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[57] ABSTRACT

A method and system is disclosed for guiding a spin-
ning in-flight projectile by determining the deviation
of the projectile from an optimum trajectory along
which the projectile would impact a target, and trans-
mitting a signal to the projectile to subject the projec-
tile to a correctional impulse acting substantially
through the center of gravity of the projectile of suffi-
cient magnitude to translate the projectile toward the
optimum trajectory.

20 Claims, 8 Drawing Figures
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1
LASER-GUIDED PRQJECTILE SYSTEM

This application is a continuation-in-part from my
copending application, Ser. No. 214,619, filed Jan. 3,
1972 now abandoned.

The present invention relates generally to guided
projectile systems, and more particularly to a novel
laser guided projectile system capable of guiding a spin-
ning in-flight projectile toward an optimum trajectory
along which the projectile would impact a target.

The use of various types of projectiles against
manned and unmanned aircraft targets has a long tradi-
tion. The advent of guns with high firing rates during
World War Il signalled a change in weapon effective-
ness. Guns firing projectiles of 20 and 40 millimeter
caliber became quite useful against all types of aircraft
targets.

In recent times, however, the effectiveness of such
guns against manned aircraft, pilotless ramjet or liquid-
rocket-propelled aircraft has diminished.

This arises from three factors. First, the speed of the
various aircraft is significantly higher than in World
War Il (namely about 650 mph vs. about 300 mph.)
Second, the aircraft are sometimes pilotiess, have auto-
matic terminal homing systems and are of considerably
heavier construction, thus rendering them more invul-
nerable to projectile impact. Third, even with the high
firing rates presently obtainable with modern Gatling
guns, the dispersion, or average angular error of a sta-
tistical sample of projectiles fired from the gun, is ordi-
narily too large in magnitude to allow sufficient hits to
be scored.

This invention relates to a relatively simple, yet effec-
tive projectile or missile guidance system which is de-
signed to reduce the dispersion error and hence allow
more hits to be scored on any target, thus providing a
more effective means for destroying such targets.
While aircraft targets are one type against which the
guidance system would be particularly useful, ground
and naval targets could also be more effectively at-
tacked.

Many guidance systems have been proposed for mis-
siles and projectiles. In the case of projectiles, most of
these are useful only for larger calibers, (greater than
3 inches in diameter), whereas the optimum calibers
for the high-rate-of-fire guns are generally less than 40
millimeters. Thus there is a need for a guidance system
which would be feasible with both large and small cali-
bers, and yet sufficiently compact, light-in-weight, sim-
ple and reliable in design, and low enough in manufac-
turing cost to be a practical improvement. In the fol-
lowing description, the system is particularized to a
projectile fired from a gun. The invention, however, is
also applicable for the guidance of a spinning rocket,
or missile, and the word ‘projectile’ when used in the
following description, should be understood to include
such spinning rockets or missiles.

This invention, then, relates to a method and system
for guiding a projectile in flight so that the natural dis-
persion or scatter of a number of sequentially-fired pro-
jectiles is reduced substantially, so that more hits are
registered on the target. The principal object of the in-
vention is to provide a sufficiently simple, small and
lightweight system so that a reasonably small caliber,
such as a 20, a 35, or a 37 millimeter diameter projec-
tile, can be effectively guided to a target by the use of
a laser beam.
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It is assumed that means are provided for tracking the
projectiles to the target, such as by the use of doppler
radar, or passive optical or infrared tracking of the pro-
jectiles by the use of radiation sources in the projec-
tiles, which tracking system would provide the informa-
tion for the proper positioning of the guiding laser
beam, by a servo-actuation device, so as to enable cal-
culation of the correct lead angle for the optimum in-
terception of the target by the projectile or projectile
stream. Such systems are in a practical state of deveiop-
ment. The computation of the trajectory of the projec-
tile, including deceleration due to air drag, and calcula-
tion of the target position, including lead angle, and so
forth, and the determination of the optimum aiming di-
rection is straightforward and reduced to practice and
would require no further explanation to those reason-
ably skilled in this art.

Another object of the invention is to utilize light from
a narrow, rectangular or other suitably-shaped cross-
sectioned, collimated, circularly-sweeping laser beam
to provide directional information to a compact sensing
system in a projectile in such a way that sufficient guid-
ance can be imparted to the projectile so that it will
more probably impact with the intended target.

A further object of the device is to provide a system
by the use of a circularly-sweeping, collimated laser
beam with rectangular or other suitable cross-sectional
area and a computer which is programmed with the
specific ballistic data of a given projectile and mea-
sured initial velocity of the projectiles so that optimum
guidance is given to the projectile, taking account of
the statistical spread or scatter of the projectiles about
the given aim direction of the barrel or barrels of the
firing gun system.

A still further object of the invention is to provide a
countermeasure-proof guiding laser beam by the use of
an intermittent modulation or pulsation of various
wavelengths within the laser beam, by either an ampli-
tude modulation or a coded sequence.

Such signals would be transmitted through the earth’s
atmosphere at the ranges of interest with a high proba-
bility. Included in this information would be the angle
of the projectile from the center of the laser beam, said
angle being measured from the projected vertical in a
plane perpendicular to the beam and passing through
the projectile; also a reference vertical by sensing the
earth’s magnetic ficld intensity at both the laser and the
projectile by the use of a rotating Helmholz coil at each
location.

A still further object of the invention is to provide, by
means of small optical detectors, filters, light-sensitive
cells, and a magnetic intensity coil, coupled with suit-
able, compact, and reliable integrated or miniaturized
circuitry to activate one or more discrete radial im-
pulses, which are produced by the acceleration of small
masses, employing propellant or high explosive ener-
gies so as to provide small changes in velocity of the
projectile in a direction normal to or perpendicular to
the direction of motion of the projectile along its trajec-
tory or flight path.

Yet another object of the invention is to provide a
projectile having novel impulse reaction means thereon
responsive to a predetermined signal to effect a net im-
pulse force on the projectile which passes substantially
through the center of gravity of the projectile.

These and other objects of the invention will become
apparent to persons skilled in the arts and techniques
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of lasers, gunnery, rocketry, and gun control systems by
reference to the following description when taken with
the accompanying drawings which illustrate the inven-
tive principle.

FIG. 1 illustrates a projectile firing system in accor-
dance with the present invention having a rectangular
laser guidance beam scanning in circular fashion about
a chosen point on an optimum trajectory for projectile
impact;

FIG. 2 is a side elevational view of one embodiment
of a projectile containing a guidance system in accor-
dance with the present invention, windows to accept
the laser signals being shown on the boatail, and three
guidance masses being located on a plane passing
through the center of mass of the projectile;

FIG. 3 is a diagramatic view illustrating the method
of generation of the beam, encoding various guidance
information, and development of the circular scan of
the rectangular laser beam;

FIG. 4 depicts a pair of graphs. In the graph denoted
by (A), the waveform shown is a voltage across a spin-
ning Helmholtz coil, which cuts the earth’s field lines.
This coil is located in the projectile. In graph (B), the
voltage across a similar coil mounted at the laser beam
source is shown. The vertical line on each graph repre-
sents the electrical signal when the coil is in the refer-
ence vertical position;

FIG. 5 is a 90° sectional view looking down-range to-
ward the target. The spinning projectiles are statisti-
cally scattered about their optimum trajectory (at the
origin of the coordinates in this figure). The inter-
cepted rectangular laser beam transmits to the projec-
tiles information as to their individual coordinates, as
well as the range to the target and information as to
true reference vertical;

FIG. 6 is a cross-sectional view of the projectile,
looking down-range. A small mass is shown being ex-
plosively projected at an appropriate spin angle of the
projectile causing it to translate toward the origin,
which represents the optimum trajectory for target im-
pact;

FIG. 7 is a perspective view of a projectile containing
a guidance system in accordance with another embodi-
ment of the invention; and

FIG. 8 is a partial transverse sectional view taken
substantially ‘along the line 8—8 of FIG. 7.

In order to simplify the description of the system, a
particular projectile will be chosen, and a particular
laser beam system, and also a particular number of
guiding wavelengths and impulses and so forth, how-
ever, it is understood that the system may be usefully
employed with other projectile calibers, lasing wave-
lengths, number and coding of the guiding impulses,
particular geometries of the guiding laser beam, and so
forth. The caliber described in the following descrip-
tion is 37 millimeters, because such a round has suffi-
cient size and weight to easily accommodate the guid-
ance system, although smaller or larger projectiles
could also be used if desired. The type of round chosen
to describe the present invention is basically a high-
explosive-filled shell, with a shell-destroying tracer and
a point-detonating fuze.

For a given gun aiming situation, the ballistics of the
projectiles are quite accurately known, but due to the
random processes, involving small differences in effects
of powder load, projectile shape and mass, frictional
forces as the projectile leaves the gun, small differences
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in effects of cloud water, small differences in frictional
force due to fluctuations in wind and air density, the
stream of projectiles will tend to scatter about the aim
direction, such scatter being known as the dispersion of
the projectiles and is an accurately measurable quan-
tity, by the performance of a test with many rounds. It
is of importance for the proper description of the guid-
ance system to estimate the magnitude of this disper-
sion. In general, for a practical gun or missile system,
it will be an angle of about 5 to 15 milliradians, by
which is generally meant that in travel along its trajec-
tory, the projectile or missile will tend to deviate in a
statistical manner about 5 to 15 feet in every 1,000 fect
of travel. Thus, if a small velocity can be imparted in
some simple and accurate and reliable manner which
is of magnitude 5 to 15 thousandths of the instanta-
neous projectile velocity, the projectile course could be
corrected.

For clarity of exposition and description, the compo-
nent systems of the laser guidance system are sepa-
rately described. These are, first, the laser guidance
beam, second, the projectile laser illumination sensing
system, and third, the projectile detonation impulse
system. A specific system is chosen, which may or may
not be optimum, in order to better demonstrate the
workability, feasibility, and utility of the guidance
method and hence some of its advances over the pres-
ent state of the art.

With the goal of providing a useful beam with the
minimum of equipment, a specially-modified argon-ion
laser is employed. The laser tube 1, consists of a gas
reservoir 2, connected to a precision-bore, air-cooled
quartz tube 3, having an inside diameter of about 5 cen-
timeters and a length of about 75 centimeters. Electron
flow for the unit is from a hot cathode 4, through the
active lasing region to the anode 5. A bypass tube on
one end of the laser tube is connected to a reservoir to
equalize the gas pressure and to improve the pumping
efficiency. A ground, located near the bypass tube
forces the electrons to flow through the quartz tube.
Confocal optical resonators 6, are externally mounted
so that the laser light may pass through the end quartz
window which is mounted at the Brewster’s angle 7.
The voltage required to pass the current through the
tube is about 12 kV and is supplied through a resistor.
A coil of wire, 8, wrapped around the quartz tube 3,
supplies a continuous radio-frequency energy required
to produce ionization of the argon gas contained within
the quartz tube.

Gas pressure can be varied to effect optimization of
the lasing action. Light output from such a laser is given
by the following table: '

TABLE 1

SPECTRAL OUTPUT OF ARGON ION LASER

Wavelength (A) Color Relative Power Output
(% of Total Beam)
4658 Very Faint 1
Violet
4765 Dark Blue 13
4880 Blue 35
4965 Blue-Green 11
5017 Blue-Green 8
5145 Green 32

The power which is scattered out of the beam re-
duces the propagation power of the primary beam from
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about 0.02 decibels per kilometer to about 3 decibels
per kilometer for a clear to a light-hazy atmosphere.
Because of the fact that the scattering losses depend on
the inverse fifth power of the wavelength, it is prefera-
bly to operate the system at wavelengths in the optical
region rather than in the ultraviolet. Use of the near in-
frared region is also possible since there are room-
temperature detectors which operate in this region.
Continuous gas lasers such as those employing carbon
dioxide, nitrogen, helium or water vapor, which pro-
duce monochromatic light at 10,600 A, have attenua-
tion losses which are larger than those for wavelengths
in the visible spectrum, but these could also be em-
" ployed. To achieve a system which is nearly impossible
to countermeasure, three or more wavelengths may be
employed simultaneously. In the case of the argon-ion
laser, these might be the 5145 A, 12; the 4965 A, 13;
and the 4880 A, 14 lines. These are produced with high
efficiency as shown in TABLE 1.

Spectral filters 19, using interference layers can be
utilized to absorb other wavelengths. The above three
wavelengths would then transmit, in a manner ex-
tremely difficult to counter-measure, the various neces-
sary input data to the projectile.

To effect pulse coding of the laser beam, the laser it-
self may be pulsed at high rates, electrically. Pulses of
length between 0.4 and 3 microseconds are easily pro-
duced with an argon-ion laser. The output power is re-
lated, in such a mode of operation, to the gas pressure
and the peak anode current.

An alternate method for producing a train of pulses,
either coded or uncoded, is by the use of three or more
mechanical beam choppers or sectored filter discs 9
which are rotating at various angular rates and through
which the beam passes.

The light energy from the laser can be concentrated
into a very narrow beam 10. The angle subtended by
the beam at the ranges of interest for this device is pri-
marily dependent upon the quality of the optics in the
laser apparatus, but also upon fluctuations in the den-
sity in the atmosphere, (refractive or bending effects),
and to energy loss due to interactions from scattering
processes with small density fluctuations or particulate
matter such as dust or water droplets as the scattering
centers. The angular width 11, of the rectangular laser
beam can be quite small. For the application described
here, an angle of one milliradian would be easily ob-
tainable.

Since the laser beam intercepts air density fluctua-
tions or concentrations of particulate matter suspended
within the atmosphere, a certain fraction of the beam
power is scattered out of the beam and lost, however
the scattered intensity is in the generally forward direc-
tion of propagation.

As the projectile moves outward in the general direc-
tion of the target 15, it will be in the circularly sweeping
rectangular laser beam, the center of rotation of this
beam being directed toward some point on the opti-
mum trajectory 16 to the target, as calculated by the
system computer 17. Some radiant energy is attenuated
or scattered out of the laser beam, as has been dis-
cussed previously. However, a sufficient fraction of the
laser beam energy is intercepted and transmitted
through a small window or windows 18, located, for ex-
ample, on the projectile boatail. Such a window or win-
dows may be constructed from any number of materials
including glasses, fuzed silica, or quartz. The optical ra-
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diation is focused on the sensitive photodetector ele-
ment 19. This again could be chosen from among a
wide variety of currently available materials. Lead sele-
nide, or lead sulphide photoconductive cells are two
detectors which would be responsive to radiation from
the argon-ion laser, and could be used at room temper-
atures, not ordinarily requiring cooling. The electrical
signals from such light sensitive cells are then amplified
by microcircuit amplifiers, then processed by state-of-
the-art modular circuits 20 which may be presently oh-
tained from many industrial sources and are easily in-
terconnectable to produce the functions required by
the system. Such circuit elements are extremely light-
weight, use very low electrical currents, and are ex-
tremely compact, because of the recent advances in
this art, now including many extremely complex and
very small circuits employing what is known as large-
scale-integration. This is mentioned because this inven-
tion is only possible in practice by the use of advanced
modular or other microcircuit techniques.

If the laser radiation is of the appropriate wavelength
and modulation, and a certain pulse length as deter-
mined by the rate of spin of the projectile and the nar-
rowness of the rectangular beam and distance away
from the center of rotation of the primary axis of the
laser beam, then an electrical firing pulse is appropri-
ately delayed and then conducted to a particular minia-
ture detonator 21, in the guidance band 22, the detona-
tor being chosen s0 as to effect the optimum discrete
change in the radial impulse delivered to the projectile.
The correctional impulse needs to be chosen in such a
way that the projectile will impact the target with a
much improved probability. This can be done by the
use of different correcting masses in the guidance band,
or different amounts of explosive which propel said
masses or possibly both. Because of the fact, as was
pointed out earlier, that the laser radiation is mainly at
small angles to the direction of the optimum trajectory,
it is advantageous for the small window or windows of
the guidance system iin the projectile to accept radia-
tion from the direction opposite to the direction in
which the projectile is moving. Such a window or win-
dows could be easily mounted on the rear end or boa-
tail of the projectile.

In the following, consideration is given of how this
guidance might be effected in practice. It is assumed
that the guidance system is installed into a 37 millime-
ter projectile 23. A typical velocity of this projectile is
3,000 feet per second. It is assumed in this analysis that
the target is fixed at a range of 2,000 feet. The projec-
tile will take approximately 0.66 seconds to reach the
target if the latter is fixed and the gun will have to be
elevated about 4 mils, if the target and gun are approxi-
mately at the same elevation, to compensate for the ef-
fect of gravity during the projectile flight. As shown in
FIG. 1, the laser beam will be directed at an appropri-
ate angle so that at or near the midpoint of the projec-
tile flight 24, for example, any corrections in azimuth
or elevation angle can be applied to the projectile by
the discrete radial impulse system to bring it more
nearly onto the optimum trajectory.

In order to determine the radial distance of the pro-
jectile away from the optimum trajectory at the half
range position, the laser beam, of rectangular cross sec-
tion 25, in a plane perpendicular to the direction of the
propagating light beam, is rotated at a frequency f,.
This can be accomplished simply in practice by passing
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the beam through an aperture 27 to render it rectangu-
lar in shape, then through a device known as a beam ex-
pander, if necessary, to increase the long dimension of
the rectangle, and then through a rotating dove prism
28, or equivalent mirror array, which will rotate the
whole rectangular beam about the center of rotation
26, which, for the example chosen, is placed on the tra-
jectory midpoint. (FIG. 1)

The small window or windows located on the boatail
of the projectile intercept and filter the various wave-
lengths providing signals to the various amplifier chan-
nels and microcircuit decision elements within the pro-
jectile. - - e - .

The pulse length of the green line at 5145 A depends
upon the frequency of rotation of the dove prism f, 28,
the width of the scanning rectangle, 11, and the radial
distance from the point of optimum trajectory, r.

In order to effect a small correctional velocity small
masses 30, are ejected radially from the projectile at an
appropriate time. Because of the requirements of small
space, weight, complexity and fabrication cost, only a
limited number of correcting impulses are given to the
projectile.

Let us assume, for the purposes of this description
that there are three masses, perhaps made of steel or
brass, and accelerated by small amounts of propellant
or high explosive 31. Explosive weights of perhaps
twice to three times the weights of the guidance masses
would be appropriate. The explosive might be a secon-
dary type initiated by a microdetonator which may
have a wide variety of component explosive com-
pounds, such as lead styphenate, as a primary explo-
sive, followed by a train of a more sensitive booster ex-
plosive material, such as tetryl, followed in turn by the
secondary explosive, such as HMX, RDX, or PETN.
The secondary explosive is generally quite brisant, and
for this reason a thin layer of a buffer material, such as
a soft plastic, would ordinarily be interposed between
said secondary explosive and the guidance mass, to in-
sure smooth and reproducible acceleration of the lat-
ter. However, it is important to note that the guidance
mass is accelerated and out of contact with the projec-
tile in a very short time interval, 2 microseconds or less
being typical, and in this time the projectile would only
rotate around its spin axis about 1° in angle. The deto-
nation of the guidance mass accelerating explosive
would produce some shock effect in the body of the
projectile. If the high explosive fill of the projectile is
proximate to the guidance mass, a thin layer of shock-
absorbing material, such as rubber, or a plastic, such as
polyethylene, can be interposed between the explosive
fill and the metal projectile body to prevent shock
waves of any appreciable magnitude from intercepting
said explosive fill.

A simplified way of considering the correcting im-
pulse required is contained in the following simple
analysis. It is first assumed that the dispersion of the
projectile is denoted by 7. The radial velocity of the
projectile away from the optimum trajectory (Av) can
then be related to the projectile velocity, (v) through
the following relation: )

Aviv=r
n

Typical projectile velocities at the target would be
approximately 2,500 feet per second. The velocity at
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which the small guidance masses can be projected, vy,
by the use of a microdetonator and a small high explo-
sive charge is in the neighborhood of 5,000 feet per
second. The following equation gives the guidance
mass, m,, to effect the required correction to a projec-

tile of mass m.
20vm = vy my
(2)

The guidance mass, m,, can be calculated from the
above equation and Equation 1.

my = 24v mfv, = 27vm | v,
(3)

As was previously pointed out, in typical practice, the
guidance mass speed will be approximately twice the
projectile speed. Thus

my=Tm

4)

Since the value of the total dispersion 7 is about 7 X
1073, while m is approximately 600 gm, thus

m,=4.2 gm.
(5)

This mass is an acceptably small fraction of the total
projectile mass and hence will not deteriorate the ter-
minal fragmentation or penetration effectiveness of the
round.

The projectile is spinning in free flight at a rate deter-
mined by the twist of the rifling. For example, with a
rifling twist of 1 in 17 calibers, the spin rate would ini-
tially be approximately 1,430 rps, or about 1.4 revolu-
tions for every millisecond of flight. For a velocity of
3,000 feet per second, this yields a single revolution for
each 2 feet of projectile travel along the trajectory.

If the axis of a spinning mass is rotated in a direction
normal to the axis, the mass will suffer a gyroscopic
precession, by which is generally meant that the spin
axis tends to rotate in a direction perpendicular to the
direction of the applied force. Likewise, if the projec-
tile is rendered an impulse at a position off the plane 32
normal to the axis and passing through the center of
mass of the projectile, the axis of the projectile will un-
dergo precession; it will describe a cone, and the result-
ing acrodynamic forces on the projectile will cause it to
yaw or stray off course in an uncontrolled manner.
Thus, one of the essential features of this invention is
the location of the guidance masses on a ‘guidance
band’ which is at or very near a plane perpendicular to
the projectile axis and which passes through the projec-
tile center of mass 33. Depending upon the projectile
flight time to the target, a radial impulse would be
chosen which would optimize the probability of inter-
ception with the target. Thus, the radial correction im-
puise applied, for a given error in distance 34, from the
predicted trajectory, might be small at the initial seg-
ments of the trajectory, but then increase as the time
interval to correct the course grows shorter, with de-
creasing distance to the target. For this purpose, a mi-
crocircuit computational element is employed; this cir-
cuitry being powered, for example, by a small electric
generator taking its power from the spin-up of the pro-
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jectile during acceleration in the barrel, or a light-
weight, compact battery 35, activated by setback
forces during projectile acceleration in the gun barrel,
as is commonly practiced in proximity or VT fuzes.

The angle ¢ (FIG. 5) is communicated to the projec-
tile sensing system by an amplitude-modulated signal
superimposed on the argon-ion laser green line at 5,145
A, the modulation having, for simplicity, a frequency
relation to the angle ¢ of direction, a proportionality as
follows:

fi=Ki

(6)

The projection of the true vertical 36, can be estab-
lished within the projectile a follows: A dielectric mate-
rial in the side of the projectile in the form of a small
cylindrical plug, carries embedded within it a small
Helmholtz coil 37. As the projectile spins, a voltage is
developed across the terminals of this coil, said voltage
depending on the direction of the intercepted magnetic
lines of the earth’s field 38. Since the intensity of this
field is generally about 0.2 gauss, the voltage developed
by the coil is sufficient for the operation of this sensor.
A typical voltage waveform across the coil as a function
of angle of rotation is shown in FIG. 4A. Because the
earth’s field varies in dip, or vertical angle, and declina-
tion, or horizontal angle, the angle at which the mag-
netic field maximum occurs from the projected vertical
will vary. This angle is shown as ¢=0 in FIG. 4.

At the laser, another Helmholtz coil 39 is located,
with its geometry and rotational axis nearly coaxial
with the projectile magnetic-field-sensing Helmholtz
coil. Thus the two voltage signals will be similar in
waveform to one another irrespective of the direction
of aim of the gun and the guiding laser beam. However,
at the laser, a reference projection of the true vertical
is readily available; a simple damped pendulum would
provide, with sufficient accuracy, a reference projected
vertical. This data could also be provided from fire con-
trol systems.

The voltage signal at the laser magnetic sensing sys-
tem is shown in FIG. 4B. It may have a different ampli-
tude and frequency, but the ratio H,, the maximum
value, to the value at the vertical plane H,, will be
nearly the same as that on the projectile. This may be
written as follows:

v =H,, / H, (Projectile) = H, / H, (Laser)
(7)

Thus, the signal amplitude at the projectile which
represents the projection of the true vertical can be
easily determined. Hence the angle a + ¢ is also deter-
mined. :

The variable y can then be transmitted to the projec-
tile by the laser beam employing an amplitude-
modulated signal of frequency f; on the blue (4,880 A)
line.

=Ky
(8)

Normally, the earth’s magnetic inclination will be be-
tween useful limits and the magnetic field strength
(about 0.2 gauss) will be sufficient so that the projectile
vertical-sensing system will be simple, accurate, reli-
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able, and nearly impossible to countermeasure by the
enemy.

The spinning Helmholtz coil on the projectile also
supplies pulses to a microcircuit counter 40 which to-
tals the number of projectile revolutions to a given
range. Thus, knowing the number of revolutions, the
initial projectile velocity, and the rate of decrease of
the spin rate, due to frictional forces in the air, allows
the range to be determined with excellent precision.

Amplitude-modulated signals of frequency f; can be
sent down the laser beam on the 4,965 A blue-green
line to specify the range at which the correction im-
pulse should be initiated. For purposes of illustration,
we specify here that this correction would begin at mid-
range, or halfway to the target, which is at range R.

fi=KsgR
9)

The angle ¢ is known by the design of the projectile.
Since the angle o -+ ¢ is known from the projected verti-
cal sensing Helmholtz coil in the projectile, with the
normalizing signal sent down the laser beam by the
modulation of the 4,880 A line. When the angle a is
nearly equal to the angle ¢, the detonator on an appro-
priate guidance mass is fired, projecting this mass out
at an angle ¢ thus imparting to the projectile a correct-
ing impulse toward the optimum trajectory (at the co-
ordinate origin in FIG. 6).

Appropriate logic or computational elements in the
subminiaturized computing circuitry would select the
optimum discrete impulse, of the three available to ef-
fectuate the optimum trajectory correction, which
would depend upon the following factors: the range
from the gun, as determined by the magnetic field spin
counter of the projectile, which initiates action upon |
firing setback or acceleration; the distance error from
the correct trajectory, determined by f, and the time
that the scanning rectangular laser beam intercepts the
projectile.

Various components of this system can also be uti-
lized in a further-developed system to provide im-
proved fuze function. For example, many of the com-
ponents of an active infrared or visible light proximity

-fuze are already included in the system, such as win-
dows, detectors, detector circuitry, filters, power
supplies, and so forth. Also, updated range data is avail-
able within the projectiie with this system, so the pro-
jectile can be detonated at this range to substantially
increase the damage radius.

FIGS. 7 and 8 illustrate another embodiment of a
projectile, indicated generally at 48, which may com-
prise a rocket or missile constructed in accordance
with the present invention. The projectile 40 differs
from the projectile illustrated in FIG. 2 primarily in its
impulse reaction means for establishing a net impulse
force to effect lateral movement of the projectile to-
ward a desired trajectory in response to a predeter-
mined signal applied to the projectile. The peripheral
configuration of the projectile 4@ is generally similar to
the peripheral configuration of the projectile iltustrated
in FIG. 2. The projectile 40 includes an intermediate
section having an annular generally cylindrically

5 shaped peripheral wall 41 which overlies a long groove

42 formed in a cylindrical housing portion 43 of the
projectile body. The long groove 42 may take the form
of a plurality of U-shaped grooves which are connected
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in end-to-end relation such that the ends of the legs of
each U-shaped groove are each connected to one end
of an adjacent U-shaped groove to form a long groove
disposed peripherally about the housing 43. The long
groove 42 is positioned such that a plane intersecting
the groove 42 at the midpoint of each longitudinal leg
portion of the groove and disposed perpendicular to
the longitudinal axis of the projectile 40 passes through
the center of mass of the projectile 40, the long groove
being connected to a microdetonator by an explosive
train.

The groove 42 in the projectile 40 contains a high ex-
plosive material which completely fills the groove 42.
The high explosive material may comprise a secondary
type explosive capable of being initiated by a mi-
crodetonator and may have a wide variety of compo-
nents of explosive compounds, such as lead styphenate,
as a primary explosive, followed by a train of more sen-
sitive explosives such as tetryl, followed in turn by the
secondary explosive, such as HMX, RDX, or PETN.
The explosive material may be bound together by vari-
ous binding materials to effect an optimum detonation
speed by variance of the density of the binder material.
The high explosive, if bound in a form initially having
low viscosity, can be then easily injected into the long
groove, later hardening into a more rigid consistency.
The high explosive material disposed within the groove
42 is capable of high order detonation and, upon being
selectively detonated with respect to the angular posi-
tion of the point of detonation relative to vertical, will
effect a very rapid rate of detonation along the length
of the groove. An explosive material is selected having
a rate of detonation, considered along the length of the
groove 42, which will maintain the “point” of detona-
tion in a fixed angular position relative to a true vertical
even though the projectile is spinning about its longitu-
dinal axis at a relatively high rotational speed. In this
manner, when the high explosive material within the
groove 42 is detonated, a high order detonation will be
effected which will act against the inner surface of the
annular peripheral wall 41 accelerating it so as to effect
a net impulse force acting perpendicular to the longitu-
dinal axis of the missile 40, The materials which sur-
round the groove may be of a friable nature so that
after detonation the resulting underlying surface is
smooth, thus, reducing the air drag forces due to pro-
jectile spin. The rate of detonation of the high explosive
material within the groove 42 and the balanced geome-
try of the groove 42 relative to the center of mass of the
projectile 40 are such that the impulse force created by
detonation of the explosive material will create an aver-
age net impulse force which acts through the center of
mass of the projectile 40 in a chosen direction perpen-
dicular to the longitudinal axis of the projectile.

As an alternative to employment of small windows on
the projectile boatail, as employed in the projectile il-
lustrated in FIG. 2, the projectile 40 may employ a pair
of laser light sensor elements 44 which are positioned
within an axial recess or opening 45 in the base portion
of the projectile 40. The recess 45 may be covered with
a thin cover plate when the projectile is being acceler-
ated in the gun barrel so as to protect the sensor ele-
ments 44 from the high temperature propellant gases
and smoke which could cause obscuration, this cover
plate being dropped off in flight after the projectile
exits from the gun barrel. The laser light sensor ele-
ments 44 serve to transmit optical radiation from the
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laser guidance beam to a photodetector element (not
shown) housed within the projectile 40, such photode-
tector element being similar to the above referenced
photodetector element 19 mounted within the projec-
tile illustrated in FIG. 2. As an alternative to the use of
the earth’s magnetic field as a method for determining
the true vertical of a fiducial point on the projectile, as
is illustrated in FIGS. 4 and 6, the center of the angle
of acceptance of the laser light sensor elements 44 may
be canted at various angles to the longitudinal axis of
the projectile so that they accept light from the guiding
laser beam only at a certain rotational angle, thus pro-
viding a vertical electrical reference pulse, since the
longitudinal axis of the projectile on its ballistic trajec-
tory is always at a slight angle to the direction of the
guiding laser beam, as is shown in FIG. 1.

The projectile 40 includes guidance microcircuitry
which may be housed within a suitable encasement
housing 46 carried within the recess 45 in the tail end
of the projectile 40. The guidance micro-circuitry
within the encasement housing 46 is similar to the
above referenced modular circuits 20 described with
respect to the projectile illustrated in FIG. 2. In other
respects, the projectile 40 is guided in identical fashion
to the guidance of the projectile illustrated in FIG. 2,
the net impulse reaction force being effected to cause
a lateral translation of the projectile 40 from an actual
trajectory toward a theoretical trajectory which would
cause impact with a selected target.

Various other modifications may be made in the dis-
closed method and apparatus without departing from
the spirit and scope of the invention.

Various features of the invention are set forth in the
following claims.

What is claimed is:

1. A method for guiding a spinning projectile or the
like having at least one discrete mass releasably
mounted in the projectile with the center of gravity of
said mass located in a plane substantially normal to the
axis of the projectile and passing proximate to the cen-
ter of gravity of the projectile, said method comprising
the steps of; determining the deviation of the projectile
from an optimum trajectory along which the projectile
would impact a target, transmitting a predetermined
signal to said projectile, receiving said signal by said
projectile, and releasing at least one of said masses
from said projectile in response to receipt of said pre-
determined signal by said projectile in a manner to im-
part a correctional momentum to said projectile suffi-
cient to translate said projectile toward said optimum
trajectory.

2. The method as defined in claim 1 wherein said pro-
jectile includes chemical propellant means cooperative
with said discrete masses to effect release of said
masses from said projectile upon selective detonation
of said chemical propellant means, and wherein said
predetermined signal to said projectile is transmitted
and received in a manner to selectively detonate a pro-
pellant means and release at least one of said discrete
masses to impart said correctional momentum to said
projectile.

3. The method as defined in claim 1 wherein said cor-
rectional momentum applied to said projectile is im-
parted in a radial direction relative to the axis of said
projectile.

4, The method of claim 2 wherein said chemical pro-
pellant means comprises high explosive means cooper-
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ative with said masses to selectively release at least one
of said masses from said projectile upon selective deto-
nation of said explosive means, and wherein said step
of transmitting said predetermined signal to said pro-
jectile and receiving said signal by said projectile are
sequenced in a manner to effect said selective detona-
tion and release at least one of said masses to impart
said correctional momentum to said projectile.

5. A method for making an in-flight correction of the
trajectory of a spinning projectile, comprising the steps
of selectively subjecting the projectile to a correctional
impulse essentially at a right angle to the axis of the
missile and passing adjacent the center of gravity of the
missile, said impulse being created by a detonation of
sufficient magnitude and direction to change the trajec-
tory traveled by the projectile at the time of impulse to
a desired trajectory thereby to substantially improve
the probability of the projectile hitting a predetermined
target.

6. The method as defined in claim 5§ wherein said pro-
jectile has high explosive impulse reaction means
thereon, and wherein said correctional impulse is cre-
ated by selectively detonating said high explosive im-
pulse reaction means.

7. A method for guiding a spinning projectile to a tar-
get, said projectile having at least one discrete guidance
mass mounted thereon with the center of gravity of said
guidance masses located substantially in a plane normal
to the projectile axis and passing substantially through
the center of gravity of the projectile, said discrete
masses being adapted to be accelerated outwardly from
said projectile in a generally radial direction to provide
a correctional momentum to the spinning projectile
and translate it laterally into an optimum trajectory so
that the probability of impact with a chosen target is
improved, said method comprising the steps of trans-
mitting to said projectile a signal representative of the
angular position of a predetermined surface point on
said projectile relative to a projected vertical, transmit-
ting to said projectile a signal representative of the in-
stantaneous angle of the projectile relative to said pro-
jected vertical, transmitting to said projectile a signal
representative of the distance of the projectile from an
optimum trajectory path, transmitting to said projectile
a signal representative of the distance that the projec-
tile is along its trajectory path, receiving said transmit-
ted signals by said projectile and effecting release of at
least one of said guidance masses from said projectile
in response to receipt of said signals, thereby effecting
lateral translation of said projectile in a manner to es-
tablish a trajectory which increases the probability of
impact of the projectile with the intended target.

8. The method as defined in claim 7 wherein said pro-
jectile includes a plurality of discrete guidance masses,
and repeating the sequence of steps as required to
maintain the desired trajectory of said projectile.

—
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9. A missile guidance system for guiding a spinning -

projectile or the like having impulse reaction means
mounted in the projectile with the center of gravity of
said impulse reaction means located in a plane substan-
tially normal to the axis of the projectile, said system
including laser beam means for transmitting a predeter-
mined signal to said projectile, said projectile having
means therein responsive to receipt of said predeter-
mined signal for determining the deviation of the pro-
jectile from an optimum trajectory along which the
projectile would impact a target and for effecting an
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impulse reaction by said impulse reaction means in a
manner to impart a correctional momentum to said
projectile and cause said projectile to translate toward
said optimum trajectory.

10. A system as defined in claim 9 wherein said im-
pulse reaction means includes one or more discrete
masses releasably mounted in said projectile, and high
explosive means cooperative with said discrete masses
to effect release of said masses from said projectile
upon selected detonation of said high explosive means,
and wherein said predetermined signal is effective to
selectively detonate said high explosive means and ef-
fect release of at least one of said discrete masses.

11. A system for guiding and reducing the aim disper-
sion of a spinning projectile or the like to a target, com-
prising, in combination, at least one small discrete guid-
ance mass mounted on the projectile with the center of
gravity of said guidance mass located substantially in a
plane normal to the projectile axis and passing through
the center of gravity of the projectile, each of said guid-
ance masses being capable of being accelerated out-
wardly in a generally radial direction to provide a cor-
rectional momentum to the projectile and bring it into
a more optimum trajectory so that the probability of
impact with a chosen target is improved, computer
means contained within the projectile and capable of
receiving input data signals transmitted to the projec-
tile, laser beam means capable of transmitting input sig-
nals from a source to the projectile, means for transmit-
ting to said projectile along said laser beam means a sig-
nal representative of the vector from the optimum tra-
jectory point to the projectile, measured in a plane per-
pendicular to the direction of propagation of the laser
beam, means for transmitting to said projectile along
said laser beam means a signal representative of the di-
rection of the true vertical, means for transmitting to
said projectile along said laser beam means a signal rep-
resentative of the distance that the projectile is along
its trajectory, said computer means being operable to
effect acceleration of at least one of said guidance
masses outwardly from the projectile in response to re-
ceipt of said signals to impart a correctional impulse
momentum to the projectile sufficient to bring it into
a trajectory which increases the probability of impact
of the projectile with a predetermined target.

12. A missile guidance system as defined in claim 9
wherein said mears in said projectile responsive to re-
ceipt of said predetermined signal includes microcir-
cuit computational element means disposed within said
projectile.

13. A projectile for use in a system operative to guide
a projectile between a guidance laser source and a pre-
determined target substantially along an optimum tra-
jectory, said projectile having impulse reaction means
mounted thereon including means capable of being
detonated in a manner to effect a net impulse force on
the projectile which acts substantially in a plane normal
to the projectile axis and passes through the center of
gravity of the projectile, and means cooperative with
said impulse reaction means and responsive to a prede-
termined signal to effect detonation of said detonation
means to provide a correctional momentum to the pro-
jectile to birng it into a trajectory which will increase
the probability of impact of the projectile with the pre-
determined target.

14. A projectile as defined in claim 13 wherein said
impulse reaction means includes at least one discrete
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guidance mass releasably mounted in said projectile
substantially in a plane normal to the axis of the projec-
tile and passing substantially through the center of
gravity thereof, said detonation means being capable of
effecting release of at least one of said masses from said
projectile to provide said correctional momentum.

15. A projectile as defined in claim 14 wherein said
detonation means includes high explosive means selec-
tively detonatable to effect release of at least one of
said discrete masses.

16. A projectile as defined in claim 14 wherein each
of said discrete masses is selectively releasable out-
wardly relative to'the cénter of gravity of said projectile
to effect an impulse momentum force which acts in a
corrective manner to provide said momentum to said
projectile.

17. A projectile as defined in claim 13 wherein said
impulse reaction means includes a long groove formed
in a housing portion of said projectile, and high explo-
sive means disposed within said long groove and capa-
ble of being detonated in a manner to establish a net
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impulse force on the projectile which acts substantially
in a plane perpendicular to the longitudinal axis of the
projectile and passes substantially through the center of
gravity of the projectile.

18. A projectile as defined in claim 17 wherein said
long groove extends about the periphery of said projec-
tile housing and is balanced relative to a plane perpen-
dicular to the longitudinal axis of the projectile and
passing through the center of gravity thereof, said high
explosive means including a high explosive material ca-
pable of high order detonation upon selective detona-
tion thereof.

19 A projectile as defined in claim 17 wherein said- - -

projectile includes a plurality of said long grooves, the
explosive contained therein being detonable in a se-
quence of steps as required to maintain the desired tra-
jectory of said projectile.

20. A projectile as defined in claim 17 including an
annular generally cylindrically shaped wall overlying

said long groove.
P R
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