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1 Claim. (ClL 102—50)
(Granted under Title 35, U.S. Code (1952), sec. 266)

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes ‘without the pay-
ment of any royalties thereon or therefor.

My invention relates to projectiles and is particularly
directed to means for increasing the hit probability of the
projectile with its target.

It 1s possible to compute the launching lead angles of
a projectile with considerable accuracy. Hit probabilities,
however, are found in practice to be less than the theo-
retical values because of the unpredictable variations of
forces that act upon the projectile after launching. Hom-
ing devices on the projectile, and radio controls at the
launcher are partially effective in increasing hit prob-
ability but the vastly increased complexity of equipment
reduces the reliability and value of the equipment.

The proximity fuses on explosive bullets or rockets
were adopted to increase the kill probability of the pro-
jectile with a fixed dispersion pattern.

The object of my invention is to increase hit probability
of projectiles by reducing the size of the dispersion pat-
tern of the projectile at its target.

The object of my invention is attained by imparting to
the projectile a strong lateral thrust to suddenly redirect
the projectile on a collision course just before the pro-
jectile reaches the target. The projectile is provided with
a light sensitive cell which can “see” any target within
an acute forward angle from the projectile center line.
The light to which the cell is sensitive is preferably in the
infrared range and the lateral thrust is provided by a
gas jet-producing rocket grain exhausting through ports
in the side of the projectile, as contemplated in the pre-
ferred embodiment of my invention. The miss distance
of one of my improved two-stage rockets is reduced to
zero with the target path parallel to the original tra-
jectory and to about one-third with an angle of intercept
of =10 degrees.

Other features and objects of my invention will become
apparent by referring to the specific embodiment described
in the following specification and shown in the accom-
panying drawing in which:

FIGS. 1, 2 and 3 are elevational views, partly in sec-
tion, of the components A, B and C, respectively, of a
rocket, shown assembled in FIG. 6.

FIG. 4 is a vector diagram of the principal target and
rocket velocity vectors typically involved in a fire control
problem employing the rocket of my invention,

FIG. 5 is a section of the rocket taken on line 5—S5
of FI1G. 2, and

FIG. 6 is an elevation of the assembled rocket of my
invention.

The particular projectile chosen here for illustrating

the principles of my invention is a rocket, although the 60

principles could be applied to a gun propelled bullet. In
FIG. 6 is shown a rocket with end-to-end sections A, B

and C. The rear end section C contains a propulsion
rocket grain for exhausting a high velocity jet of gas
from the rear (left end) of the tube 1, FIG. 3. The
particular rocket shown may be of the 2.75” FFAR-type
used extensively in air-to-air combat. After launching,
the rocket is given fairly high speed rotation about its

longitudinal axis by either canting the exhaust ports at a 7

slight screw-thread angle with respect to the axes or by
trimming the stabilizing fins as shown so as to produce,
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aerodynamically, the desired rotation. At the right, or
front, section A of the rocket is the warhead with casing
2 :and fuse nose 3, preferably with a proximity fuse mech-
anism for detonating the warhead when the warhead ar-
rives at a point nearest the target. Intermediate the
rocket motor tube 1 and the warhead 2 is the auxiliary
motor 4, section B, comprising a tube of the same di-
ameter as the other sections and provided with exhaust
ports 5 drilled, preferably, in a straight line along the
side of tube 4 and adapted to exhaust high velocity gas
perpendicular to the longitudinal axis of the rocket. The
propulsion material 6 may comprise a grain similar in
composition to the primary motor grain but is so con-
stituted as to have very short burning time and may be
so fused as to be simultaneously ignited at all points
throughout its length. Details of the igniting mechanism
form no part of this invention and will not be described
in detail; it is sufficient that the igniting mechanism be
fast acting and adapted to ignite the auxiliary motor with
little or no dead time after receipt of the actuating im-
pulse.

The actuating impulse for the auxiliary motor is ob-
tained from the light sensitive cell 7, which c¢ll 1s ar-
ranged through an optical system to “see” forwardly and
laterally of the rocket at an acute angle hereinafter to
be more fully described. The optical system depicted
in FIG. 2 may comprise the reflector 8 set in the bottom
of the telescope tube 9. The forward end of the tele-
scope is closed by a clear light-transmitting window 9a
shaped and fitted to the rocket tube so as to not disturb
the stream-lined outer surface of the rocket. The re-
flector and the light shielding about the light sensitive
cell are so arranged that the cell will respond to radia-
tion received only along the said forward acute angle.
The electrical pulses produced by the cell are amplified
and applied to a trigger circuit (not shown) for actuating
the secondary rocket grain 6. The size of the cavity sur-
rounding the telescope 9 is ample to receive the ampli-
fier and triggering circuits of the cell as well as the battery
power supplies for these circuits. Since such amplifier
circuits may be conventional and may embody many fea-
tures not important to the basic characteristics of my in-
vention, they are not described.

In one embodiment of my invention the primary motor
portion of the rocket is separated from the forward por-
tion after the primary motor is burned out. Separation
may be affected by the explosive gasket 10 of a material
known in the art as “Primacord.” Ignition of the prima-
cord may be timed either with the completion of the
burning of the primary motor grain or with the ignition
of the secondary motor grain.

The ports or nozzles 5 of the secondary motor are in
the side of tube 4 preferably diametrically opposite the
window and line of sight of cell 7. Where the burning
time of grain 6 is finite and where dead time between
receipt of the actuating ray of light and the middle point
of the burning time is finite, the ports of the secondary
motor will be displaced from said diametrically opposite
portion a few degrees in the direction of the rotation.
Such an angular displacement of the nozzles with respect
to the window is to insure lateral propulsion of the rocket
in ‘a plane containing the longitudinal axis and the line of
sight of the cell. |

In the design of the rocket of my invention the follow-
ing parameters of the system become important. First,
the rocket closing velocity and the sight angle of the sys-
tem determines the required lateral velocity. Second,
the rocket closing velocity plus the target length, as seen
by the cell, determines the required spin velocity of the
rocket. Third, the spin welocity plus the loss of thrust
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allowable from finite burning time determines the maxi-~
mum allowable burning time.

Let it be assumed that a rocket of the 2.75” FFAR
type has a closing velocity of 1300 ft./sec., and that a
change-of-direction of rocket flight of 20° is desired.
Then the lateral velocity, Vi, 1s

(1) Vy,={1300 ft./sec.) tan 20°=474 ft./sec.

The necessary spin velocity is, obviously, a function of
the rocket closing velocity and the length of target which
can be seen by the cell. Assume that the exhaust trail
made by the target airplane is 40 feet, then the spin rate,
S, required 1S

1300 ft./sec.
(2) 40 Tt

to insure that the target will be scanned at least once by
the light sensitive cell.

The maximum burning time allowable from the sec-
ondary rocket motor is seen to be a function of the spin
parameter and the maximum rotational angle through
which the thrust must be applied without appreciable loss
in lateral velocity. The thrust of the motor acting dur-
ing 60° of rotation of the rocket 1s chosen as a compro-
mise to allow maximum thrust with a minimum sacrifice
of lateral thrust. The maximum time, T, allowable 1s

thus:
(3) T=-§B—(—)><spin period =5 milliseconds

The firing system of the side thrust rocket requires that
the original lead angle must be less than 20° to avoid
premature blast of the secondary rocket motor. How-
ever, present day fire control systems, which might be
employed for determining the initial lead angles, do not
provide leads greater than about 14°; therefore, the
rocket with my secondary motor imposes no restrictions
in tactics. Also, momentary yaw following launching
may be counteracted by inserting a time delay in the ac-
tivation of the cell detection systeim.

When the attacking and target aircraft are flying non-
parallel courses an error is introduced in the correction
system. This error is an error in kinematic lead since
the two-stage rocket is a fixed lead device calibrated for
parallel courses. In FIG. 4, let P and T represent the
projectile and target, respectively, at the time the second
rocket motor is fired which is at the time the optical
system “sees” the target at angle b from the line of flight.
The projectile velocity at that time is V,+V, along the
miss trajectory of the rocket, where V, is own ship ve-
locity, and V, is acquired rocket velocity at point P. Let
s be the time required if the projectile were to continue
with this velocity until the target and projectile would
be in he same plane normal to the initial projectile path.
At the computed future positions T’ and P’ of the target
and projectile, respectively, the miss distance 1s Dj.
Now, due to firing of the secondary motor, the projectile
will acquire lateral velocity Vi, normal to (V,4-V,) in
the plane of (V,+ V) and T resulting in a total velocity
Vr. Now, let #; be the time until the projectile, on its
new path, and the target lie in the same plane normal to
the new projectile path at P; and Ty, respectively. The
new miss distance is now D,. According to my invention
Vs, is so chosen with relation to (V,+V,;) and the cell
sighting angle b, that for a target path with velocity V;
parallel to (V,+¥) and under the assumed speed con-
ditions that V,+V—V¢=1340 ft./sec., Dy would be
Zero, that is, projectile and target would coincide at point
P,

It follows that this value of Vy, may be written
(4) Vi=(V,+V,) Xtan b

In order to find the miss distance D, when Vg makes
an angle a with the original projectile path and for an
arbitrary target speed, the following vector relations may
be written from FIG. 2.

S= =33 revolutions per second
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(5) R-I—VTff'—-Dg——VR&:O

(6) R4-Vqt's—D1—(Vo+Vg)t's=0

where R is the initia] projectile-to-target range.

Resolving Equation 4 into components parallel and per-
pendicular to Vi and resolve Equation 5 into components
parallel and perpendicular to (V,+ V) gives

(7) Dy=-—R sin ¢4Vt sin (a+b—c)
(8) O=R cos ¢c-}-Vyt; cos (a-+-b—~c)—Vyis
(9) Di=-4-R sin b—Vt's sin a

(10) O=R cos b4Vryt'y cos a—(Vo--V ) t'E

Equations 7, 8, 9 and 10 are four equations for the four
unknowns, D,, R, ¢, ts. Where D; 1s assumed to be
equal to 60 feet and b equal to 20°, and ¢ equal to 7.3°,
Vot+V.=2100 ft./sec., V=800 ft./sec., V1,=474 ft./sec.,
V,=1300 ft./sec. and a=--10° and —10°, then calcula-
tions indicate that the new miss distance D,=21 ft. and
13.5 ft., respectively for the a==10°.

It is apparent that the magnitude of the required cor-
rection angle applied to the first trajectory will vary with
the change in the rocket closing velocity. Therefore, as
a first step in determining the magnitude of the residual
error imposed by variations in closing time, the extent of
the velocity variations must be evaluated. Since the
firing aircraft will close to only a relatively long range
when employing a weapon of this type, a low closing rate
at the time of fire of the first rocket may be assumed.
For the purpose of this invention a possible variation of
+25 knots for an assumed aircraft closing rate of 25
knots will be used. This vields a variation of projectile
closure velocity of 3-42 ft./sec. from an average value of
approximately 1340 ft./sec. Since the weapon of my in-
vention will be used at long ranges, it is reasonable to as-
sume that the second stage motor will be activated only
after the burning time of the first stage. Under these
conditions, interpolation from firing tables yields a pos-
sible variation, from an assumed average for tempera-
tures of —30° F. to 4-130° F., of 23 ft./sec. Fur-
ther, since both the first and second stages will be simi-
larly affected by density variations, variations in closure
velocity due to altitude may be ignored. Finally, varia-
tions of range, at the time of rocket launching, of 300
vards may be assumed. For rocket velocities in the
region of interest, this vields a possible variation in
closure velocity of =100 ft./sec. for an assumed average
for the 2.75”” FFAR. Under these conditions variations
in projectile closure velocity of approximately 165
ft./sec. from the assumed value are possible. An aver-
age variation 1s about 110 ft./sec.

The maximum miss distance from the target center due
to the maximum variation of target closing rate at the
assumed maximum firing range of the second target may
now be calculated. From the above considerations at
the time of launching we may conclude that the maxi-
mum percentage change of rocket closing rate is approxi-
mately +=10%. Where the rocket closing velocity is
10% too high, the angular error due to the variation of
rocket closing velocity 1s 1.7°. This results in a maxi-
mum miss distance of 5.2°’. 1In case the rocket velocity is
10% to low the correspondent miss distance from the
point of aim is 6.5".

The mechanical arrangement of the rocket may be sub-
stantially as shown in FIG. 1, it being merely necessary
to select the light sensitive cell and its optical system to
be sensitive to the anticipated exhaust trail of the enemy
target. Secondly, a very fast burning rocket grain must
be selected for the secondary motor 4.

Many modifications may be made in the rocket of FIG.

1 without departing from the scope of the invention de-
fined in the following claims. By imparting a lateral
velocity to the projectile in a plane containing the target
and the line of sight of the rocket, the miss distance can
also be reduced as to increase the percentage Kkill a con-
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siderable amount. Most of the advantages of homing de-
vices and of radio directional control are attained with
none of the complexity of either. This two-stage rocket
is remarkably simple in construction and can reduce the
error of a given rocket to approximately one-third of its
original value and can increase the kill probability by
approximately 60%, assuming no bias error.

What is claimed is:

A two-stage rocket comprising an elongated cylinder,
a primary motor occupying the rearward portion of said
cylinder for propelling said cylinder along a line of flight,
a window in the side wall of the middle portion of said
cylinder, at least one exhaust port in the middle portion
of said cylinder diametrically opposite said window, a
secondary motor occupying a middle portion of said cyl-
inder for applying a propelling force through said at
least one exhaust port, a single radiant energy sensitive
cell in said cylinder behind said window for producing an
electrical pulse in response to energy radiated from a

5
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target, an igniting mechanism for igniting said secondary
motor, and means for rotating said cylinder about the
longitudinal axis of said cylinder whereby said window
and said single radiant energy sensitive cell are revolved
in a spiral pattern.
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