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tion of New York

Application ‘August 31, 1940, Serial No. 354,966
(ClL 102—70)

6 Claims.

This invention relates to fuses for projectiles
and more particularly to fuses for detonating
a projectile at a predetermined point in its.flight.

The chiject of the invention is to provide a fuse
for ¢ projectile which functions upon the projec-
tile being retarded to a velocity corresponding
to the predetermined point in its flight.

Another object of the invention is to provide
such a fuse in which a predetermined difference
between the air pressure on the nose of the fuse
due to its velocity and an air pressure set in a
sealed chamber within the fuse causes the fuse
to function by its action on a member to which
the firing hammer is permanently secured.

Another object of the invention is to provide
such a fuse in which: the firing caps are held in
ah inoperative position until after the projectile
has been fired.

Ancther object of the invention is to provide
such a fuse, including an adjustment for calibrat-
ing or standardizing the differential pressures
or forces under which the fuse will be actuated.

Other objects of the invention will be apparent
from a consideration of the specification and
drawings in which:

Fig. 1 is a vertical cross-sectional view of an
embodiment of the invention, showing the rela-~
tion of the parts of the fuse before the fuse
has been set to function at a predetermined
range;

Fig. 2 is a view similar to Fig. 1, but showing
the fuse set to function at a predetermined
range and after the projectile has been fired;
© Fig. 3 is a horizontal, cross-sectional view
taken on the line 3—3 of Fig. 1;

Fig. 4is a horizontal, cross-sectional view taken
on line 4—4 of Fig, 2; .

Fig. 5 is a vertical, cross-sectional view, sim-
. ilar to Fig. 1, of a modification of the invention;
and

Fig. 6 is a horizontal, cross-sectional view taken
on line 6—8 of Fig. 5.

In many of the fuses in use heretofore a pow-
der train leading to the detonating charge in
the projectile is ignited at the time the pro-
jectile is fired and burns to the detonating charge
of the proiectile in an interval of time depend-
ing upon the point of ignition of the powder
train. These fuses not only required that there

be placed in the fuse itself a considerable amount ¢

of powder. which must be manufactured - with
great care that the rate of propasation. of the
flame be known and constant, but their construc-
tion has been such that they also required that
the powder frain be assembled in the fuse at
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the factory, with attending dangers during as-
sembly, shipment and storage. ‘

To overcome these disadvantages the present
invention provides a fuse which may be manu-
factured, shipped and stored without any powder
or detonating caps therein. The loading of the
fuse with powder and the insertion of the fir- -
ing caps are such simple operations that they
may be done just before securing the fuse to
the projectile,

The fuse of the present invention is fired by a
firing pin which is moved to strike the firing
cap by the force of air in a chamber, which
is charged to a predetermined pressure, acting
on one side of a diaphragm to which the firing
pin is attached. Movement of the diaphagm is
opposed and prevented until the projectile has
reached a predetermined point in its flight by
an air pressure, acting on the other side of the
diaphragm, created at the nose of the projectile
by its movement through the atmosphere,

It is well known that the pressure on the nose
of the projectile varies with the velocity of the
projectile and the conditions of the atmosphere,
and as the velocity of the projectile varies with
the time of flight and the angle of elevation, the
nose pressure at any predetermined range may
be calculated for the various sizes of projectiles
and initial velocities. With these data, which are
available in easily interpretable tables and
curves, the pressure to which the air chamber is
charged for a selected detonating range is de-
termined. When the projectile has reached the
desired range, the nose pressure will have been
reduced to such a value that it will no longer
overcome the air pressure in the chamber and
the diaphragm will be moved, ¢ausing the firing
pin to strike the firing cap.

In practice it has been found that a difference
in pressure of ten pounds on the two sides of
the diaphragm was necessary to force or snap

-the diaphragm over from one position to an-

other. Thus, if it is desired to detonate the pro-
jectile at a range having a corresponding nose
or velocity pressure of seventy-five pounds per
square inch, the air chamber would be charged
to a pressure of eighty-five pounds per square
inch. )

- To provide against accidental striking of the
firing cans by the firing pin before the projectile
is fired, the fuse is assembled with the diaphragm
in its snapped-down position with the firing pin
engaging a bore in the central portion of the
frame or block holding the firing caps. When
the projectile is fired, the nose pressure due to
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the initial velocity of the projectile overcomes the
pressure of the air in the chamber and snaps
the diaphragm to its up position, drawing the
firing pin out of engagement with the firing cap
frame., This disengagement allows the frame,
under the action of centrifugal force due to the
rotation of the projectile, to move outward in its
cavity into a position such that one of the firing
caps is in alighment with the firing. pin. The
firing cap is then in a position to be struck by
the firing pin when the diaphragm is shapped
down under the force of the air in the chamber,
that is, when the nose pressure has decreased to
a value corresponding to the nose pressure at
the point at which it is ‘desired to detonate the
projectile.

It is realized that other fuses have been dis-
closed whose functioning depends upon balancing
the nose air pressure, due to the movement of

the projectile, against the reaction of springs, air,

or. centrifugal forces set up by the masses of cer-
tain parts of the fuse. In-these other fuses the
opposing forces act on a detent which holds a
firing hammer in & safe position until the de-
sired: balance or relation of forces is reached
when the detent is moved and the hammer is re-
leased. The hammer is then moved by centrifu-
gal force or springs to strike the firing cap. In
the present invention the firing hammer is di-
rectly activated by the controlling forces, thus
adding to the safety, simplicity and posifive
action of the fuse.

Referring to the drawings and particularly to
Fig. 1, | represents the base of the fuse which is
adapted to be secured by threads 2 to the nose of
the projectile (not shown). In the lower face of
base 1 is bored a cylindrical cavity having thread-
ed-walls 3 and a cavity 4, the latter being gen-
erally rectangular in cross-section but with
curved ends. Plug 5§ is screwed into the walls 3
by means of a wrench cooperating with holes 6.
In the central portion of plug 5 is bore T in which
is placed ignition rowder 8, which is in communi-
cation at its lower end with the detonating pow-
der in the projectile (not shown).

Between the upper face of plug 5 and the upper
face of cavity 4 slides frame or block 8, which
carries two firing caps 108. TUntil the projectile
is fired, frame 8 is held in its position in the cen-
ter of cavity 4 by firing pin Il which slides in
bore 12 in base | and engages a bore {3 in the
center portion of frame 9. When firing pin i1 is
moved upward, as will be hereinafter described,
frame 9 is free to move outward under the action

of centrifugal force to one end or the other of -

cavity 4, when one of the firing caps 10 will be
in alignment with the lower end of firing pin (1.
Holes 14 in frame 9 are provided as passageways
for the flame of the firing cap 10 to pass to the
powder 8, when frame 9 is in its firing position,
as shown in Fig. 2. These passageways may be
filled with powder if desired.

The central portion of the fuse is a core 5 se-

cured to the base | by screw threads 18. Core
i5, among other functions, provides a base and
support for the inner side walls 17T secured to
core i35 by screw threads I8 and the outer side
walls 19 which fit into a sloping shoulder 20 on
core §{8. The upper ends of the inner side walls
17 are closed by nose member 2{ which is hollow
and cylindrical in shape. Member 21 is closed
at its lower end and has a shoulder 22 in its cen-
tral portion. Shoulder 22 and nut 23, screwed
on threads 24, engage the inturned upper ends
of walls 17 and make an air-tight joint therebe-
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tween. Nut 23 has radial slots 25 cut in its lower
surface for applying a socket or spanner wrench.
The upper ends of the outer walls 19 are secured
to member 21 by a nut 28, which engages threads
21, and bears down on the inturned ends of walls
19. The lower surface of nut 26 is cut with a
slight slope downwardly and outwardly. The
sloped ends are provided on the outer side walls
so that the clamping action of the nut 26 will tend
to draw the walls in to make a tight joint which,
however, need not be absolutely air-tight as will
hereinafter appear.

In the bore 28 of member 21 slides a cylindrical
valve 28 having an axial bore 30 and a longitudi-
nal slot 31, Slot 31 engages pin 32 secured in the
side walls of member 21 to prevent valve 29 from
turning about its axis as it slides in bore 28.
Threads 33 in the upper portion of bore 30 are
provided to fit a tool for removing valve 28 from
bore 28, if desired. Ports 34 are cut in the walls
of member 2f on a level between the upper ends
of walls 17 and walls . 19 and a port 35 is cut in
the walls of member 21 below the level of nut 23.

It will thus be seen that an air space 36 is
formed between walls 17 and 19, which is open
at its upper end to the atmosphere through ports
34, groove 31, and bore 28, when valve 29 is in
the position shown in Fig. 1. Air space 36 is open
to the atmosphere through ports 24 and bore 23
when valve 28 is in the position shown in Fig. 2,
It will also ke seen that an air chamber 37 is
formed by the inner walls 1, member 21, and
core |5, which chamber is open to the atmosphere
through port 35, bore 30, and bore 28, when valve
29 is in the position shown in Fig. 1 and is closed
from bore 30 and the atmosphere when valve 23
is in the position shown in Fig. 2.

The upper surface of base { is downwardly
curved as at 38 and the lower surface of core {§
is upwardly curved as at 39 to form a cavily 48
therebetween. In this cavily is placed a cup-
shaped diaphragm 41. The upper or open end of
diaphragm 41 is secured to core {5 by any suitable
means such as a ring of solder 42. Diaphragm

’ 41 is made of any suitable spring metal and is

adapted to snap under a differential pressure on
its two sides from one position to another, such
as its down position shown in Fig. 1 and to its
up position, shown in Fig. 2. The under side of
diaphragm 41 is in communication with air space
36 through ports 43 and its upper side is in com-
munication with air chamber 37 through ports 44.

Secured through the center of the diaphragm
44 is firing pin (1, which extends upwardly
through cavity 40 into a bore 45 in the core 15.
A pressure head 48 is secured to the upper end
of the firing pin {1 by any suitable means such
as riveting, Above the bore 45 of core 15 is an-

other bore 41 of a diameter greater than bore 45. .

On the lower shoulder of bore 47 rests a pressure
washer 48 adapted to contact pressure head 4%
when the latter is raised to the position shown
in Fig. 2. The pressure washer 48 is forced down-
wardly by the compression of spring 49, which

5 compression is adjustable by turning the screw

plug 50 engaging threads 51 in core {5. The pur-
pose of spring 49 and its associated pressure
members 48 and 46 is to place an adjustable hias
pressure on diaphragm 41 to compensate for any
variations in the force required to snap individ-
val diaphragms from one position to another, due
to variations in their metal characteristics or
slight variations in their form.

In the modification shown in Figs. 5 and 6, the
construction is the same as that shown in Figs.
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1, 2,'3 and ¢, except that a different arrange-
ment is provided for placing the spring biss on
the diaphragm 4{. In the modification shown
in Figs. 5 and 6, core {5 is made relatively thin
and of such thickness as to permit the upper
face of pressure head 46 to extend above the up-
per face of core {5 when the diaphragm 4i is
n its up position. . Bore 45 is made of sufficient
diameter to accommodate head 48 and at the
same time provide an air passage between cham-
‘ber 37 and cavity 480.

On the lower portion of threads {8 is screwed
a cylindrical plug 58°, threaded at 5i’. A flat
spring 52 of a suitable spring material is se-
cured in slots at the lower edges of plug 50’.
The spring is of such width and thickness as to
exert a suitable pressure on the pressure head 48
when the latter is in its upper position. Spring
52 is narrow enough that it does not completely

cover bore 45 and permits air from chamber 37

to act upon the upper face of diaphragm 41. The
amount of pressure exerted on head 48 is varied
by adjusting the position of screw plug 59’ and
hence the curvature of spring 52 when it is in

contact with the upper surface of pressure head 3

£6 when the diaphragm 41 is'in its up position.
Assembly and operation

In assembling the fuse, diaphragm 4{ is se-
cured to core §5 by the ring of solder 42.
at a pressure of ten pounds is then applied to
ports 44, with the diaphragm in its up position,
as shown in Fig. 2. The tension of spring 49 is
then adjusted by moving screw plug 53 until dia-

phragm 81 snaps over {0 its down position under

the pressure ox its upper face of ten pounds
plus the force of gpring 49. Diaphrasm 4{ is
left in its down position. The base { is then se-
cured to the lower end of core {5. _

The nose member 2§ is secured to the upper
ends of wall {7 by nut 23 clamping the ends of
wall {7 against the shoulder 22. The inner side
walls {7 are then screwed into the threads {8 in
the core {3. Outer side walls {9 are then placed
on shoulder 28 and the upper ends are secured
in position by screwing down on nut 26, which
engages the inturned ends of wall 19.

When it is desired to load the fuse, frame §
with its firing caps (@ is placed in cavity 4 with
the firing pin engaging bore §3. Plug 5, with
powder 2 in place, is then screwed into the bot-
tom of the base {. The fuse is now ready to be
placed on the nose of the projectile.

To set the fuse for the desired range, valve
28 is inserted in bore 28 to the position shown in
fig. 1 and air from a suitable pressure source
is connected to bore 28. Air chamber 37 ig then
charged through bore 38 and port 35 o the pres-
sure corresponding to the velocity or nose pres-
sure for the desired range plus the calibrated
differential pressure of say ten pounds. Air at
this pressure also fills cavity 48 through ports
A44. At the same time air passes throuzh slot 31,
port 34, air space 3%, and ports 43 to the under
side of diaphragm 4f{. As the diaphragm will
not move except when there is a difference in
pressure of ten pounds on its two sides, dia-
phragm 41 will remain in its down position. Up-
on the completion of the charging of chamber
37, valve 29 is moved down to the position shown
in Fig. 2, thus sealing port 35. The projectils
is then ready for firing and is in g safe condition,
that is, the firing caps (8 are held in positions
such that they can not be struck by the firing
pin {1.
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- Upon the firing of the projectile, the nose pres~
stire” du¢ to the initial-velocity of the projectile
acting through ports 34, air space 38, and ports
43, forces diaphragm 4[ fo its up position, shown
in Fig. 2. The lower end of the firing pin i1 is
thus withdrawn from boire (3 and frame 9 is free
to move under the action of centrifugal force
to its position as shown in Fig. 2, with one of the
firing caps (0 in alignment with firing pin fI.
The fuse is then in its armed condition.

When the projectile has reached the desired
range and the nose pressure has decreased cor-
resporidingly, the pressure in chamber 21 over-
‘comes the nose pressure and the diaphragm snaps
to its down position. Firing pin {{ carried by
diaphragm &1 then strikes firing cap 18, thus
igniting powder 8, which in turn sets off the
detonating chiarge of the projectile.

It is obvious that various changes may be
mdade by those gkilled in the art in the details
of the embodimernit of the invention disclosed in
the drawings and described above within the
pritciple arid scope of the invention as expressed
i the sappended claims.

We claimi:

1. In a fuse for projectiles, the combination of
4 base, & movableé mernber normally biased in
orie direction, a cavity in the base, a block slid-
able in the cavity and including a central bore
and & firing ¢ap theréin, a firing pin connected
t6 one side of the micvable member and adapted
to riormally engage the boie to position the block
in the cavity, an air chamber charged to a pre-
determined presstre and in communication with
the other side of the movable member, a pas-
sagewady for exposing the one side of the movable
metber to the nose air pressure of the fuse, and
spririg biasing miearis for aulgmenting the effect
of the chamber air pressufe on the movable
member, whereby the firihg pin is moved out of
engagement with the bore and is subsequently
fnoved into engageément with the firing cap in ac-
cordance with the preporiderance of pressures on
the sides of the member.

2. In a fuse for projectiles, the combination of
a movable member, a firing pin directly con-~
trolled by the movement of the member, an air
chamber charged to a predetermined pressure
and in communication with one side of the mov-
able member, passageways for exposing the other
side of the movable member to the nose air pres-
sure of the fuse, spring biasing means acting on
the said one side of the movable member to aug-
ment the effect of the chamber air pressure on the
raovable member, and means for adjusting said
spring biasing means.

3. In a fuse for projectiles, the combination of
a movable member alternately biased to each of
two positions, a firing pin directly connected to
one side of the movable member, an air chamber
charged to a predetermined pressure in excess of
atmosphere and formed in part by the other side
of the movable member, a second air chamber
formed in part by the one side of the movable
member, the fuse having an opening in the nose,
a passage connecting the opening to the second
air chamber, and a spring acting on the said
other side of the movable member to augment
the effect of the pressure in the first mentioned
air chamber on the movable member when the
member is biased to a position toward the first
mentioned air chamber, whereby the member is
moved to the said position when the effect of the
pressure in the second air chamber exceeds the
effect of the pressure in the first mentioned air
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chamber and the member is moved to a position

toward the second air chamber when the effect -

of the air pressure:in fthe first mentioned air
chamber and the spring exceeds the efiect of the
pressure in the second air chamber.

4. A fuse for projectiles comprising a base

having a cavity therein, a block in the cavity
free to slide and having on one face a locking re-
cess and’ a firing cap, the base having an axial
bore communicating with the cavity, a flexible
diaphragm alternately biased to each of two po-
sitions supported upon the base, a pin carried by
the diaphragm  in the bore ‘of the base and
adapted to engage ‘both the locking recess and
the firing cap in different positions of the block,
a sealed pressure chamber formed in part by the
face of the diaphragm. away: from: the hlock
charged to:a pressure in excess of atmosphere
and so constructed and arranged that the force
exerted by the pressure will normally maintain
the pin engaged’ in ‘the locking  recess, and a
chamber formed in part by the opposite face of
the diaphragm and by the base; and a passage
cemmunicating with said last chamber and open
to the velocity air pressure at the nose of the
fuse to build up a pressure in said last chamber
due to the velocity of the projectile for opposing
the pressture -in said. first chamber and con-
trolling the actuation of said diaphragm.

5.. A fuse for projectiles comprising a base hav-.

ing a cavity therein, a block slidable in the cavity
and: having -on one face a locking recess and a
firing cap, 2 movable member carried by the base
movable between firing: and retracted positions,
a firing pin mounted on the movable member and
adapted to engage both the recess and the firing
cap in different positions of  the block; spring
means urging said movable member to firing po-
‘sition a sealed air chamber charged to a prede-
termined pressure in -excess of atmosphere and
formed in part by the face of the movable mem-
ber away from the cavity and so constructed and
arranged that the force exerted by the pressure
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will normally maintain the pin engaged in the
locking recess, the fuse having an opening in the
nose, a second air. chamber formed in part by
the face of the movable member toward the
cavity and in part by the base; and a passage
connecting the second air chamber to the open-
ing to build up a pressure in said last chamber
due to the velocity of the projectile for opposing
the pressure in said first chamber for controlling
the - actuation of said movable ‘member in ac-
cordance with the pressure differential therebe-
tween.

6. A fuse for projectiles comprising a base hav-
ing a cavity therein, a block slidable in the cavity
and having on.one face a locking recess and a
firing cap, & movable member - carried by the
base movable between firing -and retracted posi-
tions, a firing pin- mounted on the movable mem-
ber and adapted to engage both the recess and
the firing cap in different positions of the block,
spring means urging said movable member to fir-
ing position an air chamber formed in part by
the face of the movable member away from the
cavity and so constructed and arranged that the
force exerted by the:air pressure in said cham-
ber will normally -maintain the pin engaged in
the locking recess,. the fuse having an opening
in the nose, a -second air chamber formed in part
by the face of the movable: member toward the
cavity ‘and. in part by: the base, a passage con-
necting the second air chamber to the opening in
the nose of the fuse to build up a pressure in said
last’ chamber 'due to. the velocity of the projec-
tile for opposing: the pressure in said first. cham-
ber for controlling the actuation: of said mov-
able member in accordance: with the  pressure
differential therebetween, a port connecting the
first ‘mentioned air chamber to the passage for
charging, and: a. valve member in gaid passage for

40 controlling the port,
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