
June 21, 1932. T. B. DOE 1,863,838 
FUSE FOR ANTIAIRCRAFT PROJECTILES 

Filed June 6, 1930 2 Sheets-Sheet 1 

S SN 
2 A. 

SW 

s S. 
429 i: SA G4 At \ 

ES 202 3// S \ AN 
42 G they E. v M N \ O sever, 4, AEK-4 N W 
A. SS5A. Hern N 3.tra2 N Xáa. A 2. \se 

't 

" . . ) 

%GE5% s SHERS 2 
AYN e r ea a. SWMS a7 

SS SNY N 4S 29 

7glia, sA II & A2 72.7/7 2SS8, SessS/Awas?iZee S.ŠtezSSS 
= , =7E4 = ORNEY. 

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

    

  

    

  

      

  



June 21, 1932. T. B. DoE 1863,838 
FUSE FOR ANTIAIRCRAFT PROJECTILES 

Filed June 6, 1930 2. Sheets-Sheet 2 

2.47 
6Sess53. is \ 

ZEs. 3\ Šát& 3N 
5 Ex SESSNS Éessags 

NS NS 

RSE EN N a2333N . %. 2 2K%& 

s: E. tes S 
Še 4, St. a;:S 

2 3 A. 

(30.67 
. V2 Q 257 26 N 2S,6, N 

26 NS 45. Al2 SWA 22 Sias, 29 
22 
s SN 

21. eyes 
2 z M 

INVENTO 

(20% A. Zoe. 

    

    

  

    

  

  

  

  

  

  

  

  

  

    

    

  

  

  

  

    

  

    

  

  

  

  



Patented June 21, 1932 - 

UNITED STATES 

1,863,838 

PATENT OFFIC 
THOIVAs B. DOE, OF NEW YORK, N.Y. 

This invention relates to fuses for projec 
tiles, particularly to the type of projectile 
which is detonated at a predetermined point 

such fuses are operated on the time principle, 

10 

in its flight. Such projectiles are largely 
employed in anti-aircraft gun fire. Usually 
the projectile being detonated at a prede 
termined time after it is fired. By my in 
vention, on the other hand, I propose to re 
place the costly and delicate timing mecha 
hism now employed by a simple device which 
depends primarily on the velocity of the pro 
jectile arid is operated by the pressure of the 

15 
air on the nose thereof which, of course, is a 
function of the velocity. Since the velocity 
of the projectile at any given point in its 
flight is a function of the distance of the pro 
jectile from the gun, it is obvious that the 
air pressure at its forward end at any given 
point is also a function of the distance from 
the gun. It is, of course, necessary to take 
into account the height of the projectile, at 
mospheric conditions, etc., but such factors may all be taken into account in the setting 

25 of the fuses. The air pressure on the nose of the projectile may be balanced against any 
settable yielding means within the projectile, 
such as spring pressure or the like. I prefer 

30 
to make use of the rotation of the projectile 
on its own axis (which is imparted by the 
rifling in the gun) to create the yielding force 
or a portion thereof which opposes the air 
pressure, by employing free or partially free 
masses within the projectile on which the 
centrifugal force acts. I provide a simple 
and reliable means within the projectile for 
opposing the air pressure means since the 
speed of rotation of the projectile is nearly 
a constant quantity, the rotation decreasing 
in velocity very slowly and at a known rate. 
This centrifugal force will overcome the 
force created by the air pressure on a por 

45 
tion of the nose of the projectile at a prede 
termined point in the flight of the projectile 
and is arranged, when that occurs, to trip 
a detent and release the hammer. 
Other objects of the invention are to in 

prove upon fuses of the above type by simpli 
50 fying the same and rendering them absolute 0 ly fool proof so that the fuse can not be ex 
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ploded prematurely. A further object Of the 
invention is to so construct the fuse cap that it may be manufactured entirely separately 
from the detonator and other explosive 
charges so that the fuse may be manufac 
tured in any machine shop without danger of 
explosion. . . . . . . . . . 

eferring to the drawings showing several 
preferred forms of the invention, 

Fig. 1 shows a front elevation of my fuse 
cap ready to be applied to the main shell. 

Fig. 2 is a vertical section of the same. 
Fig. 3 is a detail of the hammer which 

explodes the detonator. 
Fig. 4 is a vertical section taken at light 

angles to Fig. 2. 
Fig. 5 is a side elevation of the lower por 

tion of the fuse. 
Fig. 6 is a vertical section showing a modi 

fied form of fuse. 
Fig. 6-A is an enlarged sectional detail 

of a portion of the mechanism in Fig. 6 but 
with the 
position. - 

Fig. 7 is an enlarged sectional detail of a 
portion of this mechanism. - 

Fig. 8 is an enlarged view of the middle 
portion of Fig. 6, the parts being shown in a 
different position. 

Fig. 9 is a vertical section of a slightly 
modified form of my invention. - - 

Fig. 10 is a vertical section of a form of 
the invention using a spring means or a com 
bination of spring and centrifugal means as 

parts shown in a slightly different 

the withdrawing force for the detent. 
Fig.11 is a horizontal section on line 11-11 

of Fig. 10. 
In the sectional figures a firing pin or 

hammer 1 is shown as slidably mounted in 
a transverse bore 2, the hammer being nor 
mally locked in its mid-position in the bore. 
Said bore preferably extends entirely 
through the main body 3 of the nose cap, the 
router ends of the bore being threaded. Into 
these ends one or more detonator caps 4 and 
4 may be screwed after the fuse is completely 
manufactured and ready to be placed on the 
shell. Said caps communicate with powder 
train channels 5 which lead downwardly 
through space 6 and channels 7 into the main 
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lock the member 11. 

moved upwardly. When, however, the shell 
is rapidly rotated, the ends of flat spring 30, 
under the action of centrifugal force, move 
outwardly out of the notches 31 so as to un 
At its upper end the stem 8" is provided 

with a piston-like member 32 shown as thread 

C 

ed on the stem and fitting closely into a bore 
in the body portion of the nose cap. The top 
of said piston is subject to the air pressure, 
the nose being provided with an axial bore 
33, said bore being branched at the bottom and 
merging into a U-shaped channel 34. The air 
pressure hence builds up in this channel and 
exerts a pressure on top of the piston which 
opposes the action of the centrifugal force 
of the members 12 13, in addition I prefer 
to place rearwardly slanting channels 36-37 
in the body of the nose which communicate 

20 with a space 38 under the piston. As the pro 
jectile rushes through the air, air will be 
drawn from the channels 36-37 to create a negative pressure in the space 38 and thus 

25 

30. 

augment the positive pressure on the upper 
surface of the piston for the purpose specified. 
Owing to the fact that during the interval 

that the shell is being expelled from the gun 
the air pressure on the nose may not be built 
up, I prefer to provide an additional Safety 
idevice for preventing explosion during this 
interval. This preferably takes the form of 
a metal ball 40 or equivalent free object which 
normally lies at the lowest point in the U 

: 35 
shaped channel 34 and has a close but free 
fit in said channel. It is obvious that when 
the ball is in the position shown, i. e., with 
the shell sitting upright on its base that the 
detent cannot be raised. During the time 

40 
that the shell is leaving the gun there is enor 
mous acceleration of the shell and the inertia 
of the ball holds it in its center position in 
spite of the building up of a high velocity of 
rotation. 
tinues some distance beyond the muzzle as has 

45 been shown experimentally so that explosion 
of the shell within the gun or very close there to is affectively prevented. 
The form of the invention shown in Figs. 2 

. . . and 4 operates on a similar principle to that 
50. 

trifugal members 12-13 are shown as tri 
shown in Figs. 6 and 8. In this form the cen 
angular in shape and rest at their base as be 
fore in notched members 41 which are thread 

55 
ed on screws 42-42'. The tops of said mem 
bers rest against the under-surface of the 
part 11 secured to the stem 8. Under the 
action of centrifugal force the tops of the tri 
angular members will be thrown outwardly, 

65 

rotating the members about their toes 23 and 
thus lifting the member 11’ and the detent. 
In order to maintain the proper relation 

ship between the point of lift and the pivotal 
point of the centrifugal masses 12 and 13, it 
is not necessary to have the screws 20 and 
20 in an inclined position. Fig. 9 shows a 
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This acceleration of the shell con 

threads 

3 

construction in which the corresponding 
screws 90-90 are placed horizontally and 
the aforesaid proper relationship maintained 
by making the slide-ways 22, on which the 
pieces 16 slide, of triangular shape so that 
the top surface thereof presents an inclined 
surface. Fig. 9 also illustrates a modified 
form of locking spring. In this form two 
springs 91 and 91 are secured adjacent their 
tops to a fixed part of the shell with their 

O 

5 
free ends projecting downwardly to engage 
a flattened portion 92 on the member 11. 
The springs may be weighted near their lower 
ends so that under the action of centrifugal 
force the lower ends will fly outwardly and 
release the member 11. Otherwise the ac 
tion of this form of the invention is the same 
as Fig. 8. 
Instead of employing centrifugally oper 

ated means as a yielding force to release the 
detent, I may employ a spring means either 
with or without centrifugal action. One 
form of such means is shown in Figs. 10 and 
11. In this form of the invention the han 
mer 69 is normally maintained locked in the 
retracted position by one or more detents or 
locking pins. One of said pins 70 is a safe 
ty catch which prevents all possibility of the 
shell being exploded prematurely. Said de 
tent is on a mass 71 normally held in place by 
the split ring 72 which lies partly within a 
recess 73 in a nut 74 and partly in an annular 
recess in the mass 71. When the projectile is 
discharged from the gun, however, the inertia 
of said mass 71 is sufficiently great to snap it 
to the bottom of the bore 75 where it is held 
by the closure of the ring over the top there 
of. The projectile is thus armed and ready 
to fire upon the release of the main detent or 
pin 76 from engagement with hammer 69. 
Said pin projects downwardly from a stem 

77 having a plurality of shoulders and 
threaded portions thereon. Said stem at its 
top is flared at 78 to form the nose of the pro 
jectile and may also be provided with a slot 
79 for rotation by a fuse setter. The stern 
first passes through a locking ring 80 thread 
ed in the projectile which holds in place a ro 
tatably mounted nut or sleeve 81. Said ring 
is threaded interiorly, preferably with a left 
handed thread, and engages corresponding 

82 on the stem. Spring-pressed 
locking balls 83 (see Fig. 11) are placed in 
transverse bores in the shell and engage the 
exterior of said ring 81. Said balls serve to 
lock the sleeve 81 against rotation in one di 
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rection, i.e., clockwise rotation in Fig. 11, 
but permit the sleeve to be rotated in the op 
posite direction. - 
Secured adjacent the bottom of said stem 

is a flat coil spring 84. Said spring is pref 
erably anchored at one end to the stem and at 
the other end to a pin 85. The spring is nor 
mally under more or less tension, i. e., is 
wound up so that it tends to rotate the stem SO 
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gagement with said collar about said shoul 
der by springs 90 which press at their outer 

20 

25 

4 

in a clockwise direction in Fig. 11. By 
turning the stem by means of a screwdriver 
or fuse setter in a counter-clockwise direction 
in Fig. 11, the spring will be wound up for a 
predetermined range extent. During such 
operation, however, the nut freely rotates 
with the stem, so that no axial adjustment of 
the stem takes place. 

I also prefer to provide an auxiliary safety 
device for preventing the spring from prema 
turely unwinding and releasing the hammer. 
This device is preferably in the form of a 
pair of masses 86, each having a projection 8 
thereon which engages a collar 88 threaded on 
stem 77 and having an annular shoulder 89. 
Said masses are normally pressed into en 

ends against threaded closures 101. As 
shown, I prefer to place each of said masses 
in a bore which extends transversely but at 
an angle to a transverse plane passing 
through the projectile. The centrifugal force 
tends to withdraw the masses as soon as the 
normal speed of rotation is approached, but 
due to the forward inclination of the bores in 
which they are placed, the centrifugal force 
is opposed by the inertia of the masses while 
the projectile is receiving its powerful accel 

BO 

BS 

erating impulse from the powder. There 
fore, the masses will not be disengaged from 
the locking collar until the shell is well be 
yond the muzzle of the gun as in the other 
forms of the invention. 
This form of the invention is set for range 

as follows: The parts are assembled in the 
position shown in Fig. 10, with the detent. 76 
engaging the hammer 69 and the spring un 
der no or slight tension. The device is then 
set for range by turning the nose cap. The 
centrifugal masses 86 do not prevent this 
since no axial movement of the pintakes place 
and the nut 81 has a smooth periphery. This 
adjustment is effected by turning the stem 
counter-clockwise or to the left in Fig. 11 so 
that the nut rotates with the stem and no 

50 

axial movement takes place. After the shell 
is fired, however, and the locking pins are all 
released, the spring will unwind the stem 7. 
and screw it outwardly through the nut 81 
(which is locked in place against clockwise 
rotation) as soon as the air pressure on the 
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nose falls below a predetermined amount. 
The accuracy of my fuse depends, of course, 

somewhat on maintaining the muzzle velocity 
substantially constant. If the muzzle veloc 
ity is greater than anticipated, the fuse may 
be set off prematurely with the centrifugal 
method, as shown in Figs. 1 to 9 because the 
velocity of rotation of the shell will be more 
than correspondingly increased; while if the 
muzzle velocity and, therefore, the speed of 
rotation, is less than anticipated, the fuse will 
be set off too late. On the other hand, if a 
spring were employed which was uninflu 
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enced by centrifugal forces, it would set off 
the fuse late where the muzzle velocity was 
greater than anticipated, and early if the muz 
zle velocity were less than anticipated. If 
these two methods are combined, however, the 
error due to change in muzzle velocity may 
be reduced to a very small amount. The form 
of spring shown in Fig. 10 is subject, to a 
certain extent, to centrifugal action. In other 
Words, centrifugal forces acting on the heli 
cal coils tend to spread them and increase the 
twisting force exerted by the spring on the 
stem 77, especially if the spring is wound in 
the proper direction with respect to the direc 
tion of rotation of the shell...This form of 
the invention, therefore, really combines the 
spring and centrifugal methods and thereby 
reduces the error referred to. - - 
In accordance with the provision of the 

patent statutes, I have herein described the 
principle and operation of my invention, to 
gether with the apparatus which now con 
sider to represent the best embodiment there 
of, but I desire to have it understood that the 
apparatus shown is only illustrative and that 
the invention can be carried out by other 
means. Also, while it is designed to use the 
various features and elements in the combina 
tion and relations described, some of these 
may be altered and others omitted without 
interfering with the more general results out 
lined, and the invention extends to such use. 
Having described my invention, what 

claim and desire to secure by Letters Patent 
S: . . . . . . . . . . . 

1. In a fuse. for projectiles, the combina 
tion with the hammer, of a detent for nor 
mally holding said hammer retracted, means 
subject to the air pressure due to the flight 
of the projectile for holding said detent in 
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place, and yielding means opposing said other 
means for withdrawing said detent when 
the air pressure becomes a predetermined 
amount. . 

2. In a fuse for projectiles, the combina 
tion with the hammer, of a detent for nor 
mally holding said hammer retracted, means 
subject to the air pressure due to the flight 
of the projectile for holding said detent in 
place, yielding means opposing said other 
means for withdrawing said detent when 
the air pressure becomes a predetermined 
amount, a lock for preventing said yielding 
means from acting before the projectile has 
been discharged, said lock being subject to 
centrifugal force so as to unlock said means 
after the projectile is fired. 

3. In a fuse for projectiles, the combina 
tion with the firing cap and hammer, of a 
detent for normally holding said hammer re 
tracted, a movable member in the nose of 
said projectile and connected to said detent 
for holding it in place, and settable yielding 
means for withdrawing said detent when the 
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pressure on the nose falls below a prede 
termined amount. , 

4. In a fuse for projectiles, the combina 
tion with the firing cap and hammer, of a 
detent for normally holding said hammer re 
tracted, a movable member in the nose of said 
projectile and connected to said detent for 

10 

tent, the release of said locking means, in 

holding it in place, settable yielding means 
for withdrawing said detent when the pres 
sure on the nose falls below a predetermined 
amount, centrifugally released locking means 
to prevent untimely withdrawing of said de 

turn, being opposed by acceleration forces 
15 while the projectile is leaving the gun. 5. In a fuse for projectiles, the combina 

tion with the hammer, of a detent for nor 
mally holding said hammer retracted means 

20 
subject to the air pressure due to the flight of 
the projectile for holding said detent in 
place, movable masses within the projectile 
subject to the centrifugal force created by the 

25 

rotation thereof for withdrawing said de 
tent when the air pressure becomes a prede 
termined amount, and settable means for 
varying the effective force exerted by said 
masses on said detent for varying the range 
at which the shell explodes. 

... 30. 

35 

6. In a fuse for proj 
- t 

ecti 
tion with the hammer, of a detent for nor 
mally holding said hammer retracted, yield 
ing means tending to withdraw said detent 
comprising a pair of centrifugal members 
pivoted on opposite sides of said detent and 
adapted under the action of centrifugal 
forces, due to rotation of the projectile, to 
rotate outwardly and lift said detent, means 
for adjusting said masses toward and away 
from the axis of the projectile to vary the 

40... 

45. 

pivoted on opposite sides of said detent and 
adapted under the action of centrifugal. 

range, and means responsive to air pressure 
of opposing said withdrawing force. 

7. In a fuse for projectiles, the combina 
tion with the hammer, of a detent for nor 
mally holding said hammer retracted, yield 
ing means tending to withdraw said detent 
comprising a pair of centrifugal members 

forces, due to rotation of the projectile, to 
rotate outwardly and lift said detent, and 

55. 

means responsive to air pressure for opposing 
said withdrawing force. 

8. In a fuse for projectiles, the combina 
tion with the hammer, of a detent for nor 
mally holding said hammer retracted, cen 
trifugally operated means for withdrawing 
said detent comprising a member mounted 
to one side of the axis of the projectile to 
pivot about the outer edge of its base under 
the action of centrifugal force and to raise 

e5, 

said detent when so rotated, settable means 
for varying the distance of said member from 
the axis of said projectile to vary the range, 
and means for exerting an opposing force to 

les, the combina 

5 

the centrifugal action of said member on said 
detent. 
9. In a fuse for projectiles, the combina 

tion with the hammer, of a detent for normal 
ly holding said hammer retracted, means sub 
ject to the air pressure due to the flight of 
the projectile for holding said detent in 
place, movable masses within the projectile 
subject to the centrifugal force created by 
the rotation thereof for withdrawing said 
detent when the air pressure becomes a pre 
determined amount, settable means for vary 
ing the effective force exerted by said masses 
on said detent for varying the range at which 
the shell explodes, and inertia operated safety 
locking means for preventing withdrawal of 
said detent until the projectile has left the 
gun. . . . - 

10. In a fuse for projectiles, the combina 
tion with the hammer, of a detent for nor 
mally holding said hammer retracted, means 
subject to the air pressure due to the flight 
of the projectile for holding said detent in 
place, and combined spring and centrifugal 
means for withdrawing said detent when the 
air pressure falls below a predetermined 
amount. 

11. In a fuse for projectiles, the combina 
tion with the firing cap and hammer, of a 
detent for normally holding said hammer 
retracted, a movable nose on said projectile 
connected to said detent for holding it in 
place, and settable spring means also sub 
ject to centrifugal forces for withdrawing 
said detent when the pressure on the nose 
falls below a predetermined amount. 

12. In a fuse for shells, the combination 
with the firing pin and locking detent, of 
centrifugally operated means for withdraw 
ing said detent comprising an L-shaped mem 
ber adapted to pivot about its outer edge un 
der the action of centrifugal force on its top, 
said pivoting edge being substantially on a 
line with the point of lift of said member on 
said detent. . 

13. In an air pressure fuse for projectiles, 
a detent for locking the firing pin, centrifugal 
means for withdrawing said detent, a cen 
trifugally released spring lock for prevent 
ing accidental withdrawal of said detent, and 
an additional means for preventing explosion 
in the gun barrel comprising an inertia lock 
tion and centrifugal forces whereby said lock 
remains effective until the shell attains its 
maximum velocity beyond the muzzle. 

14. In an air pressure fuse for projectiles, 
a detent for locking the firingpin, centrifugal 
means for withdrawing said detent, and an 
additional means for preventing explosion 
in the gun barrel comprising an inertia lock 
subject both to opposed translatory accelera 
tion and centrifugal forces whereby said lock 
remains effective until the shell attains its 
maximum velocity beyond the muzzle. 
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subject both to opposed translatory accelera 
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15. In an air pressure fuse for projectiles, 
a detent for locking the firing pin, centrifu 
gal means for withdrawing said detent, a cen 
trifugally released spring lock for prevent 
ing accidental withdrawal of said detent, and 
means for preventing explosion in the gun 
barrel comprising a ball in a J-shaped chan 
nel disposed across the axis of the shell above 
said detent and adapted to prevent with 
drawal of said detent while it lies near the 
bottom of said channel. 

16. A fuse for projectiles, in combination 
with a nose cap, of a cross channel there 
through, a substantially symmetrical firing 
pin normally held therein at about the longi 
tudinal axis of the projectile, and a percus 
sion cap holder adapted to be detachably se 
cured in each end of said cross channel 
whereby the shell is not materially unbal 
anced about its longitudinal axis by said 
firing pin. - - 

17. A fuse for projectiles, in combination 
with a hammer, of a detent for normally 
holding said hammer retracted, a piston 
member connected to said detent for holding 
the same in place, the upper surface of said 
piston being subject to the air pressure at 
the nose of the projectile, and rearwardly 
inclined channels in said projectile leading 
to the under-Surface of said piston whereby 
a negative pressure is created thereon, and 
yielding means for opposing said piston for 
firing the projectile when the effective pres 
sure. On the piston falls below a predeter 
mined amount. - 

18. In a fuse for projectiles, the combina 
tion with the firing pin and locking detent, 
of means for withdrawing said detent at a 
predetermined point in the flight of the shell, 
and a safety lock for preventing premature 
release in the gun barrel comprising a U 
shaped channel extending across the axis of 

45 

50 
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the shell and above said detent, and a ball in 
said channel whereby inertia holds the ball 
over the detent during acceleration of the 
shell but centrifugal force displaces it as ac 
celeration ceases. 

19. In an air pressure fuse for projectiles, 
a detent for locking the firing pin, centrifu 
gal means for withdrawing said detent, and 
means for preventing explosion in the gun 
barrel comprising a ball in a U-shaped chan 
nel disposed across the axis of the shell above 
said detent and adapted to prevent with 
drawal of said detent while it lies near the 
bottom of said channel whereby inertia, holds 
the ball over the detent during acceleration 
of the shell but centrifugal force displaces 
it as acceleration ceases. 

20. In a settable fuse for projectiles, a de 
tent for locking the firing pin, means within 
the projectile for withdrawing said detent 
at a predetermined point in the flight of the 
shell, and an additional means for prevent 
ing explosion in the gun barrel comprising 
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an inertia lock subject both to opposed trans 
latory acceleration and centrifugal forces 
whereby said lock remains effective until the 
shell attains its maximum velocity beyond 
the muzzle. 

21. In a fuse for projectiles, the combina 
tion with the firing pin and locking detent, 
of means for withdrawing said detent at a 
predetermined point in the flight of the shell, 
and a safety lock for preventing premature 
release in the gun barrel comprising a cup 
on said detent and a ball in said cup which 

70 

75 

prevents lifting of said detent as long as the 
ball remains in the cup. y 

22. In a safety fuse for projectiles, the 
combination with the firing pin and locking 
detent, of means for preventing premature 
release of the detent including a cup on the 
detent, and a ball in said cup and normally 
held therein by gravity with the shell sitting 
On its base and by inertia, during the accel 
eration of the shell in the gun barrel but ex 
pelled therefrom by centrifugal force as ac 
celeration ceases. 
In testimony whereof I have affixed my 

signature. 
THOMAS B. DOE. 
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