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@ A fuse for a rotating projectile, having a device for detecting the presence of a target.

@ A fuse (16) has a detector device (17) compris-
ing a sensor (48) of infra-red radiation and a single
flat-convex lens (19), the refracted rays of the re-
ceived radiation of which are selectively blocked in
such a way as to allow passage towards the sensor
only of rays contained in very narrow cones of view
(45). For this purpose a plate (37) provided with a
series of angularly equidistant apertures (41) is

adapted to receive the rays refracted from a zone
(27) of the conical lateral surface (23) of the lens.
The zone (27) is adjacent the flat surface (22) of the
lens and directs the refracted rays to a cylindrical
surface (43) which reflects them towards the optical
axis (26) of the lens.
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A FUSE FOR A ROTATING PROJECTILE, HAVING A DEVICE FOR DETECTING THE PRESENCE OF A

The present invention relates to a fuse for a
rotating projectile, including a device for detecting
the presence of the target in the region of effective
action of the projectile, to control a device for
triggering detonation of the projectile.

As is known, for each configuration of the posi-
tion of the projectile with respect to the target, in
the plane passing through the trajectory of the
projectile and the target, the points at which deto-
nation has maximum effectiveness lie on a single
straight line having its origin at the target and
forming a predetermined angle with the said trajec-
tory. The detection device must therefore define
the point of intersection of this straight line with the
trajectory of the projectile.

Various devices for detecting the presence or
proximity of the target are known. In one known
device this detection is effected by the emission of
electromagnetic waves and detection of the Dopp-
ler effect in the return or echo signal, that is to say
in the envelope of the waves reflected from the
target. Since the emission of such waves is gen-
erally effected in lobes having a low directionality,
this echo can in reality define a plurality of detona-

tion positions distributed about the optimum point

in a Gaussian manner, that is to say with a high
dispersion, so that the effectiveness of the detona-
- tion triggered under the control of this detector can
be very low.

There are also known devices for detecting the
infra-red radiation emitted by the target, comprising
filters for the radiation and a series of lenses and
mirrors o receive the radiation from a wide field of
view, so that such devices are very complicated
and expensive.

The object of the present invention is that of
creating a fuse in which the detector device allows
the optimum position for detonation to be deter-
mined with extreme precision and which will be of
maximum simplicity and reliability of operation.

This object is achieved by the fuse according
to the invention, which is characterised by the fact
that the said detector device includes sensor
means sensitive to radiation in the infra-red region
of the electromagnetic spectrum emitted by the
target, and a single convex lens for receiving the
said radiation and directing it to the said sensor
means.

For a better understanding of the invention a
preferred embodiment is hereinafter described,
purely by way of non-limitative example, with refer-
ence to the attached drawings, in which:

Figure 1 is a generic diagram showing the
projectile-target configuration;
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Figure 2 is a diagram showing the operation of
the detector device of a fuse according to the
invention;

Figure 3 is a partially sectioned perspective
view of the fuse;

Figure 4 is a median section of the fuse of
Figure 3 showing the optical path of the re-
ceived radiation; and

Figure 5 is the same section as Figure 4, in-
dicating the optical path of the useful radiation.

With reference to Figure 1, a projectile, for
example an artillery projectile is generally indicated
with the reference numeral 10, which projectile
follows a trajectory 11 which, for a certain region
about the position of the projectile 10 along this
frajectory, can be considered as rectilinear. The
projectile 10 also has a rotary motion about its axis,
and therefore about the trajectory 11, as is known
for example for projectiles from guns having rifled
barrels.

The reference numeral 12 indicates a target
which can be stationary or moving. Considering, for
simplicity, the target 12 as a point, in each instant
there exists a single plane passing through the
trajectory 11 and through the farget point 12. In
Figure 1 this plane is represented with a double dot
chain l{ine and is indicated with the reference nu-
meral 13. In the plane 13 the points of detonation
at which maximum effectiveness of the projectile
10 is achieved lie on a single straight line 14
having its origin at the target point 12, which inter-
sects the trajectory 11 at a point 15 and forms with
it an angle « of predetermined size.

The projectile 10 is provided with a fuse 186
which is adapted to trigger detonation thereof and
includes a device, generally indicated with the ref-
erence numeral 17 (Figure 3) for detecting the
presence of the target 12 (Figure 1) and a device
for controlling triggering of the detonator generally
indicated 18 in Figure 3. The device 17 essentially
comprises a lens 19 having a convex external
surface 21 and a flat internal surface 22. The two
surfaces 21 and 22 are connected by alateral
frustoconical surface 23 by means of which the
lens 19 is housed in a frusto-conical seat 24 in a
support body 25. This has an outer surface formed
as a surface of revolution about the optical axis 26
of the lens 19. The seat 24 is such as to leave
exposed an annular region 27 of the surface 23
adjacent the flat surface 22.

In particular, the outer surface 21 is substan-
tially spherical with its centre at the point 28
(Figure 4) and has a radius of curvature such as to
be able to receive electromagnetic radiation com-
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ing from a wide field of view about the optical axis
26 of the lens 19, which coincides with the trajec-
tory 11 (Figure 1). The field of view of the fuse 16
is therefore represented by a cone 29 coaxial with
the trajectory 11, which is indicated in Figures 1
and 2 with solid lines the cross-section through
which, on a plane 31 normal {o the axis 25, is
indicated with the reference numeral 32.

Radiation incident on each zone of the outer
surface 21 (Figure 4) of the lens 19 includes a
principle ray 33 perpendicular to the surface 21
itself, and a bundle of rays 34 parallel to the
principle ray 33. The parallel rays of each bundle
34 which are incident in the region of the point of
intersection of the ray 33 with the surface 21,
because of the refraction of the lens 19, converge
at the same focus 36 so that they behave in a
manner almost equal to that of the axial ray, that is
they are effectively paraxial. The focal length of the
lens 19 is therefore indicated as a paraxial focal
length.

In Figure 4 radiation coming from three dif-
ferent directions a, b, c is illustrated, the principle
rays of which, indicated 33a, 33b, 33c, pass en-
tirely through the centre 28 of the lens 19. Asso-
ciated with each of these principle rays is a beam
of rays 34a, 34b, 34c parallel to them, which con-
verge therefore at foci 36a, 36b, 36¢.

The lens 19 has a thickness dimensioned in
such a way that the path of a predetermined princi-
ple ray 33 through the lens 19 itself is equal to the
paraxial focal length, and the associated focus 36a
falls on the annular zone 27. For completeness
other optical paths have been illustrated, which
terminate on the flat surface 22 and on the conical
surface 23 respecitively.

The detector device 17 includes means for
selectively blocking rays refracted through the lens
19. These blocking means comprise the conical
surface of the seat 24 of the support 25, which is
opaque and therefore non-reflecting, so that it
blocks the rays coming from outside the cone 29,
for example those coming from the direction c.

The blocking means further include a grid con-
stituted by an opaque plate 37 which is disposed in
contact with the flat surface 22 of the lens 19. The
plate 37 (Figure 3) includes a ceniral portion 38
adapted to block the whole of the radiation re-
fracted onto the flat surface 22, that is the rays
coming from a central portion of the cone 29, for
example those coming from the direction b (Figure
4).

The plate 37 further includes a portion 39 out-
side the flat surface 22 of the lens 19 and provided
with a series of apertures 41 equidistant from one
another. For example the apertures 41 can have a
substantially square form and there may be four of
them at 900 from one another. The apertures 41
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are adapted to allow the selective passage of radi-
ation along optical paths incident on the zone 27 of
the conical surface 23. For this purpose there is
disposed in the support 25, beneath the seat 24, an
annular element 42 having an internal cylindrical
specular reflecting surface 43 such as to reflect
towards the optical axis 25 of the lens 19 refracted
radiation leaving the zone 27. In Figures 4 and 5
the radiation thus reflected by the surface 43 is
indicated 44a.

Each aperture 41 of the portion 39 of the plate
37 allows the passage of a beam of radiation
coming from a given direction once for each revo-
lution of the fuse 16. Therefore the four apertures
41 allow the simultaneous passage of four beams
of radiation (Figure 2) coming from four different
directions. The width of the apertures 41 define for
each direction a cone of view 45 constituted by a
sector of the outer surface of the cone of the field
of view 29.

The width of each aperiure 41 is chosen in
such a way that its surface lies between that of the
Blur circle calculated for the preselected working
wavelength, and substantially twice this circle. As is
known, the term "Blur circle” means the area with-
in which 84% of the radiation of a predetermined
wavelength emitted by a point source positioned at
infinity is theoretically focussed. For this purpose a
spectral window is chosen which limits the radiation
band able to traverse the aperture 41, for example
by the deposition of a suitable coating (filters) on
the outer surface 21 of the lens 19.

The position of each arrival direction of the
radiation, and therefore of each cone of view 45,
can be determined with a system of polar coordi-
nates one coordinate of which, indicated as eleva-
tion, is represented by the flat angle E formed by
this direction and the optical axis 26 of the lens 19,
which therefore represents the width of the field of
view 29. The other polar coordinate, indicated as
azimuth, is represented by the dihedral angle
formed by the plane 46 including the direction of
the radiation and the optical axis 26, with the hori-
zontal plane 47 passing through the optical axis 26
itself. In Figure 1 the path of the azimuth on the
plane 31 normal o the optical axis 26 is repre-
sented A.

The detector device 17 (Figs 3 - 5) further
includes a single sensor 48 for detecting radiation
in the infra-red region of the electromagnetic spec-
trum emitted by the target 12. The sensor 48 is
disposed coaxially of the lens 19 in correspon-
dence with an aperture 49 in a plate 50, at a
position at which the reflected rays from the sur-
face 43 passing through the apertures 41 converge.
Between the plate 37 and the plate 50 is disposed
an optical integration volume 51 (Figure 4) op-
erable to allow the use of a single sensor 48 for the
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detection of the level of radiation passing through
the apertures 41. The level of radiation within the
integration volume 51 is therefore influenced only
by the portion of the scene lying in each cone of
view 45 (Figure 1) of the device 17.

The fuse 16 described above operates as fol-
lows. While the projectile 10 is in flight, the asso-
ciated rotary motion allows the dstector device 17
to scan the whole of the field of view 29. In
particular, if a target 12 emitting radiation in the
infra-red region is located within the cone of the
visual field 29 it will have to cross the surface of
this cone and therefore be within the cones of view
45 of the lens 19. Then, at each revolution of the
projectile 10 the sensor 48 creates four impulses at
a level corresponding to this radiation. The train of
these impulses has a duration equal fo the transit
fime of the target 12 through the elevation of the
cone of view 45, whilst the background of the
scenery gives a fluctuating signal level about a
median value given by the sum of the contributions
of the radiation through each aperture 41. Obvi-
ously, if the target 12 is located outside the visual
field 29 it can no longer re-enter into this visual
field during its movement along the trajectory.

The target 12 is therefore identified by the
intensity of the radiation received by the sensor 48,
whilst the phase and duration of the reception of
these signals identifies its associated distance.
Therefore the discrimination of the signals is effec-
ted at each instant by the fixed elevation of the
cone of view 45 and by the phase of the reception.

An electronic unit connected to the sensor 48
is included in the control device 18 and is adapted
to compare the received train of signals with a
threshold value to recognise the train of signals
which defines the presence of a targst 12 (Figure
1) and to define the phase of this signal train. In
dependence on the speed of the projectile 10, the
electronic unit then calculates the time taken by the
projectile fo reach the point 15 to control the deto-
nator triggering device of the projectile 10.

From what has been seen above the advan-
tages of the fuse 16 described are evident. First of
all the lens 19 makes scansion through 360° about
its axis 29 possible and also makes it possible to
work over wide angles of elevation with respect to
this axis with paraxial effectivensss. Moreover the
fuse 16 makes counter measures which may be
thought out for the target virtually ineffective inas-
much as the region of sensitivity of the detector
device 17 is determined optically and can be ren-
dered sufficiently narrow by restricting the cone of
view 45. For this purpose it is possible to dimen-
sion the zone 27 and/or the aperiures 41 in such a
way that no source of radiation oufside the target
12 can be detected during the flight of the projec-
tile 10.
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Finally the speciral window of radiation detect-
able by the sensor 48 can be chosen in such a
way as to be limited to a band in which the solar
radiation or other unwanted sources are obscured
by atmospheric absorption so that interference
from the sun or such other unwanted sources is
minimised.

it is evident that the fuse described can have
various modifications and improvements introduced
thereto without departing from the ambit of the
invention. For example the portions 39 of the plate
37 can be provided with a single aperture 41 or
with a different number of such apertures: six ap-
ertures disposed at 60° from one another, eight
apertures at 45° etc. Moreover the apertures 41
can have a rectangular or circular form whilst the
specular cylindrical surface 43 can be obtained
directly on the support 25. In turn the cylindrical
surface 23 can be provided with a series of circum-
ferentially equidistant reflecting sectors intercalated
with non-reflecting sectors to allow selective reflec-
tion of the radiation. In this case the plate 37 can.
be limited to the central zone 39 in contact with the
flat surface 22. Finally the electronic unit can be
programmed in such a way as to make the angle «
of the straight line 14 (Figure 1) of maximum effec-
tiveness of detonation coincide with the elevation E
of the cone of view 45.

Claims

1. A fuse for a rotating projectile, including a device
for detecting the presence of a target in the region
of effective action of the projectile to conirol a
device for triggering detonation of the projectile,
characterised by the fact that the said detector
device (17) includes sensor means (48) sensitive fo
radiation in the infra-red region of the eleciromag-
netic spectrum emitted by the said target (12), and
a single convex lens (19) for receiving the said
radiation and directing it to the said sensor means.
2. A fuse according to Claim 1, characterised by
the fact that the optical paths of the said radiation
received by the said lens (19) are selectively bloc-
ked by blocking means (24, 37).

3. A fuse according to Claim 1 or Claim 2, charac-
terised by the fact that the said lens (19) has a flat
surface (22) and a convex surface (21) which has a
radius of curvature such as to receive the said
radiation with paraxial efficiency from a wide field
of view (29) coaxial with the optical axis (26) of the
lens.

4. A fuse according to Claim 3, characterised by
the fact that the said radius of curvature is such
that the optical path of a principle ray 33 of the
said radiation with is not blocked by the said bloc-
king means (24, 37) intersects the said convex
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surface (21) substantially at right angles and
passes through the said centre of curvature (28).

5. A fuse according to Claim 4, characterised by

the fact that the said lens (19) has a thickness such

that in each direction the optical path of the said 5
principle ray (33) inside the lens is equal to the
paraxial focal length of the lens itself.

6. A fuse according to Claim 5, characterised by

the fact that the said lens (19) is further limited by

a frusto-conical lateral surface (23) housed partially 70
in a complementary opaque seat (24) of a support

(25), the said blocking means comprising the said

seat (24) and a grid (37) adapted to block entirely

the radiation refracted onto the said flat surface

(22). 15
7. A fuse according to Claim 6, characterised by

the fact that the said lateral surface (23) includes

an annular region (27) outside the said seat (24),

the radiation received by the said annular region
being selectively optically blocked in such a way 20
as to allow the said sensor means (48) to receive
radiation thus reflected and coming from a deter-
mined direction at least once during each revolu-

tion of the projecitile.

8. A fuse according to Claim 7, characterised by 25
the fact that the said annular zone (27) is adjacent

the said flat surface (22), the said grid (28) being
disposed in contact with the said flat surface.

9. A fuse according to Claim 8, characterised by

the fact that adjacent the said annular zone (27) is 30
disposed an element (42) having a specular inter-

nal cylindrical surface (43) adapted to reflect radi-

ation refracted by the said annuiar zone towards

the optical axis (26) of the said lens (19).

10. A fuse according to Claim 9, characterised by 35
the fact that the said grid is constituted by a plate

(37) having a central portion (38) and a peripheral

strip (39) outside the said flat surface (22) and
provided with a series of equidistant aperiures (41)

to allow the selective passage of the optical paths 40
selected by the said cylindrical surface (43).

11. A fuse according to Claim 9, characterised by

the fact that the said cylindrical surface (43) is
constituted by a series of equidistant circumferen-

tial reflecting sectors intercalated with opfically 45
non-reflecting sectors to allow selective reflection

of the optical paths of the said radiation.

12. A fuse according to Claim 10 or Claim 11,
characterised by the fact that between the said
plate (37) and the said sensor means is disposed 50
an optical integration device adapted to allow the

use of a single sensor (48) for detection of the
levels of radiation reflected from the said cylindrical
surface (43).

13. A fuse according to Claim 12, characterised by 55
the fact that the said control device (18) includes

data processing means controlled by the sequence

of signals emitted from the said sensor (48).
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