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[57] 

The high ram pressure formed at the stagnation point 
of a projectile nose in ?ight is used as a source to 
drive a fluid oscillator within the projectile. A piezo 
electric crystal is connected to the ?uid oscillator to 
produce an electrical current when excited by the os 
cillator. The resulting current can be used to power 
the electrical components within the projectile. 

ABSTRACT 

9 Claims, 6 Drawing lFigures 
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ACOUSTICAL F UZE ACTIVATOR 
This invention relates generally to fuze activators for 

missiles and more particularly to an improved acousti 
cal signal generator which permits a missile fuze to be 
activated only after the missile has attained a predeter 
mined speed. 

In the past, chemical batteries have served as a 
source of electrical power to activate fuzes or other 
components in a missile, such as a mortar shell. The 
present invention is a new approach to the generation 
of electrical power from an acoustical source. When a 
shell or small artillery missile ?ies through the atmo 
sphere, a high ram pressure is formed at the stagnation 
point of the missile nose. This invention utilizes the ram 
pressure as a pneumatic source in a ?uid oscillator hav 
ing no moving parts. 
Some of the preferred embodiments of the invention 

are disclosed in detail in the following description and 
accompanying drawing in which: 
FIG. 1 is a schematic diagram ofa portion ofa missile 

incorporating a pneumatic generator having a single 
rectangular resonator chamber; 
FIG. 2 is a schematic diagram ofa portion ofa missile 

incorporating a single cylindrical resonator; 
FIG. 3 is a schematic diagram of a portion of a missile 

incorporating two nozzles and two resonators; 
FIG. 4 is a schematic diagram ofa portion ofa missile 

incorporating a pneumatic generator having four noz 
zles and a single cylindrical resonator; and 
FIG. 5 is a schematic diagram ofa portion ofa missile 

incorporating the improved pneumatic generator and 
having four nozzles and four cylindrical resonators; 
FIG. 6 is a schematic diagram ofa modi?cation appli 

cable to all the preceding ?gures. 
In FIG. 1, a nozzle 10 is formed in the nose 12 of a 

missile 14. A wedge or splitter 16 is placed directly 
below the ori?ce of nozzle 10 and is ?xed at its‘lower 
end to a piezoelectric crystal 18 which in turn is fixed 
to the wall of missile 14. Leads 19 are connected to op 
posite faces of crystal 18. 

In operation, when the missile is ?ying through the 
atmosphere in the direction indicated by the arrow 20, 
ram air indicated by the arrow 22 enters nozzle 10 and 
impinges upon wedge 16. A portion of the air jet is de 
?ected into the rectangular resonator chamber 24 
formed by wedge 16 as one wall and crystal 18 as the 
bottom. When resonance occurs in resonator chamber 
24, a high intensity sound is emitted. The frequency of 
the oscillator formed by resonator 24 and nozzle 10 is 
directly proportional to the velocity of the jet at the ori 
?ee of nozzle 10 and inversely proportional to the dis 
tance 26 between the orifice of nozzle 10 and the top 
edge of wedge 16. 
The frequency generated by the ?uid oscillator is 

known as edge-tone frequency. The dominant fre 
quency of the oscillator is controlled by the size of the 
cavity of resonator 24. The edge~tone frequency is 
higher than the resonator frequency, but lower in am 
plitude, since it interacts with the harmonics of the res 
onator eigen frequencies. Hence, this type of ?uid os 
cillator is known as an edge‘tone-resonator oscillator 
or a ring tone oscillator. 

Piezoelectric crystal 18 forms the back wall of the os 
cillator, and it de?ects at the same frequency as the os 
cillator frequency to produce an electrical voltage also 
of the same frequency. The electrical power output of 
the piezoelectric crystal depends upon the size and 
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shape of the crystal. It is to be understood that the crys 
tal may be any other suitable type of electrical trans 
ducer. Crystal 18 may also be placed on a diaphragm 
which is designed to vibrate at the oscillator frequency. 
With such an arrangement, an output power of up to 
one watt or higher can be obtained. Such power is gen 
erally sufficient to operate the electronic components 
present in the fuze circuits in shells or missiles. 
The pneumatic oscillator may be constructed in such 

a way so as to trigger only at a predetermined input 
pressure which in turn would be produced at only a 
predetermined velocity of the missile relative to the at 
mosphere. Such a threshold effect. is obtained by vary 
ing the size of the resonator chamber 24. The size of 
the resonator chamber may be varied, for example, by 
placing crystal 18 on an adjustable mounting means 
(not shown) which may be moved vertically relative to 
the wedge 16. With such an arrangement, as the missile 
or shell 14 ?ies through the air, the electronic compo 
nents connected to the output of piezoelectric crystal 
18 can remain inactive until a specified shell velocity 
is achieved, at which time the pneumatic oscillator will 
trigger and cause the electronic components to oper 
ate. 
FIG. 2 is a modi?cation of FIG. 1 in that the rectan 

gular resonator chamber 24 is replaced by a cylindrical 
resonator 27 having a sharp upper rim 28. The ?uid jet 
passing through the three-dimensional nozzle 30 im 
pinges upon the rim 28 to produce a high intensity 
sound at resonance. The resonant frequency is deter 
mined by the length of cylinder 27. A piezoelectric 
crystal 31 is placed at the back end of cylinder 27 and 
glued on a thin metal diaphragm 32. Diaphragm 32 
may be moved along the axis of the cylinder to change 
the size of resonating cavity and thereby the resonant 
frequency. 
FIG. 3 is similar to FIG. 1 with the difference that two 

oscillators are used. Formed in the missile nose are noz 
zles 34 and 36. Mounted on the wall of the missile are 
two resonator chambers 38 and 40. The ?uid jet pass 
ing through nozzle 34 impinges upon wedge 42 and is 
partially de?ected into the resonator chamber 38 to 
cause the piezoelectric crystal 44 to de?ect at resonant 
frequency. In like manner, the ?uid jet passing through 
nozzle 36 impinges upon wedge 46 and is partially de 
?ected into chamber 40 to cause crystal 48 to de?ect 
at resonant frequency. 
FIG. 4 illustrates a missile 50 having four nozzles 52, 

54, 56, and 58 spaced 90° apart in the nose of the mis 
sile. Supported in the missile beneath the nozzles by 
suitable means (not shown) is a single cylindrical reso 
nator 60. The four ?uid jets passing through the four 
nozzles each impinge upon a different point of the 
upper rim 62 of the resonator 60. Such a pneumatic 
generator produces high intensity tones at very low ram 
pressures. 

FIG. 5 shows a variation of FIG. 4 in which again four 
nozzles 64, 66, 68 and 70 are mounted in the nose of 
a missile 72. But here, four separate cylindrical resona 
tors 74, 76, 78 and 80 are each mounted below a differ 
ent one of the four nozzles so that: the ?uid jet passing 
through each nozzle impinges upon the upper rim of a 
different one of the resonators. 
FIG. 6 illustrates a modification applicable to all the 

preceding ?gures. To increase the power output from 
any of the resonant chambers, the crystal may be 
mounted on each side of the diaphragm which forms 
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the bottom of the chamber. In FIG. 6, a crystal 82 and 
a crystal 84 are mounted on opposite sides of the thin 
metal diaphragm 86. 
The improved acoustical signal generator ofthc type 

described and illustrated herein is capable of replacing 
the chemical batteries which are presently employed to 
activate fuzes and other electronic components in a 
shell or missile. Such a generator has a long shelf life, 
does not need to be charged and can be built so as not 
to be affected by shocks and vibrations. Such an oscil 
lator can be built to work at both subsonic and super 
sonic jet ?ow velocities. The improved pneumatic gen 
erator can be used on any device that ?ies through the 
atmosphere, such as airplanes, missiles, engines, heli 
copters, etc. 
While the invention has been particularly shown and 

described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 

10 

therein without departing from the spirit and scope of 20 
the invention. 
What is claimed is: 
1. An acoustical signal generator for activating a fuze 

in a missile moving through a ?uid medium comprising: 
a. ?uidic oscillator means in the missile comprising a 
resonant chamber for generating a ?uid vibration 
signal having a frequency related to the speed of 
the missile relative to the medium and wherein all 
elements of the oscillator remain stationary with 
respect to the missile, 

b. nozzle means for directing ?uid to said resonant 
chamber, and 

c. electrical transducer means responsive to said ?uid 
vibration signal to produce an electrical signal for 
activating said missile fuze. 

2. An acoustical signal generator as de?ned in claim 
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4 
1 wherein said electrical transducer means comprises 
a piezoelectric crystal. 

3. An acoustical signal generator as de?ned in claim 
1 wherein said ?uidic oscillator means comprises an 
edge tone resonator oscillator means. 

4. An acoustical signal generator as de?ned in claim 
3 wherein said edge tone resonator-oscillator means 
comprises a resonant chamber having a wall member 
positioned in the path of the ?uid jet passing through 
said nozzle means to produce said fluid vibration signal. 

5. An acoustical signal generator as de?ned in claim 
4 wherein said chamber is cylindrical. 

6. An acoustical signal generator as de?ned in claim 
4 wherein said resonant chamber further comprises an’ 7 
electrical transducer responsive to the ?uid vibration 
signal to produce an electrical signal proportional 
thereto. 

7. An acoustical signal generator as de?ned in claim 
1 wherein: 

a. said nozzle means comprises two nozzles formed in 
the nose of said missile, and 

b. said edge tone resonator-oscillator means com 
prises two edge tone resonator-oscillators each re 
sponsive to the ?uid jet passing through a different 
one of said two nozzles. 

8. An acoustical signal generator as de?ned in claim 
I wherein said nozzle means comprises four nozzles 
spaced 90° apart so that four corresponding ?uid jets 
each impinge upon a different edge of said edge tone 
frequency resonator-oscillator means. 

9. An acoustical signal generator as de?ned in claim 
8 wherein said edge tone resonator-oscillator means 
comprises four individual edge tone resonator 
oscillators each responsive to the ?uid jet passing 
through a different one of said four nozzles. 
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