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EXEMPLARY CLAIM

1. in an ordnance ammunition missile, a proximity fuze
comprising the combination of: a first proximity ele-
ment having a first antenna means for directing radia-
tion generally forwardly with respect to the direction
of missile flight, a first oscillator-detector operating at -
a first frequency and connected to said first antenna
means, said first oscillator-detector being so con-
structed and arranged that the reflected signal from a
target received by said first antenna means combines
with the signal being radiated thereby to produce a
first doppler signal at the output of said first oscillator-
detector, and a first amplifier connected to said first
oscillator-detector for amplifying said first doppler sig-
nal; a second proximity element having a second an-
tenna means for directing radiation generally laterally
with respect to the direction of missile flight, a second
oscillator-detector operating at a second frequency
and connected to said second antenna means, said
second oscillator-detector being so constructed and
arranged that the reflected signal from a target re-
ceived by said second antenna means combines with
the signal being radiated thereby to produce a second
doppler signal at the output of said second oscillator-
detector, and a second amplifier connected to said
second oscillator-detector for amplifying said second
doppler signal; an amplitude comparison circuit con-
nected to the outputs of said first and second amplifi-
ers which produces a firing signal when said outputs
attain a predetermined ratio; and a detonator con-
nected to said amplitude comparison circuit so that if
a target is in a relation to the radiation fields of the
first and second antenna means such that it reflects
signals which produce said predetermined ratio, said
firing signal will fire said detonator.

5 Claims, 4 Drawing Figures
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PROXIMITY FUZE

The invention described herein may be manufac-
tured and used by or for the Government for govern-
mental purposes without the payment to me of any roy-
alty thereon.

This invention relates to proximity fuzes and more
particularly to a type of proximity fuze which will func-
tion only in response to a preset return signal ratio.

The effort to evolve the proximity fuze into a highly
satisfactory weapon is beset with a number of appar-
ently everpresent problems. One of these problems is
the elimination of pretarget functions, that is, un-
wanted fuze functions which occur before the fuze
bearing missile has approached within effective range
of the target. Another problem is that of timing fuze
function so that the fragment spray of the missile falls
upon the target. An additional problem is that of desen-
sitizing the proximity element of the fuze when the fuze
bearing missile and the target are on collision courses,
it being a well known fact in the fuze art that an impact
function is generally more lethal than a proximity func-
tion.

Pretarget functions may be caused by characteristics
of the fuze carrying missile such as by excessive vibra-
tions or may be caused by atmospheric disturbances
such as rain or snow, or may be enemy induced by one
of the jamming methods well known to the electronics
art. Once a pretarget function occurs, regardless of the
cause, the round and its effectiveness is lost.

A doppler radio proximity fuze normally contains an
oscillatordetector adapted to radiate a particular signal
and to receive a portion of the radiated signal reflected
from a target. The received signal combines with the
signal being radiated resulting in a doppler wave, the
frequency of which is a function of the frequency of the
radiated signal and the relative velocities of the missile
and the target. The detected doppler signal is sent
through an amplifier and the output thereof impressed
upon the negatively biased grid of a thyratron tube. The
thyratron is triggered when the positive peaks of the
amplifier output are sufficiently great to overcome the
effect of the negative bias on the grid of the thyratron.
The output of the thyratron is used to function the det-
onator of the fuze and, consequently, to set off the high
explosive warhead of the missile.

With the system described above fuze function will
occur whenever a target possessing the required quali-
ties of reflectivity penetrates sufficiently deep into the
radiation field of the fuze. The burst position of the
missile with respect to the target cannot be closely con-
trolled, however. In addition, the fuze can be jammed
by any piece of electronic equipment which can effec-
tively simulate the reflected signal, that is, can cause to
be impressed upon the fuze detector the required
power at the proper frequency.

One object of the invention, therefore, is a proximity
fuze highly immune to pretarget functions.

Another object is a proximity fuze adapted to func-
tion when the target is in the shadow of the fuzebearing
missile’s fragment spray pattern.

A further object is a proximity fuze which is highly
immune to countermeasures.

One other object is a combination proximity and im-
pact fuze, the proximity element of which is adapted to
remain paralyzed during any portion of the missile
flight wherein the missile and the target are on collision
courses. ‘
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The specific nature of the invention as well as other
objects and advantages thereof will clearly appear from
the following description and drawings wherein:

FIG. 1 is a missile containing a fuze having an an-
tenna arrangement designed in accordance with the in-
vention.

FIG. 2 is a schematic block diagram of the electronic
circuitry of the fuze designed in accordance with the
invention.

FIG. 3 is a schematic view of a target entering the in-
fluence area of the fuze radiation pattern.

FIG. 4 is a schematic view of a missile and target
moving on head-on collision courses.

In FIG. 1 an ordance missile is indicated generally by
numeral 1. The missile comprises a fuze 2 and a war-
head 3, the warhead containing a high explosive charge
4 surrounded by a potentially lethal metal wall 5. The
fuze 2 contains the electronic components shown in
FIG. 2. In the prefered embodiment of the invention,
the entire missile 1 acts as a dipole antenna 6, FIG. 2,
for proximity element 7. The fuze can be thought of as
having two proximity elements 7 and 8, and a single im-
pact element 9. [t is the manner in which the three ele-
ments cooperate which provides the novelty of this in-
vention. Proximity element 7 comprises antenna 6,
oscillator-detector 10, and amplifier 11. Proximity ele-
ment 8 comprises antenna 12, oscillator-detector 13,
and amplifier 14. Antenna 12 is of the loop type in the
preferred embodiment of the invention. It is to be un-
derstood, however, that a transverse dipole antenna
could be used in lieu thereof. Both amplifiers feed into
a comparison circuit 15. The comparison circuit may
be of the type wherein two voltages enter and the out-
put is the voltage difference or, as in the preferred em-
bodiment of the invention, the comparison circuit is of
a type wherein the output voltage remains zero until
the two input signals reach a predetermined intensity
ratio. The comparison circuit actuates a thyratron 16
which discharges into the detonator 17.

FIG. 3 shows a typical radiation pattern associated
with this invention. Proximity element 7, having dipole
antenna 6, displays a laterally locking radiation pattern
indicated by lobes A. Proximity element 8, having loop
antenna 12, displays a forwardly and rearwardly look-
ing radiation pattern indicated by lobes B. The geomet-
ric intercept of the lobes is indicated by numeral 18.
Numeral 19 represents a typical target for the missile
containing this invention.

Sometime after missile 1 has left the launching
weapon, not shown, radiation from the antennae be-
gins. As the missile approaches a target the foward
looking radiation lobe first encounters the target, illus-
trated by the airplane 19 shown in FIG. 3. The target
being a radiation reflector causes some of the radiated
energy to be returned to the missile where it is com-
bined with the signal being radiated to produce a dop-
pler wave. That wave is amplified and sent into the
comparison circuit. The output of the comparison cir-
cuit is superimposed upon the grid bias of the thyra-
tron, the thyratron normally being biased to **cut off™.
As the missile and target approach nearer to one an-
other the target is seen to move into and then away
from the forward lobe B. As it moves away from lobe
B it enters lobe A. When the two doppler signals pro-
duced reach a predetermined intensity ratio the output
from the comparison circuit is of a character adapted
to overcome the thyratron grid bias so that the thyra-
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tron is triggered, the detonator is initiated, and the fuze
functions the explosive warhead of the missile.

If the critical intensity ratio is unity and the power
being radiated by the two proximity elements is equal,
fuze function should occur when the target falls upon
the geometric intercept 18 of the two radiated lobes as
seen in FIG. 3. Should one proximity element have a
greater radiating capacity or sensitivity than the other,
the disproportion can be compensated for by adjust-
ment within the comparison circuit. In like manner the
fuze can be caused to function either forward of or
rearward of the geometric intercept by making appro-
priate adjustment of the comparison circuit. If it is de-
sired to move the geometric intercept forward or rear-
ward of the line which lies at an angle of 45° with the
axis of the fuze, it is necessary only to adjust the sensi-
tivity of the two proximity clements. It is usually desir-
able to have fuze function occur when the target is in
the neighborhood of the geometric intercept as shown
in FIG. 3. This is so because the center line of the mis-
sile spray pattern normally makes an angle of approxi-
mately 45° with the axis of the missile. Depending upon
the ratio of the missile velocity and the static fragmen-
tation velocity of the missile warhead and also upon the
shape of the warhead, the center of the fragmentation
spray pattern may be at an angle less than or greater
than 45° relative to the missile axis. This being the case,
it may be desirable to have missile function occur when
the target is forward or rearward of the 45° line. That
can be accomplished in the manner described above.

Should the missile and target be moving on collision
courses the bearing of the target with respect to the
missile remains unchanged. Assuming the preset inten-
sity ratio necessary to trigger the fuze to be unity, that
ratio would not be realized when the missile and target
are on.collision courses. Proximity function would not
occur and the target and missile would collide. Impact
function would therefore be permitted.

The oscillator-detector 10 of proximity element 7 op-
erates at a frequency different from the oscillator-
detector 13 of proximity element 8. This prevents inter-
ference between the two circuits and makes jamming
more difficult. Jamming at one frequency will produce
a signal in one proximity element only. Pretarget func-
tioning will not occur because the preset ratio of signals
to the comparison circuit or comparator 15 will not oc-
cur.

It is to be understood that the principle of functioning
an ordinance fuze upon the favorable comparison of
two signals could apply equally well to passive fuzes as
to active fuzes. In other words, the utilized signals
could originate from the ground, a mother missile, or
the target itself, as well as from the weapon missile. In
addition, the utilized signals need not necessarily be
radio signals. They could, for example, be optical sig-
nals or accoustical signals, the frequency ranges not
being limited to those receivable by the human eye or
ear.

It will be apparent that the embodiments shown are
only exemplary and that various modifications can be
made in construction and arrangement within the
scope of the invention as defined in the appended
claims.

I claim:

1. In an ordnance ammunition missile, a proximity
fuze comprising the combination of: a first proximity
element having a first antenna means for directing radi-
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ation generally forwardly with respect to the direction
of missile flight, a first oscillator-detector operating at
a first frequency and connected to said first antenna
means, said first oscillator-detector being so con-
structed and arranged that the reflected signal from a
target received by said first antenna means combines
with the signal being radiated thereby to produce a first
doppler signal at the output of said first oscillator-
detector, and a first amplifier connected to said first
oscillator-detector for amplifying said first doppler sig-
nal; a second proximity element having a second an-
tenna means for directing radiation generally laterally
with respect to the direction of missile flight, a second
oscillator-detector operating at a second frequency and
connected to said second antenna means, said second
oscillator-detector being so constructed and arranged
that the reflected signal from a target received by said
second antenna means combines with the signal being
radiated thereby to produce a second doppler signal at
the output of said second oscillator-detector, and a sec-
ond amplifier connected to said second oscillator-
detector for amplifying said second doppler signal; an
amplitude comparison circuit connected to the outputs
of said first and second amplifiers which produces a fir-
ing signal when said outputs attain a predetermined ra-
tio; and a detonator connected to said amplitude com-
parison circuit so that if a target is in a relation to the
radiation fields of the first and second antenna means
such that it reflects signals which produce said deter-
mined ratio, said firing signal will fire said detonator.

2. The invention in accordance with claim 1 with the
addition of an impact element means for functioning
said detonator responsive to impact of the missile with
a target.

3. In combination with an ordance missile having an
explosive warhead, a proximity fuze comprising: a first
proximity element having first antenna means in the
nose of said missile adapted for directing radiation gen-
erally forwardly with respect to the direction of missile .
flight, a first oscillator-detector operating at a first fre-
quency and connected to said first antenna means, said
first oscillator-detector being so constructed and ar-
ranged that the reflected signal from a target received
by said first antenna means combines with the signal
being radiated thereby to produce a first doppler signal
at the output of said oscillator-detector, and a first am-
plifier connected to said first oscillator-detector for
amplifying said first doppler signal; a second proximity
element having a second oscillator-detector operating .
at a second frequency, said missile having a body to
which said second oscillator-detector is connected, said
body acting as a dipole antenna directing radiation gen-
erally laterally with respect to the direction of missle
flight, said second oscillator-detector being so con-
structed and arranged that the reflected signal from a
target received by said body combines with the signal
being radiated thereby to produce a second doppler
signal; an amplitude comparison circuit connected to
the outputs of said first and second amplifiers which
produces a firing signal when said outputs attain a pre-
determined ratio; and a detonator connected to said
amplitude comparison circuit so that if a target is in a
relation to the forwardly and laterally directed radia-
tion fields such that it reflects signals which produce
said predetermined ratio, said firing signal will fire said
detonator and ignite said warhead.
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4. The invention in accordance with claim 3 with the
addition of impact element means for functioning said
detonator responsive to impact of the missile with a tar-
get.

5. The invention in accordance with claim 4 wherein
said warhead is so constructed and arranged that the
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missile spray pattern makes an angle of approximately
45° with the missile axis, and wherein said predeter-
mined ratio is chosen so that said detonator fires when
the target is at an angle of approximately 45° with the
missile axis.

* * * * *




