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(57) ABSTRACT 

In combination a spin arming fuze which completes its 
arming after the setback force thereon terminates and 
an energy supply for detonating the fuze which is de 
rived from a pressure transducer that is activated by the 
application and release of the setback force. Effec 
tively, the piezoelectric crystal is loaded during setback 
and the resulting energy charge is bled off through a 
shorting bar responding to the setback. Subsequently, 
upon unloading, the crystal collects an opposite charge 
which is stored therein much like in a capacitor. This 
stored charge is then employed to activate the armed 
fuze upon impact of the projectile. 

6 Claims, 9 Drawing Figures 
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FUZNG SYSTEM FOR STABLAED ANT-TANK 
AMMUNTION 

The invention described herein may be manufac 
tured, used and licensed by or for the Government for 
governmental purposes without the payment to us of 
any royalty thereon. 

BACKGROUND OF THE INVENTON 

The present invention relates to a projectile fuzing 
system and more particularly pertains to a fuzing sys 
tem wherein an in-bore charge is induced in a piezo 
electric element, the detonator armed, and instanta 
neously electrically activated by the charge in the pi 
ezoelectric element upon target impact. 

In the field of arming and detonating anti-tank am 
munition it has been the general practice to employ 
fuzes which were designed to function with fin stabi 
lized ammunition but, they have been found to be unre 
liable and unsatisfactory when used with spin stabilized 
ammunition. There is no present satisfactory fuze or 
method to reliably arm and function this form of am 
munition. 

SUMMARY OF THE INVENTION 

The general purpose of this invention is to provide a 
fuzing system that has all the advantages of similarly 
employed prior art devices and has none of the above 
described disadvantages. To attain this, the present in 
vention provides a unique arrangement of an electrical 
energy supply which generates an initial charge from a 
piezoelectric element loaded during projectile setback 
but short circuited during this period. At the same time 
the detonator which is carried by the fuze rotor remains 
unarmed since the setback creates a braking force 
many times that of the arming force induced by spin. 
When the projectile reduces its acceleration the piezo 
electric short is removed and an opposite charge is per 
mitted to build up and retained across the element. One 
face of the piezoelectric element is connected to a con 
tact leaf proximate the detonator which remains 
grounded until the rotor arms. Upon leaving the barrel 
the detonator is armed by the rotor turning and posi 
tioning the electrical element of the detonator into di 
rect contact with the leaf and the piezoelectric ele 
ment. The other face of the element is connected to an 
impact switch which, upon impact connects that side to 
"ground," to complete the circuit and apply the charge 
to the detonator to instantaneously activate the same. 
An object of the present invention is to provide a reli 

able, simple, direct and relatively inexpensive fuze sys 
tem for spin stabilized anti-tank ammunition. 
Another object is to provide an instantaneously oper 

ative electrical fuzing system for spin stabilized ammu 
nition in which the fuze is not completely armed until 
it is a safe distance from the launching tank. 
Other objects and features of the invention will be 

come apparent to those skilled in the art as the disclo 
sure is made in the following detailed description of a 
preferred embodiment of the invention as illustrated in 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWENGS 

FIG. 1 is a cross-sectional view of a portion of a typi 
cal anti-tank projectile with an embodiment of the 
present invention mounted therein; 
FIG. 2 is a cross-sectional view of the fuze assembly; 

5 

O 

15 

25 

30 

35 

40 

45 

50 

55 

65 

2 
FIG. 3 is a cross-sectionl view of the control power 

supply assembly; 
FIG. 4 is a graph showing the acceleration and the pi 

ezoelectric voltage against time; and 
FGS. 5 through 9 are schematic representations of 

the various switches and the detonator during projec 
tile stages from rest to free flight. 

BRIEF DESCRTPION OF A PREFERRED 
EMBODIMENT 

in the illustrated embodient of FG. the forward 
portion 10 of a typical high explosive anti-tank 
(HEAT) projectile has disposed in the nose section 1 1, 
a control power supply assembly 12 whose casing or 
housing is in electrical contact with the metal outer 
projectile assembly 13. Electrical wire 14 extends from 
the supply terminal 15 to the fuze assembly 16. Since 
this ammunition is intended to penetrate steel plate, the 
rear positioned charge 17 is formed by liner 18 to pro 
vide a jet-like burst directed forwardly upon impact. 
For this purpose there is provided a standoff distance 
between the shaped charge and the projectile tip. In 
order to insure proper jet blast configuration, the 
charge must be activated instantaneously on impact to 
preserve the standoff. Any mechanical or wave propa 
gation from the nose to the fuze for activation would 
consume too much time relative to the projectile speed 
at impact and would result in an effective, substantial 
shortening of the standoff distance thereby defeating 
the primary purpose of the ammunition and distortion 
of the jet blast due to incomplete formation. It is clear 
therefore that a high speed triggering of the detonator 
is essential for effective blast penetration. Electrical ac 
tivation satisfies this limitation. For this purpose a for 
ward nose power supply is employed to activate the 
rearwardly disposed fuze assembly. 
The fuze assembly 16 is shown in FIG. 2 wherein de 

tails other than those necessary for purposes of this dis 
closure have been deleted. A rotor assembly 20 
mounted for rotation about a center axis 21 is sup 
ported within a metallic housing 22 and carries for ro 
tation therewith an electrically activated detonator 23. 
The detonator case is electrically connected to the 
housing 22 which in turn is electrically affixed to the 
projectile casing and is provided with an extending con 
tact tip 24. Plate assembly 25 supports centrally thereof 
a leaf contact 26 which is fixed at one end 27 and con 
nected through to terminal post 28 where lead 14 is 
connected. All of these contacts and elements are insu 
lated from the fuze assembly housing 22. The leaf con 
tact is biased inwardly so as to normally contact post 29 
which is connected to the housing. Although not 
shown, the detonator contact tip 24 remains connected 
to the assembly housing except when the detonator is 
rotated to abut insulator (not referenced) contained in 
post 29 and displaces the leaf contact 26 from the post 
29 and electrically connects the detonator contact tip 
24 with the leaf contact 25 (when the rotor operates). 
Thus, upon rotor rotation, the detonator is physically 
positioned to be in-circuit explosively aligned and 
ready to be electrically activated. 

In the illustrated embodiment of the control-power 
supply of FIG.3 the cylindrical housing 30 hermetically 
seals therein a terminal 31 which extends outwardly of 
the housing, is threaded into a metallic anvil 32, and 
passes through a glass seal 33, holder terminal 34, and 
the anvil insulator 35. Disposed in abutting relation to 



3,742,857 
3 

the inner surface of the housing 30 is a sleeve insulator 
36 whereby the components including the anvil 32 are 
electrically isolated from the housing. The anvil 32 is 
formed with a forward annular recess in which is dis 
posed a piezoelectric element 37 whose peripheral sur 
face is insulated from the forward anvil extension 38 by 
ring insulator 39. One active piezoelectric element face 
40 abuts the forward end of the anvil while the opposite 
face contacts the flat face 41 of metallic fulcrum 42 
whose opposite face has two recesses. One of these re 
cesses 43 is rearwardly directed but short of the periph 
eral piezoelectric element edge to provide for the 
movement of the flexible leg 47 of shorting bar 46 to 
contact extension 38 of anvil 32. The other recess 44 
of the fulcrum 42 mates with the extention 45 of the 
electrically conducting shorting bar 46 to orient the 
flexible leg 47 with recess 43. Since the shorting bar is 
in electrical contact with one face of the piezoid 39 via 
the fulcrum and the anvil 32 is in contact with the other 
face thereof, then, when leg 47 contacts extension 38 
the piezoelectric element effectively shorted. 

Intermediate the inertial sphere 48 and the shorting 
bar 46 is metallic disc 49 which is supported thereat by 
abutting metallic ram 50 that in turn is held fast by an 
nular insulator 51 bearing against metallic switch disc 
52. Disposed and supported between the ram 50 and 
the insulator 51 is an impact switch member 53 which 
is essentially a thin metallic disc having a central por 
tion in the shape of an "H" deleted so as to provide a 
pair of integral spring like fingers 54 and 55. These fin 
gers under the action of the sphere moving forward will 
be brought into direct, intimate contact with disc 52 
which is in electrical contact with the housing 30. This 
latter contact results in connecting the one electrode 
face of the piezoelectric element 37 to the housing 30 
through the switch 53, ram 50, disc 49, shorting bar 46 
and fulcrum 42. 
FIG. 4 indicates the projectile acceleration and the 

voltage generated by the piezoelectric element as a 
function of time from just prior to firing to free flight. 
Curve 60 indicates the acceleration of the projectile 
and dashed curve 61 the generated piezoelectric ele 
ment voltage. Prior to firing (period A) the projectile 
is at rest and the piezoid voltage is zero with the electri 
cal contacts as shown in FIG. 5. The control power sup 
ply electrical condition is identical with that of FIG. 3 
where all the "switch" contacts are open or in their 
normal positions. The fuze condition is such that the 
detonator tip 24 is "grounded' or connected to the 
projectile casing. Similarly, the contact leaf 26 con 
nects the lead wire 14 to "ground" by remaining in 
contact with post 29 due to its self-biasing. 
The projectile is fired, and when it attains an acceler 

ation of approximately 6,000 g's (period B), leaf con 
tact 26, under the setback forces (inertial) generated, 
moves rearwardly, contacts the fuze housing and effec 
tively remains "grounded." Additionally, the piezo 
electric element is compressed between the anvil 32 
and the inertial mass of the elements forward thereof 
which are free for limited movement. This compression 
generates a positive potential across the piezoelectric 
element faces which increases to a maximum of about 
1,000 volts. During the period B the electrical contacts 
move from positions shown in FIG. S through those of 
FIG. 6 to the positions shown in FIG. 7. 
The shorting bar 46 is designed to short out the pi 

ezoelectric element by the rearward movement of its 
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4. 
leg 47 against the anvil 32 when acted upon by a force 
of approximately 15,000 g's. (See period C and FIG. 
7). This shorting action reduces the generated voltage 
to zero, and it remains in this state until the accelera 
tion is again reduced to below 15,000 g’s whereupon 
leg 47 of the shorting bar 46 returns to its normal posi 
tion and removes the piezoelectric element short (see 
FIG. 8). As the compression on the piezoid is released 
by the reduction in acceleration, an opposite or nega 
tive potential is generated which increases in magni 
tude during the period D while all the contacts and 
switches remain fixed. Thus the potential is permitted 
to build up negatively across the piezoelectric element 
(acts like a capacitor). Period D terminates as the pro 
jectile exits the gun barrel at which time the projectile 
acceleration ceases and contact leaf 26 returns to its 
normal upper position (FIG. 5). Since the projectile is 
now at full spin and the braking force imposed by set 
back on the rotor assembly 20 has been removed, the 
rotor precesses to the armed position and the detonator 
contact tip 24 engages contact leaf 26, depressing it 
from contact post 29 (FIG. 9). It is clear that for the 
free flight to the target, the fuze system is armed since 
one side or terminal of the piezoelectric element is con 
nected to the detonator tip 24 and the other side is con 
nected to the body of the detonator 23 through the im 
pact switch ground. All shorts have been removed, the 
piezoelectric element is charged and the explosive train 
is aligned. All that is necessary for activation and deto 
nation is for the fingers of the impact switch 53 to con 
tact "ground," which event occurs when the projectile 
impacts the target and sphere 48 translates forwardly 
carrying with it the fingers 54 and 55 or for a "hard" 
target the projectile envelope is crushed against the im 
pact switch. It should be noted that if the projectile 
should result in a dud, the fuze will disarm itself by the 
action of the the rotor return mechanism which having 
been retracted by spin, returns the rotor to its initial po 
sition in the absence of projectile spin. 

It should be understood, of course, that the foregoing 
disclosure relates to only a preferred embodiment of 
the invention and that numerous modifications or alter 
ations may be made therein without departing from the 
spirit and the scope of the invention as set forth in the 
appended claims. 
We claim: 
1. A fuzing system in combination with a spin stabi 

lized metal housed anti-tank projectile which com 
prises: 
a control power supply including, 
a source of electrical energy having a pair of termi 

nals, 
an inertial switch connected across said source for 
shorting the same only when subjected to an ac 
celeration in excess of a specific magnitude, 

an impact switch having one contact connected to 
one of said terminals of said source and having 
another fixed contact whereby upon impact said 
one and said fixed contact are connected, 

a fuze including; 
an electrical detonator having two contacts and ca 
pable of assumming one of two positions, a first 
steady state position and another position depen 
dent on the spin of said projectile wherein said 
contacts are spin connected, 

an inertial leaf switch having a movable inertial leat 
contact, a pair of opposed spaced apart electri 
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cally connected stationary contacts wherein said 
leaf contact will abut one of said stationary con 
tacts, said leaf contact being disposed in the path 
of said detonator, 

whereby when said detonator assumes said another 
position one of its said contacts will mate with 
said leaf contact and prevent contact thereof 
with said stationary contacts, 

electrical means connecting together said fixed 
contact of said impact switch, the other contact 
of said detonator and said stationary contacts of 
said inertial switch, 

second electrical means connecting the other ter 
minal of said source and said movable leaf con 
tact. - 
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2. The fuzing system according to claim 1 wherein 

said source of electrical energy is a piezoelectric ele 
ment for generating energy under setback and release 
of setback. 

3. The fuzing system according to claim 2 comprising 
a rotor, wherein said detonator is supported on and car 
ried by said rotor for rotation therewith. 

4. The fuzing system according to claim 3 wherein 
said impact switch includes a biased inertial element. 

5. The fuzing system according to claim 4 wherein 
said metal projectile constitutes a portion of the cir 
cuitry of said first electrical means. 

6. The fuzing system according to claim 4 wherein 
said inertial element is a sphere. 

s k ax 


