are two identical rack members 78 and 80, these
members being secured to the plunger 58 by suitable
screws 79. The first rack member 78 is in engagement
with the pinion 76 carried by the rectangular bar 7¢ and
the second rack member 80 is in engagement with the
spur- gear 94 of the escapement mechanism, to be later
described.

Two parallel plate members 81 and 82 are mounted,
one above and one below, the plunger 58 in:parallel rela-
tionship ‘with the bed plate member 47, and extend be-
tween the auxiliary intermediate plate member 50 and
the auxiliary rear plate member 51, being secured to
these latter plate members by suitable screws 8§3. On one
inner corner, adjacent the auxiliary rear plate member
51, and extending for about one third of their:lengths,
the plate members 81 and 82 are cut away-at 84 (Fig.
2), the width across the cut-away section being:reduced
to that of the auxiliary rear plate member 51 (Figs. 2,
5, and 7). The cut-away section in the upper plate
‘member 81 provides space for the oscillation of the
pendulum 116 of the escapement mechanism, to be later
described; no similar function exists for the cut-away
'section in the lower plate member 82 but the making of
the two plate members of identical shape assists in kold-
ing down production costs.

As shown in Fig. 6, the upper and lower plate menibers
81 and 82 are formed with matched channel sections 85-—
86 and 87—88, and at their inner edges terminate in in-
wardly extending side flanges 89 and 99, respectively. The
channel section 85—86 provides clearance for the rack

‘members 78 and 80 on the detonrator plunger 58 and the
channel section 87—=88 provides clearance for the rec-
tangular bar 70 intermediate the plunger sections 69 and
71. Along the inner edges of the section of the ‘plate
membérs 81 and 83 which are not -¢ut away, and for
about one half of the length of same, the ‘plate’ members
$1-and ‘82 -are lapped by a side plate’ member: 1, which
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is secured to the plate members 81 and 82 by suitable
screws 92. On the inner face of the plate member 91
there is mounted a rack member 93, this rack member
being secured to the plate member bvy suitable screws 92
(Fig. 6), and being positioned between and abutting on
either side 'the inwardly extending side flanges 89 and
96 on the upper and lower plate members 81 and 82,
respectively. The rack member 93 is likewise in en-
gagement with the spur pinion 76 carried by the rec-
tangular bar 70. By the principle of instantaneous
centers, it will be seen that any motion of the plunger
69—70—71 in the forward direction (toward the main
front plate member 48) will be translated by the gear-
ing 93—76—78 into reciprocation of the detonator
plunger 58 in the same direction but of double the travel.

Referring now to Fig. 6, it will be seen that the escape-
ment mechanism is connected to the detonator plunger
58 by a spur gear 94 which is in mesh with the rack
member 80 on the detonator plunger and which is
mounted on a shaft 96, this shaft being journalled in the
lower plate member 82 and the upper plate member
81 and extending through the latter plate member. The
spur gear 94 is secured to the shaft 96 by a pin 95 and
a ratchet gear 99 is likewise secured to this shaft at its
upper end by a pin 98. Intermediate the ratchet gear 9%
and the top face of the upper plate member 81 a second
spur gear 97 is freely mounted on the shaft 96. As
shown in Fig. 2, two clicks 161—191 are pivoted on the
upper face of the spur gear 97 by a pair of diametrically
disposed pins 160—100. These clicks are arranged to
engage the ratchet gear 29 and are biased into engage-
ment therewith by springs 103—103, each of which at
one end is coiled around one of the second pair of di-
ametrically disposed pins 182—102 and at the other end
is attached to one of the clicks 101—101.

As previously stated, any forward motion of the plunger
69—70—71 (toward the main rear plate member 48)
will be translated by the gearing 93—76—78 into motion
in the same direction but of double the travel of the
detonator plunger 58. Such motion of the plunger 58,
and the rack member 80 attached thereto, will rotate the
spur gear 94 and the ratchet gear 99 in a clockwise direc-
tion (Fig. 2) and this motion will be transmitted to the
spur-gear 97 by the clicks 181—181. Movement of the
plunger 69—70—71 and of the detonator plunger 58
in ‘the -backward direction (toward the main rear plate
member 48) will not, however, be transmitted by the rack
member -89, the spur gear 94, and the ratchet gear 99
to ‘the spur -gear 97 as the clicks 101—101 ‘will merely
ride over the teéth of the ratchet gear 99 when the latter
is rotated in the counterclockwise direction.

A bearing :plate member 104 is mounted on the top
face "of the upper plate member 81 by suitable screws
195 at one corner of the cut away section 84 of this
plate member and abutting at one edge the auxiliary rear
plate member 51. Attached to the top edge of this main
rear -plate member by suitable screws 107 there is a
second plate member 106 which partially overlies the
bearing plate member 104 (Fig. 2) and partially over-
hangs same. A shaft 188 is journalled in the upper plate
member 81 and in the overhanging portion of the plate
member 106. The shaft 108 has attached thereto a spur
gear 109, which is in mesh with the gear 97 freely carried
by the shaft 96, and above the spur gear 109 (Fig. 4)
there is an escape wheel 110, also attached to this shaft.
Mounted in parallel relationship to the shaft 108 there
is a-second shaft 111 which is journalled in the bearing
plate member 104 and the overlying portion of the plate
member 106 and this shaft has affixed thereto a two
pronged escapement fork 112 which is arranged to have
either fork in engagement with the escape wheel 118.
The shaft 111 has fixed thereon a hub 113 in which is
radially mounted the stem 114 of a pendulum 116. The

-stem ‘114 is 'screw threaded on both ends for attachment

to the ‘hub -113 and the pendulum 116, respectively, a
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lock nut 115 being employed to make the latter joint
secure.

In order to lock the detonator plunger 58 in its most
advanced or armed position, a detent device is provided
as shown in Fig. 8. This detent device comprises a pin
117 mounted in a suitable hole in the auxiliary inter-
mediate plate member 50, this hole being diametricaily
disposed with respect to and intersecting the hole in this
plate member through which the detonator plunger 58
extends. The pin 117 is biased downwardly by a spring
118 which is secured to the auxiliary intermediate plate
member 50 as by a screw 119. The detonator plunger
58 has a slot 126 (Figs. 5 and 7) into which the pin 117
is adapted to seat and thereby lock the plunger.

It is believed that the operation of the fluid pressure
actuated arming apparatus and mechanism will be ob-
vious from the preceding description of the structure and
parts. The conduit 37—35 is connected to the exterior
of the torpedo shell 18 at the nose which is a region of
high pressure and this conduit communicates with the
rear section 85 of the pressure responsive device; the con-
duit 42—43 is connected through the side wall of the
torpedo shell near the rear end of the head of the latfer
which is a region of low pressure. It has been found
that in the case of a torpedo moving through the water
at a velocity of about thirty knots, the pressure differen-
tial between the nose and the side wall of the torpedo
will be about twenty-five pounds per square inch. As
the torpedo is moved through the water by the propulsive
means in the base 1%, water under pressure enters the
conduit 37-—35 and through this conduit the rear section
55 of the pressure responsive device. Water will like-
wise enter the conduit 43—42 and through this conduit
the front section 57 of the pressure responsive device but
at a less pressure than the water entering the rear sec-
tion. The pressure responsive device and connected
parts will be moved from the normal position of Fig. 5
to the armed position of Fig. 7, the rate of such move-
ment being controlled by the aforesaid escapement
mechanism.

The actuating force applied to the intermediate plate
member 56, which is a partition between the fluid sec-
tions 55 and 57, is proportioned to the pressure differen-
tial between these two sections, which is a function of
the velocity of the torpedo through the water, and the
modulus of elasticity of the spring 67. The force that
this plate member transmits to the connected parts is
determined by the foregoing factors in addition to the
diameter of the fluid sections 55 and 57. As the inter-
mediate plate member 56 moves forwardly from the posi-
tion of Fig. 5 to that of Fig. 7, the guide rods 63 and
cross head 68 are carried along against the compressive
force of the spring 67, as also is the plunger 69—71 and
the intermediate bar 7@ carried by this plunger. The
pinion 76 mounted in the intermediate bar 70 coacts
with the fixed rack member 93 and also with the rack
member 78 on the detonator plunger 58 and drives the
latter forward to twice the degree of movement of the
plunger 69—71. When the detonator plunger 58 reaches
its fully advanced or armed position at the completion
of a predetermined period of time, the detonator 23 will
be inserted within the booster charge 22 in operative rela-
tion therewith and the detent pin 127 will become seated
in the slot 120 in the detonator plunger thereby locking
the detonator plunger in this position.

The escapement mechanism designated by the refer-
ence numerals 94-116, inclusive, functions to permit the
return of the detonator plunger 58 to the initial normal
position in the event that the fluid pressure respomnsive
device is brought to rest within a predetermined period
of time and before the torpedo has been fully armed,
prevents premature arming of the torpedo due to accel-
eration on launching, and eliminates surges in the forward
movement of the detonator plunger 58. If the fluid pres-
sure differential between the sections 55 and 57 of the
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bellows diminishes within the aforesaid predetermined
period of time due to any cause whatever, the spring 67
will return the auxiliary intermediate plate member 56
to the normal unarmed position of Fig. 5. As previously
stated, the gear 97 moves in clockwise direction (Fig.
2) upon forward movement of the detonator plunger 58,
which, of course, results in the gear 109 and the escape-
ment wheel 110 rotating in the counterclockwise direc-
tion. During the movement of the intermediate plate
member 56 to the initial position under the action of the
spring 67, the detonator plunger 58 is likewise moved
backward through the connecting mechanism to an initial
unarmed position. The ratchet gear 99 moves corre-
spondingly in the counterclockwise direction but the fork
112 and escapement wheel 110 are arranged to lock the
escapement mechanism including the gears 108 and 97
against reverse rotation, the clicks 101—101 on the gear
97 riding over the teeth of the ratchet gear 99.

In launching torpedos from underwater vessels, the
initial acceleration of the torpedo through the torpedo
tube would, of course, produce a very large pressure in
the section 55 of the pressure responsive device. The
setback force applied to the pendulum 116, however,
while the torpedo is being accelerated through the torpedo
tube causes the escape wheel 116 to be locked until the
force of acceleration has been dissipated and the escape-
ment mechanism thus prevents movement of the detonator
23 from the initial unarmed position until substantial ter-
minal velocity of the torpedo through the water has been
attained. In the event that the torpedo should become
stuck within the torpedo tube during a launching opera-
tion, the pressures in the fluid sections 55 and 57 of the
fluid pressure responsive device will be equalized shortly
after the forward motion of the torpedo ceases and the
torpedo remains unarmed.

In the case of surface vessels, where the torpedoes are
launched from tubes some distance above the water line
of the vessel, there would, of course, be a very large pres-
sure differential developed in the section 55 of the fiuid
pressure responsive device upon the torpedo striking the
water. This large pressure differential would also be
developed if the torpedo should be travelling through
rough water and pass from the trough of a wave into the
wall of another wave. However, when this occurs, the
set forward force applied to the pendulum 116 momentar-
ily locks the escapement mechanism thereby preventing
premature arming of the torpedo and, as heretofore set
forth, the escapement mechanism 94— 116 limits the
rate at which the detonator plunger can be driven for-
ward, the lost motion connection comprised by the lock
nut 73, spring 74, and the lock nuts 75 between the cross
head 68 and the plunger 6971 permitting relative mo-
tion of the cross head with respect to the plunger 69—71,
the latter being limited to one half the distance of the
movement of the detonator plunger 58 due to the inter-
connecting gearing 76—93—78.

As the torpedo moves through the water toward its
target the fluid pressure responsive device 55-—57 and con-
nected parts will be moved from the position of Fig. 5
to that of Fig. 7 at the completion of a predetermined
period of time controlled by the escapement mechanism,
and the detonator plunger 58 will be moved by the con-
necting and driving mechanism to the position also shown
in Fig. 7, wherein the slot 120 in this plunger is within
the hole in the auxiliary intermediate plate member 50
through which the plunger extends. In this position of
the plunger the detent pin 117 will be seated in the slot
120 by the spring 118 and the plunger will be locked
against further forward or backward movement. If while
the torpedo s still short of its target and within the afore-
said predetermined period of time, the pressure inside
the section 55 of the fluid pressure responsive device
55—57 should diminish, due for instance, to deceleration
of the propulsive mechanism for any reason, the pressure
responsive device would tend to reassume the position of
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Fig. 5 and, the plungér 58 being locked afid the escape
wheel 118, the gear 109, and gear 97 being incapable of
reverse rotation, the resultant backward movement of the
plunger 69—71 would be permitted by the clicks 161—101
on the gear 97 running over the teeth of the ratchet gear
99 without causing the detonator plunger 58 to be moved
from its armed position.

While there is shown and described herein a certain
preferred embodiment of the invention, many other and
varied forms and uses will present themselves to those
versed in the art without departing from the spirit of the
invention, and the invention, therefore, is not limited
either in structure or in use except as indicated by the
terms and scope of the appended claims.

The invention herein described and claimed may be
manufactured and used by or for the Government of the
United States of America for governmental purposes with-
out the payment of any royalties thereon or therefor.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. In a torpedo, a booster charge, a detonator adapted
to be moved into operative relationship with the booster
charge, differential fluid pressure responsive means for
moving the detonator, and a pair of fluid connections for
applying said differential pressure from the surrounding
water to the fluid pressure responsive means and respec-
tively extending therefrom to the forward portion and
to the side portion of the torpedo.

2. In atorpedo, a booster charge, a detonator adapted
to be moved into operative relationship with the booster
charge, differential fluid pressure responsive means for
moving the detonator, a fluid connection extending from
the fluid ‘pressure responsive means to the surrounding
water at the forward portion of the torpedo, and a second
fluid connection extending from the fluid pressure re-
sponsive means to the surrounding water at a point re-
mote from the forward portion of the torpedo, said fluid
connections being effective to apply said differential pres-
sure to said pressure responsive means.

3. In a torpedo, a booster charge, means carrying a det-
onator adapted to be moved into operative relationship
with the booster charge, differential fluid pressure re-
sponsive means for operating the detonator carrying
means, a pair of ducts in communication with the sur-
rounding water and sealed to the wall of the torpedo at
two points corresponding to two points of different dy-
namic pressure thereon for applying differential pres-
sure to the pressure responsive means, and a lost motion
connection. and a motion multiplying means for trans-
mitting motion from the fluid pressure responsive means
to the detonator carrying means.

4.In a torpedo, a booster charge, means carrying a
detonator adapted to be moved into operative relationship
with the booster charge, fluid pressure responsive means
for operating the detonator carrying means, driving con-
nections between the fluid pressure responsive means and
the detonator carrying means, and an escapement mecha-
nism connected to the detonator carrying means, said
escapement mechanism limiting the drive of the detonator
carrying means by the fluid pressure responsive means to
one direction into operative relationship with the booster
charge and limiting the rate of travel of the detonator
carrying means in said direction.

5. In a torpedo, a booster charge, means carrying a
detonator adapted to be moved into operative relationship
with the booster charge, fluid pressure responsive means
for operating the detonator carrying means, a lost mo-
tion connection for transmitting motion from the fluid
pressure responsive means to the detonator carrying
means, and an escapement mechanism connected to the
detonator carrying means for timing the movement there-
of.

6. In a torpedo, a booster charge, means carrying a
detonator adapted to be moved into operative relationship
with the booster charge, fluid pressure responsive means
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10
for operating the detonator carrying means, motion mulii-
plying means for transmitting motion from the fluid pres-
sure responsive means to the detonator carrying means,
and an escapement mechanism connected to the detonator
carrying means,

7. In a torpedo, a booster charge, means carrying a
detonator adapted to be moved into operative relation-
ship with the booster charge, fluid pressure responsive
means for operating the detonator carrying means, a
lost motion connection and a motion multiplying means
for transmitting motion from the fluid pressure respon-
sive means to the detonator carrying means, and an
escapement mechanism connected to the detonator carry-
ing means.

8. In a torpedo, a booster charge, means carrying a
detonator adapted to be moved into operative relation-
ship with the booster charge, differential fluid pressure
responsive means operatively connected to the detonator
carrying means for moving said detonator into opera-
tive relationship with respect to the booster charge in
response to a predetermined difference in pressure applied
thereto, a pair of ducts in communication with the sur-
rounding water for applying said differential fluid pres-
sure to the pressure responsive means, and means for lock-
ing the detonator carrying means in advanced position
with the detonator in operative relationship with the
booster charge.

9. In a torpedo, a booster charge, means carrying a
detonator adapted to be moved into operative relationship
with the booster charge, fluid pressure responsive means
operatively connected to the detonator carrying means,
an escapement mechanism connected to the detonator
carrying means, and means for locking the detonator
carrying means in advanced position with the detonator
in operative relationship with the booster charge.

10. In a torpedo, expansible fluid pressure responsive
means for arming the torpedo, said fluid pressure respon-
sive means being expansible in the direction of the axis
of the torpedo, a booster charge, a detonator, means
carrying the detonator operatively connected to the fluid
pressure résponsive means and adapted to move the de-
tonator into operative relationship with the booster charge,
an escapement mechanism connected to the detonator
carrying means, said escapement mechanism comprising
an escape wheel, a pendulum osciliatory in a plane paral-
lel to the axis of the torpedo, and a double pronged
fork carried by the pendulum, the prongs being alter-
natively engaged with the escape wheel, one prong of
said fork locking the escape wheel upon sudden forward
surge of the fluid pressure responsive means.

11. In a torpedo, expansible fluid pressure responsive
means for arming the torpedo, said fluid pressure respon-
sive means being expansible in the direction of the axis
of the torpedo, a booster charge, a detonator, means
carrying the detonator operatively connected to the fluid
pressure responsive means and adapted to move the de-
tonator into operative relationship with the booster charge,
an escapement mechanism connected to the detonator
carrying means, said escapement mechanism comprising
an escape wheel, a pendulum oscillatory in a plane paral-
Iel to the axis of the torpedo, and a double pronged
fork carried by the pendulum, the prongs being alter-
natively engaged with the escape wheel, one prong of
said fork locking the escape wheel upon setback move-
ment of the pressure responsive means.

12. In a torpedo, expansible fluid pressure responsive
means for arming the torpedo, said fluid pressure respon-
sive means being expansible in the direction of the axis
of the torpedo, a booster charge, a detonator means carry-
ing the detonator operatively connected to the finid pres-
sure responsive means and adapted to move the detonator
into operative relationship with the booster charge, an
escapement mechanism connected to the detonator carry-
ing means, said escapement mechanism comprising an
escape wheel, a pendulum oscillatory in a plane parallel
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to theé axis of the torpedo, a double pronged fork: carried
by the pendulum, the prongs being alternatively engaged
with the escape wheel, one prong of said fork locking the
escape wheel upon sudden forward surge of the fluid pres-
sure responsive means, the other prong of said fork lock-
ing the escape wheel upon setback movement of the fluid
pressure responsive means.

13. In an arming device for a torpedo, in combination,
a pressure responsive device adapted to be moved from
an initial position to a final position by the differential
pressure of the water against the nose and side of the
torpedo respectively as the torpedo moves through the
water, a pair of ducts for establishing fluid communica-
tion between said pressure responsive device and the
surrounding water at said nose and side of the torpedo re-
spectively, a detonating device, a support for said de-
tonating device adapted to be moved from an initial safe
position to an armed position, means including a motion
multiplying device for causing the support to be moved
from said safe position to the armed position by said pres-
sure responsive device as the pressure responsive device
moves from the initial position to said final position, means
including an escapement mechanism for retarding the
movement of said pressure responsive device whereby the
detonating device is moved to said armed position at
the completion of a predetermined period of time, and
means for restoring said detonating device to said safe
position when the detonating device is not moved to the
armed position within said predetermined period of time.

14. In an arming device for a torpedo, in combination,
a pressure responsive device adapted to be moved from
an initial position to a final position by the differential
pressure of the water against the nose and side of the
torpedo respectively as the torpedo moves through the
water, a pair of ducts for establishing fluid communica-
tion between said pressure responsive device and the sur-
rounding water at said nose and side of the torpedo re-
spectively, a detonating device, a support for said detonat-
ing device adapted to be moved from an initial safe posi-
tion to an armed position, means including a motion
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multiplying device for causing the support to be moved
from said safe position to the armed position by said
pressure responsive device as the pressure responsive de-
vice moves from the initial position to said final position,
means including an escapement mechanism for retarding
the movement of said pressure responsive device whereby
the detonating device is moved to said armed position at
the completion of a predetermined period of time, and
means for locking said support in said armed position.

15. In a torpedo, a detonating device, means responsive
to differential pressure of the water at two remote points
in spaced relation along the surface of the forpedo for
moving the detonating device into an armed position, and
means operatively connected to the first named means
for controlling the rate of such movement,

16. In a torpedo, expansible fiuid pressure responsive
means for arming the torpedo, a booster charge, a
detonator means carrying the detonator operatively
connected to the fluid pressure responsive means and
adapted to move the detonator into operative relation-
ship with the booster charge, and an escapement mecha-
nism connected to the detonator carrying means for con-
trolling the rate of movement of the detonator, means con-
nected to said escapement mechanism to control the
period thereof comprising an inertia member movable in
a plane paraliel to the axis of the torpedo and constructed
and arranged to lock the detonator carrying means mo-
mentarily during movement of the detonator in response
to a sudden change in the rate of forward movement of
the torpedo during the run thereof.

References Cited in the file of this patent
UNITED STATES PATENTS

1,297,273 Straub et al. e Mar. 11, 1919

1,358,358 BUrney e e Nov. 9, 1920

1,617,674 Dieter oo Feb. 15, 1927
FOREIGN PATENTS

334,992 Germany ——eee——comeme Mar. 24, 1921

262,382 Italy oo Jan, 26, 1929



