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(57) ABSTRACT 

A method for protecting a second location against a first 
projectile fired from a first location at the second location. The 
method including: firing at least one second projectile toward 
the first projectile; and increasing a footprint of the second 
projectile via a deployment from the second projectile to 
prevent the first projectile from Striking the second location. 
The method can also include detonating a charge upon con 
tact of the first projectile with the deployment; timing an 
operation of the second projectile to increase an amount of 
damage and/or redirection of the first projectile; tracking the 
first projectile and guiding the second projectile to intercept 
the first projectile based on the tracking and/or the various 
launching platforms so as to increase the likelihood of pro 
tection against the first projectile. 
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DEPLOYABLE PROJECTLE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/807,964 filed on May 31, 2007 which is a 
continuation of U.S. application Ser. No. 1 1/290,948 filed on 
May 17, 2007, which is a divisional of U.S. application Ser. 
No. 10/236,063 filed on Sep. 4, 2002, which claims priority to 
U.S. provisional application Ser. No. 60/317,308 filed on Sep. 
5, 2001, the entire contents of each of which are incorporated 
herein by their reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to projec 

tiles, and more particularly, to missiles and other projectiles, 
which have deployable blades to increase its footprint and/or 
decrease its momentum. 
0004 2. Prior Art 
0005 Numerous systems have been developed or are 
under development for protection against various threats Such 
as missiles or projectiles. In certain systems, particularly if 
weight is not a major problem, a properly designed passive or 
active armor may provide adequate protection. In other sys 
tems, an incoming missile may be defeated by a Super-high 
rate of small to medium caliber fire in either a pure kinetic 
mode or with the assistance of high explosives. Guided mis 
siles of various kinds have also been developed for such 
purposes. A number of Smart or guided projectiles are also 
under development for Such applications. Many of Such pro 
tection systems are or planned to be used in combination. 
0006. A review of the existing protective systems clearly 
indicate the lack of any effective measures against weapons 
such as shoulder fired RPG type of weapons, particularly 
those fired at very close range. Such as from a 50 meter radius. 
No Such weapons have been planned nor are under develop 
ment. The development of Such protection systems is essen 
tial for all lightly armored vehicles such as FCS, particularly 
for those that are to be used in missions within urban envi 
ronments. Such protection system may also be used on heli 
copters and other mobile platforms, on fixed command posts 
and/or various facilities. 

SUMMARY OF THE INVENTION 

0007 An objective of the present invention is to provide 
novel projectiles that effectively defeat shoulder fired rockets 
or the like within a radius of 50 meters. A number of different 
versions of such interceptors are provided herein and their 
general merits and shortcomings for different modes of appli 
cation, such as method of launch and available sensory infor 
mation are discussed. The preferred interceptor designs are 
totally mechanical and passive and do not carry any explo 
sives. The proposed designs are, however, naturally Suitable 
for development into projectiles that are significantly more 
destructive to the target by the addition of relatively small but 
directional explosive charges without requiring Sophisticated 
electronics and sensory gear and requiring any means of 
tracking, and/or guidance and control. It is, however, shown 
that the projectile and its means of delivery can be made 
Smarter in a step by step manner by the addition of on-board 
sensory, decision making (micro-processors), and/or means 
of guidance and control. In this regard, the novelty of the 
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proposed interceptors and means of delivery is that the basic 
and bare projectile is still a highly effective protective weapon 
and that its effectiveness and performance can be incremen 
tally enhanced by the addition of the aforementioned compo 
nents and that it can eventually be turned into a very Smart and 
extremely effective weapon against shoulder fired missiles 
and the like that are fired from very close range. 
0008. In addition, the provided projectiles and their means 
of delivery may be used as a Supplement to the existing 
anti-missile protection systems as the last protective weapon 
to be used if all other weapons fail to stop or divert the 
incoming missile. 
0009. The main characteristics of the provided innovative 
interceptors include: The intercepting projectile is fired from 
a regular gun: The intercepting projectile may be fired from a 
rifled or smooth bore barrel: The intercepting projectile 
deploys into a propeller-like interceptor rotating at high 
speeds; By deploying the intercepting projectile into a spin 
ning propeller, the probability of hit is increased by orders of 
magnitude; The intercepting projectile fired from Smooth 
bore gains its spinning speed by the aerodynamic forces act 
ing on the propeller, The firing speed and spin rates determine 
the mode of flight from high drag “free spinning flight to low 
drag air-screw modes of flight. In the totally passive mode of 
operation, the target is either destroyed or knocked out of 
course; The propeller that hits the target can be used as a 
trigger to properly detonate a directional charge to defeat the 
target; On-board target seeking sensors may be added to the 
intercepting projectile to optimally time the deployment of 
the propeller to achieve maximum rotational speed at the time 
of target impact; Relatively simple guidance and control 
actuation may be added to the intercepting projectile (propel 
lers) to guide the projectile towards the target; and One-way 
means of communication between a "ground' station (the 
vehicle to be protected) and the intercepting vehicle can be 
added for guiding the projectile towards the target. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. These and other features, aspects, and advantages of 
the apparatus and methods of the present invention will 
become better understood with regard to the following 
description, appended claims, and accompanying drawings 
where: 

0011 FIG. 1 illustrates a graph showing a trajectory of an 
intercepting projectile and a target projectile and the process 
of interceptor projectile deployment and interception. 
0012 FIG. 2 illustrates a graph showing a trajectory of a 
whirlybird intercepting projectile and a target projectile and 
the process of interceptor projectile deployment and intercep 
tion. 

0013 FIG. 3 illustrates a first implementation of a deploy 
ing means for an interceptor projectile of the present inven 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0014. The novel intercepting projectiles (alternatively 
referred to herein as “interceptors') and their means of deliv 
ery for effectively defeating shoulder fired rockets or other 
similar weapons that are fired from very close range, in the 
order of a 50 meters radius, will now be described in detail. 



US 2010/0282053 A1 

The basic operation of the systems and methods of the present 
invention for target interception and target defeat will then be 
described. 
0015 Consider an incoming projectile or missile (target) 
with a cross-sectional area A (radius r) that is traveling at a 
speed of V. An intercepting projectile is launched that would 
deflect or destroy (defeat) the target at an interception dis 
tance, L, say about 40 meters. 
0016 Let the interceptor projectile be traveling at a speed 
of V, and a have a cross-sectional area A, (radius r.). Also let 
the closest distance from the center of the target to the center 
of the intercepting projectile bed. In order to maximize the 
probability of intercept the following observations are true. 
0017. In order to achieve an interception, the distanced 
must be smaller than the difference between the radii of the 
interceptor and the target, i.e., 

der-r (1) 

0018 To increase the probability of interception, either the 
distanced has to be made Small or the cross-sectional area of 
the intercepting projectile A (i.e., the radius r.) has to be made 
large. Attempt is obviously always made to fire as close as 
possible in the direction of the incoming target. However, 
making the distanced Small as compared to the radius of for 
example, a medium caliber projectile is technically very chal 
lenging, particularly since due to the very short travel dis 
tances, minimal time is available to even achieve considerable 
course correction if a very Smart intercepting projectile is 
fired at the target. By increasing the radius r, of the intercept 
ing projectile, the probability of hit is significantly increased 
since the cross-sectional area A, of the intercepting projectile 
is proportional to the square of its radius. However, the latter 
option means firing a very large caliber projectile at the target, 
which is obviously impractical. 
0019. The interaction time t during which the interception 
can occur, i.e., the time during which the target and the inter 
cepting projectile are side by side longitudinally, is propor 
tional to the sum of the lengths of the target 1 and the inter 
cepting projectilel, while being inversely proportional to the 
Sum of the corresponding two Velocities V and V, i.e., 

0020. In order to increase the probability of intercept, i.e., 
interaction between the target and the intercepting projectile, 
the interaction time t has to be maximized. The only param 
eters that can be manipulated here are the velocity of the 
intercepting projectile V, which should be made as Small as 
possible, and the total length of the intercepting projectile 1, 
which should be made as long as possible. The length of the 
intercepting projectile cannot be made to be too long, particu 
larly since when using a propeller type of interceptor, since 
the “thickness’ (longitudinal dimension) of the propellers 
cannot be excessive. An intercepting projectile with a slow 
linear velocity would, however, make the aforementioned 
interception distance L (the distance away from the system or 
structure that is to be protected and at which the interception 
occurs) too small. 
0021. It is, therefore shown that the probability of inter 
cept is maximized by using intercepting projectiles that have 
large cross-sections A, and travel at relatively slow speeds. 
However, both prospects have serious drawbacks since they 
require that very large caliber projectiles to be fired at the 
target which is to be intercepted a very short distance from the 
vehicle or other systems or structures to be protected. 
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0022. The novel intercepting projectile concepts disclosed 
herein are readily shown to achieve all the advantages of large 
cross-section and slow moving intercepting projectiles while 
all their shortcomings are avoided. This is the case since the 
provided intercepting projectiles are designed with the fol 
lowing basic characteristic: The proposed intercepting pro 
jectiles have varying cross-sectional area A varying linear 
Velocity V, and varying spinning rate () (angular Velocity 
about the longitudinal axis of the projectile). The proposed 
intercepting projectiles are launched (fired) with Small cross 
sectional areas at high speeds. As the intercepting projectile 
approaches the incoming target, its effective cross-sectional 
area is increased significantly, while its linear Velocity is 
decreased and its spinning rate is increased. The presence of 
sensory information that can be used to trigger the above 
process when the intercepting projectile is at an optimal dis 
tance from the target would obviously enhance the effective 
ness of the interception. 
0023 The above basic characteristics that the intercepting 
projectiles are desired to have can be readily achieved by the 
novel designs that are being proposed. In general, the follow 
ing two basic design options are available. 
0024. In a first implementation the projectiles is wind 
milled. In windmilling, an intercepting projectile is launched 
from a small or medium caliber gun barrel. The projectile is 
constructed with a set of deployable propellers that are spring 
loaded. The propeller release mechanism will be fast acting, 
preferably based on detonation of a small charge. 
0025. Due to the short distance to the point of target inter 
ception, the optimal exit velocity is expected to be high but 
subsonic. The projectile is preferably launched from a rifled 
gun and is therefore spinning as it exists the muzzle. If a 
smooth bore barrel has to be used, for example to ensure the 
Survival of the deployment mechanism and components or as 
may be required when sensors and electronic gear are added 
to make the projectile more smart, then fins have to be added 
to ensure projectile stability. The required spinning rates may 
then be induced partially by the fins and the aerodynamic 
design of the projectile and by the propeller themselves. 
0026. At an optimal distance from the target, the propel 
lers are deployed to increase the effective cross-sectional area 
to equal the span of the propellers. The propellers would then 
windmill, creating drag and slowing the interceptor. The spin 
ning rate of the projectile is also increased. 
0027. To describe the methods and devices of the present 
invention in more detail, FIG. 1 illustrates a sketch of the 
trajectories of the incoming projectile (target) and the inter 
ceptor. In this illustration, time t is plotted on the vertical axis 
and the horizontal distance X from the location that is to be 
protected (i.e., where the interceptor is launched) is plotted on 
the horizontal axis. Obviously we are in three-dimensional 
space, but for Such short distances and times, a one-space 
plus-time problem is a good approximation. 
0028. The trajectory of the incoming projectile is approxi 
mated by the straight line (constant velocity) with a slope 1/V. 
where V is the velocity of the incoming targeted projectile. 
The time of impact at the protected object if there were no 
interception would then be tX/V, which sets the time scale 
for the present problem. Here, X is considered to be the 
distance at which the intercepting projectile is fired at the 
target. For example, if the velocity V is 150 m/s (Mach=0.5) 
and the distance X is 50 m, then the characteristic time is 
about/3 of a second. 
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0029. At the time t, a number of radial arms (airscrew) 
unfold, hinged aft. These arms are airfoil shaped in their 
cross-section. They act as a windmill, deriving torque from 
the axial flow. The axial flow velocity is the speed of the 
intercepting projectile. Thus, the transient effect of unfolding 
the radial arms is to reduce the linear momentum of the 
projectile (slow it down) and increase its angular momentum 
(spin it up). The end of the transient is then when there is no 
exchange of momentum, i.e., when the airscrew is essentially 
an anemometer. Of course, overall aerodynamic drag will 
cause both linear and angular momentum to decrease in time, 
but on a longer time scale. 
0030 The intercepting projectile may be spinning from 
being fired from a rifled barrel, in fact, the initial rotational 
(spinning) Velocity is a design parameter of the problem. This 
rotational velocity must, however, be such that there is a 
windmilling effect. 
0031. After deployment, there is the spin up and linear 
velocity slowdown phase, which is shown in FIG. 1 as the 
slope becoming more vertical. 
0032. After the deployment and linear velocity slowdown 
and spinup phase comes the intercept phase. During the time 
before the intercept phase begins, two events must occur: (1) 
The speed of the projectile interceptor V, should be slowed to 
a speed much smaller than the target velocity V. This will 
maximize the intercept time; and (2) The projectile intercep 
tor should have an angular speed (spin rate) Such that one of 
the blades (radial arms) will hit the incoming projectile dur 
ing the intercept phase. The overall blade diameter should be 
large enough to maximize an intercept. 
0033. The linear and angular speeds are preferred to be 
more or less constant during the intercept phase. Thus, during 
the intercept phase, if the intercept time t, equation (2), times 
the angular speed of the interceptor (), times the number of 
airscrews, n, is larger than 2L, the interceptor has increased its 
effective length 1, thereby the intercept time t is significantly 
increased. 

0034. The probability of a blade of the interceptor touch 
ing the incoming projectile (target) is 100 percent if the dis 
tance between centerlines of the two objects, d, is less than the 
difference between their radii as indicated by the relationship 
(1). As pictured in FIG. 1, the windmill should be aft of the 
center of gravity for longitudinal stability, i.e., the windmill 
should pull the interceptor backwards. 
0035. A simple mathematical model of the interceptor 
after deployment involves two forms of Newton's second law, 
one for the linear motion and the other for the angular motion. 

d Vi D(W (3) m = - (V, a) 

Idy = eD(V, a) ro (4) 

where D is drag due to transferal of linear momentum to 
torque, which is a quadratic function of the Velocities, and 
will decelerate the interceptor, and C. is a drag parameter. 
0036. This drag will then provide a positive torque, with 
efficiency e and radial length ro that will spin up the intercep 
tor. A detonation for a planar blast is preferably triggered 
when an air blade contacts the incoming projectile. A signifi 
cantly more effective method is to sense the location of the 
propeller that strikes the target to trigger a directional charge. 
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0037. In the most “passive' design, the propellers would 
be spring-loaded and deploy at a preset time following 
launch. There are a number of scenarios of intercept that we 
shall examine. Such scenarios result due to, for example, 
variations in the initial distance (the distance of the target 
from the location to be protected as the interceptor is fired), 
distance of intercept, speed of incoming projectile, and the 
charge necessary to deflector destroy the target. The problem 
is therefore a multi-objective design problem. 
0038. Some design parameters are: The initial spin rate of 
the interceptor; The number of airscrews and possibility of 
more than one layer: The initial velocity of the interceptor; 
Propeller deployment time; and Means and method of deto 
nating the charge, the type of charge and the detonation 
related parameters. These parameters Suggest the various 
degrees of “smartness” that can be built into the target inter 
ception system, from the dumbest of all being that all the 
parameters are statically preset, through being preset at 
launch, to be controlled via sensory information and onboard 
microprocessors continuously during flight. The pitch of the 
blades may also be varied for optimal action. 
0039. The intercepting projectile preferably has a typical 
projectile shape, i.e., a body of revolution with an ogive bow. 
0040. The primary advantages of the windmill type of 
interceptors are that: (1) Because of the increased cross sec 
tion, a less Sophisticated aiming mechanism is needed; (2) No 
actuators or on board electronics are necessary; (3) No track 
ing of interceptor is required; (4) Only detection of incoming 
projectile is required; (5) A bank of such devices could be 
fired simultaneously; (6) The rapid-fire multi-barrel gun can 
fire a “wall of interceptors at the target to assure successful 
intercept; and (7) The intercept projectiles and their means of 
delivery may be made incrementally “smarter and more 
lethal. 

Whirlybird Deploying Interceptor Projectile 

0041. A simpler concept would have a constant interceptor 
area A, in time, with the interceptor launched as a whirlybird. 
Using a torsional spring to spin the intercept projectile at 
launch. Thrust is generated by the spinning propellers. Fol 
lowing launch, the spinning rate and the linear Velocity may 
be significantly increased by firing appropriately positioned 
shots. In comparison with the previous option, the linear 
velocity V, would be low, hence the intercept distance L will 
be small. This concept is for objects that have some other 
means of protection, such as a light armor, or have a relatively 
Small profile so that by minimally deflecting the target, col 
lision could be avoided. 
0042. The trajectory of the whirlybird concept for inter 
cept is illustrated in FIG. 2. Similar to FIG. 1, the trajectory of 
the incoming projectile is shown. The trajectory of the whir 
lybird is shown on the left. Note that after an initial accelera 
tion (not shown) there is a longer period of deceleration. 
0043. Here the function of the airscrew is to transfer the 
angular momentum (from launch) of the projectile to linear 
momentum by energizing the axial flow though the blades. 
The transfer drag slows the rotation of the propellers, which in 
turn provides transferred momentum to overcome the aero 
dynamic drag of linear motion. The end result is a continuous 
slowing of both rotational and linear velocity of the intercep 
tOr. 

0044) The whirlybird interceptor is designed such that 
during the intercept time, the linear Velocity is low enough but 
the rotational Velocity is still high enough to guarantee a hit. 
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For this reason, the number of propeller arms should to be 
more than the previous embodiment and the possibility of 
employing more than one layer of propellers that are posi 
tioned at a predetermined distance from each other. A direc 
tional charge would also be more appropriate compared to a 
plain charge since the point of interception is close to the 
object being protected. 
0045. A number of design are possible, such as (1) To 
increase the distance traveled, the interceptor can be fired to 
provide some initial linear momentum, and/or (2) Depending 
upon the firing speed, the airscrews may still act as propellers 
or may act as a windmill decelerating the interceptor from 
launch. 

0046. As pictured in FIG. 2, the propellers must be in front 
of the center of gravity for longitudinal stability (The propel 
lers pull the interceptor through the air). 
0047. The design parameters are: (1) Initial torque; (2) 
Initial linear velocity; and (3) the number of blades. In addi 
tion, the pitch of the blades may be allowed to change (de 
crease) with time, so as to keep the rotation speed high by 
minimizing the rotational drag. 
0048. The primary advantages of the whirlybird type of 
interceptors are that: (1) Because of the increased cross sec 
tion, a less Sophisticated aiming mechanism is needed; (2) No 
actuators or on board electronics are necessary; (3) No track 
ing of interceptor is required; (4) Only detection of incoming 
projectile is required; and (5) A bank of such devices could be 
fired simultaneously. 
0049. In general and similar to any other protective 
weapon, the effectiveness of the weapon is increased if the 
target is rapidly spotted and the intercepting projectiles are 
fired in its direction as accurately as possible. Since the pri 
mary objective of the projectile interceptors, a list of possible 
launch platforms and their mode of operation are briefly 
described. Here, the objective is that the development of 
launch platforms can be rather routine, even though some of 
the options are technologically challenging. The latter state 
ment is believed to be justified since other similar platforms 
with even more strict requirements have in the past been 
developed by the military. 
0050. The options available for the launch platforms 
include the following: (1) Multiple launch tubes (barrels) are 
mounted radially over a relatively slow but fast enough rotat 
ing (in the horizontal plane) platform. By having multiple 
launch tubes positioned a short angular distance from each 
other, the platform has to only be rotated a few degrees to 
direct the interceptor in the direction of the incoming target. 
The pointing becomes even faster since the platform does not 
have to be stopped for firing. A number of launch tubes may 
also be stacked at each location; (2) Similar to the previous 
platform with the difference that the platform is continuously 
rotating. As the result and by having enough launch tubes in 
the radial direction, one of the launch tubes will be pointing in 
the appropriate direction for firing almost instantaneously; 
(3) A fixed set of launch tubes may be directed in the direc 
tions of maximum threat. This is particularly appropriate for 
stationary objects or objects that are not moving and have 
positioned themselves in a position in which there are only 
limited directions from which they would be threatened. Such 
platforms may, for example be set up all around a camp to 
protect the interior assets from incoming threats; (4) All the 
above launch platforms may be equipped with guns that fire 
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multiple rounds very rapidly. The platforms may also be 
equipped with radar or other target sensing and fire control 
systems. 
0051 Referring now to FIG.3 an alternative implementa 
tion for deploying the blades of a projectile is shown. Refer 
ring to FIG. 3, a purely mechanical means for deploying the 
blades is shown. FIG.3 shows a projectile 100 having a shell 
102 with slots 104. In the interior of the projectile 100 is 
housed a slidable mass 106 having flexible blades 108 
depending therefrom towards the rear of the projectile 100. 
Upon firing of the projectile 100, the acceleration of the 
projectile causes the mass 106 to move relative to the shell 
towards the rear of the projectile. As the mass 106 moves 
rearward, a block 110 forces the flexible blades 108 to enter 
the slots 104 and deploy from the shell 102. The block can 
also be shaped to also twist the blades 108 as they deploy to 
facilitate either propelling or slowing of the projectile 100. A 
damping means (not shown) may be added to slow the accel 
eration of the mass 106 resulting in a slowing of the deploy 
ment of the blades 108. Further, a similar arrangement can be 
used without using the acceleration of the projectile 100 to 
deploy the blades 108. For instance, a charge can be detonated 
in the vicinity of area A to drive the mass rearward. The 
charge can be detonated at the time of firing or at a predeter 
mined time interval after firing. 
0052 While there has been shown and described what is 
considered to be preferred embodiments of the invention, it 
will, of course, be understood that various modifications and 
changes in form or detail could readily be made without 
departing from the spirit of the invention. It is therefore 
intended that the invention be not limited to the exact forms 
described and illustrated, but should be constructed to cover 
all modifications that may fall within the scope of the 
appended claims. 

1-10. (canceled) 
11. A method for protecting a second location against a first 

projectile fired from a first location at the second location, the 
method comprising: 

firing at least one second projectile toward the first projec 
tile; and 

increasing a footprint of the second projectile via a deploy 
ment from the second projectile to prevent the first pro 
jectile from Striking the second location; 

wherein the firing comprises one or more of 
positioning multi-tube launchers at varying angular 

intervals at least around a portion of the second loca 
tion, the multi-tube launchers having a plurality of 
launch tubes, each of the launch tubes for launching a 
corresponding second projectile; 

positioning multiple layers of launch tubes for launching 
the second projectile at varying angular intervals at 
least around a portion of the second location; 

moving a launch tube for launching the second projectile 
in a desired direction toward the first projectile prior 
to firing; and 

continuously rotating the multi-tube launcher for 
launching the second projectile so that at least one of 
the launch tubes thereof is oriented towards the first 
projectile. 

12. An apparatus for protecting a second location againsta 
first projectile fired from a first location at the second loca 
tion, the apparatus comprising: 

at least one second projectile to be fired toward the first 
projectile; 
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means for increasing a footprint of the second projectile via 
a deployment from the second projectile to prevent the 
first projectile from Striking the second location; and 

one or more launch tubes for firing the second projectile; 
wherein the one or more launch tubes comprises means for 

continuously rotating a multi-tube launcher for launch 
ing the second projectile so that at least one of the launch 
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tubes thereof is oriented towards the first projectile, the 
multi-tube launchers having a plurality of launch tubes, 
each of the launch tubes for launching a corresponding 
second projectile. 

13-16. (canceled) 


