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PROJECTILE AND WEAPON SYSTEM PROVIDING VARIABLE LETHALITY 

Origin of the Invention 

5     The invention described herein was made in the performance of 

official duties by an employee of the Department of the Navy and may 

be manufactured, used, licensed by or for the Government for any 

governmental purpose without payment of any royalties thereon. 

10 Field of the Invention 

The invention relates generally to non-lethal projectiles and 

weapon systems, and more particularly to a projectile and weapon 

system that are adjustable in terms of the lethality thereof. 

15 Background of the Invention 

Until recently, any fired weapon (e.g., hand gun, shotgun, 

rifle, etc.) was considered to be a lethal weapon. That is, the 

projectiles fired from the weapon were of sufficient size/hardness 

and were fired at sufficient velocity to render a lethal blow to a 

20 target individual. More recently, efforts have been made to produce 

weapons and/or projectiles that are not meant to kill a target 

individual. In terms of non-lethal weapons, the weapons are 

typically designed to fire a projectile at slower speeds to reduce 

the lethality of the fired projectile.  In terms of non-lethal 

25 projectiles, a variety of rubber-based projectiles have been 

developed for use in standard weapons. For example, the rubber 

material can be formed as the projectile body, as balls or small 

pellets dispersed from a shotgun shell, or as small pellets contained 
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within a pouch or bag. However, there is currently no projectile 

that can be used as either a lethal on non-lethal projectile. 

Further, there is no weapon system that offers the user the ability 

to adjust the lethality of the weapon by adjusting the lethality of 

5 the projectile that is to be fired therefrom. 

Summary of the Invention 

Accordingly, it is an object of the present invention to provide 

a projectile and weapon system having a variable lethality. 

10    Another object of the present invention is to provide a 

projectile and weapon system having a variable lethality that can be 

changed just prior to the firing thereof. 

Still another object of the present invention is to provide a 

method of changing the lethality of a projectile. 

15     Yet another object of the present invention is to provide a 

weapon system that can operate over a range of lethality. 

A further object of the present invention is to provide a weapon 

system that can change the lethality of a projectile that is to be 

fired therefrom. 

20    A still further object of the present invention is to provide a 

weapon system that can fire lethal and non-lethal projectiles. 

Yet another object of the present invention is to provide a 

.weapon system that can make a projectile fired therefrom lethal or 

non-lethal. 

25     Other objects and advantages of the present invention will 

become more obvious hereinafter in the specification and drawings. 

In accordance with the present invention, a weapon system and 

projectile are disclosed. The projectile incorporates a rheological 
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fluid. In general, the projectile has a housing defining a shape for 

a projectile with the rheological fluid being contained within the 

housing. The rheological fluid is one or more of an 

electrorheological (ER), magnetorheological (MR) or enhanced-MR 

5 fluid. The viscosity of the rheological fluid is adjustable in the 

presence of an appropriate field of energy. The weapon system 

includes a launching device (e.g., a gun) for firing the projectile 

therefrom. An energy field generator, coupled to the launching 

device, generates the appropriate field of energy about the 

10 projectile to change (i.e., increase) the viscosity of the 

rheological fluid. The projectile is designed such that it is; i) 

non-lethal when the rheological fluid has not been subjected to the 

field of energy, and ii) more lethal when the rheological fluid has 

been subjected to the field of energy. 

15 

Brief Description of the Drawings 

FIG. 1 is a top-level schematic diagram of a weapon system that 

provides variable lethality in accordance with the present invention; 

FIG. 2 is a cross-sectional view of one embodiment of a 

20 projectile constructed in accordance with the present invention in 

which a compliant outer casing seals a rheological fluid therein; 

FIG. 3 is a cross-sectional view of another embodiment of a 

projectile in accordance with the present invention in which a 

compliant absorptive material has absorbed the rheological fluid; 

25 FIG. 4 is a cross-sectional view of another embodiment of a 

projectile in accordance with the present invention in which a 

shotgun-type casing houses a plurality of pellets or balls containing 

a rheological fluid; 
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FIG. 5 is a schematic view of the energy field generator and 

generated energy field depicting how the energy field affects a 

projectile incorporating a rheological fluid in accordance with the 

present invention; and 

5 FIG. 6 is a schematic view of one embodiment of an energy field 

generator in the form of a choke device fitted to the end of a launch 

device's barrel. 

Detailed Description of the Invention 

10 Referring now to the drawings, and more particularly to FIG. 1, 

a weapon system in accordance with the present invention is shown and 

referenced generally by numeral 10. Weapon system 10 includes a 

launch device 12, a projectile that incorporates a rheological fluid 

14 housed in launch device 12, and an energy field generator 16 

15 coupled to launch device 12. It is to be understood that weapon 

system 10 can be implemented in a variety of ways without departing 

from the scope of the present invention. That is, using the 

teachings described herein, one of ordinary skill in the art in the 

fields of firearms and ammunition could make a variety of weapons and 

20 projectiles falling within the scope of the present invention. 

Launch device 12 can be any hand-held gun (e.g., hand gun, 

rifle, shotgun, etc.) or free-standing gun used to fire projectile 14 

therefrom. Launch device 12 "houses" projectile 14 prior to the 

firing thereof.  For purposes of the present invention, the term 

25 "houses" is meant to encompass a variety of situations. For example, 

the term could refer to the barrel of launch device 12 to include any 

portion thereof from the barrel's breech to muzzle.   The term 

"houses" could also refer to a magazine (coupled to launch device 12) 
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housing a plurality of projectiles 14 therein. Thus, it is to be 

understood that the present invention is not limited to a particular 

location of projectile 14 within launch device 12 for proper 

operation of the present invention. 

5     As mentioned above, projectile 14 incorporates a rheological 

fluid. Rheological fluids are known in the art as fluids that change 

(i.e., increase) in viscosity in the presence of an appropriate field 

of energy.  In general, rheological fluids comprise a fluid carrier 

medium having solid particles mixed therein.  In the presence of an 

10 appropriate energy field, the solid particles in rheological fluids 

move into alignment. More specifically, rheological fluids respond 

by forming fibrous structures parallel to the applied field. When 

this alignment occurs, the ability of the fluid to flow is 

substantially decreased as the formation of these fibrous structures 

15 triggers a significant increase (e.g., by factors as high as 100,000) 

in the viscosity of the fluid. This phenomenon has been observed to 

occur in the presence of both magnetic fields and electrical fields 

resulting in the terminology "electrorheological fluid" (ER fluid) 

and "magnetorheological fluid" (MR fluid).  In general, ER fluids 

20 make use of solid particles that are responsive to (i.e., manipulated 

by) an electric field whereas MR fluids make use of solid particles 

that are magnetizable. 

In terms of ER fluids, it is well known that certain fluids 

respond to the influence of an electric potential by evidencing a 

25 rapid and pronounced increase in viscosity and an increased 

resistance to shear. Such ER fluids comprise slurries of finely 

divided hydrophilic solids in hydrophobic liquids. In the absence of 

an electric field, these fluids behave in a Newtonian fashion. 
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However, when an electric field is applied, the fluids become 

proportionately more viscous as the potential of the electric field 

increases.  In strong electric fields, the fluids can thicken into a 

solid. The electro-rheological phenomenon reverses when the electric 

5 potential is removed, and the material returns to its fluid state. 

Electro-rheological fluids change their state very rapidly when 

electric fields are present, with typical response times being on the 

order of one millisecond. The more viscous state can be maintained 

even after the electric field is no longer present. The time period 

10 for maintenance of the more viscous state will vary.  However, in 

general, the viscous state can be maintained for a period of several 

seconds after the electric field is no longer present. 

In terms of MR fluids, the basis for the magnetorheological 

effect can be explained by the interparticle force induced by an 

15 applied magnetic field. Most MR fluids have solid particles that are 

magnetizable powders   iron, steel, nickel, cobalt, ferrites and 

garnets   having particles sizes large enough (e.g., 0.1 to 100 

micrometers) to incorporate a multiplicity of magnetic domains. As 

a result, the particles possess little or no permanent magnetic 

20 moment, but are readily magnetized by an applied magnetic field. The 

level of magnetic induction induced in the bulk material is 

characterized  by  its  relative  permeability.    The  relative 

permeability is itself a function of the applied field in non-linear 

materials such as those commonly used in MR applications.  When an 

25 external magnetic field is applied to an initially random arrangement 

of magnetizable particles, a magnetic moment (roughly) parallel to 

the applied field is induced in each particle.  The resulting force 

between two particles having aligned moments is attractive.  The 
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force of attraction promotes the formation of chains or more 

complicated networks of nearly contacting particles aligned along the 

direction of the field. The network of particles so formed is 

essentially a solid in that it can support a shear stress without 

5 flowing. 

While ER and MR provide similar results, there are several 

advantages inherent in MR fluids as compared to ER fluids. For 

example, the yield stress values generated by MR fluids are 

significantly greater than those measured for their ER fluid 

10 counterparts. In fact, yield stress values in excess of 80 kPa are 

easily obtainable for MR fluids in the presence of a magnetic field. 

As a comparison, while yield stress values for MR fluids are 

typically 100 kPa, yield stresses of ER fluids are 10 kPa at best. 

An additional advantage of MR fluids over ER fluids exists in the 

15 ability of MR fluids to operate over a broad temperature range. MR 

fluids are reported to function effectively throughout the 

temperature range of 40 to 150° Celsius. Over this temperature 

range, only a small variation in the yield strength of the MR fluid 

is observed.  Lastly, MR fluids can utilize low voltage, current- 

20 driven power supplies, which are currently available for a relatively 

low cost. 

In addition to standard MR fluids (i.e., magnetizable particles 

in a non-magnetizable fluid carrier), the present invention can also 

make use of enhanced-MR fluids such as the one described in U.S. 

25 Patent No. 5,549,837. An enhanced-MR fluid is one that utilizes a 

magnetizable fluid carrier medium. The magnetizable carrier medium 

enhances the force between magnetizable particles and thus increases 

the stiffness and viscosity of the MR fluid.  This increased force 
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can allow a decrease in package size and weight of a device without 

reducing the generated torques or forces. The present invention 

contemplates the use of one or more of ER, MR and enhanced-MR fluids 

in projectile 14. Accordingly, the term "rheological" as used herein 

5 encompasses ER, MR and enhanced-MR fluids. 

The incorporation of a rheological fluid in projectile 14 can be 

achieved in a variety of ways, several of which will be described 

herein by way of non-limiting examples. Referring now to FIG. 2, a 

projectile 14A could be implemented by an outer casing 140 that 

10 defines the shape of projectile 14. Sealed within casing 140 is a 

rheological fluid having solid particles 141 of a polarizable 

material mixed in a fluid carrier depicted by dashed lines 142. As 

used herein, the term "polarizable" refers to the material's 

sensitivity to the field of energy produced by generator 16.  That 

15 is, the term indicates that the particle material is one that can be 

manipulated or aligned within the carrier fluid when subjected to the 

field of energy produced by generator 16. Casing 140 would typically 

be made from a material that is i) insensitive to the energy field 

produced by generator 16, ii) rigid enough to maintain its shape 

20 regardless of the state of the rheological fluid, and iii) compliant 

enough to allow the "rigidity" of the rheological fluid to govern the 

lethality of projectile 14A as will be described further below. 

However, casing 140 could also be made from a material that sustains 

the applied energy field.   That is,  casing 140 could be a 

25 magnetizable material when the rheological fluid is an MR fluid, or 

casing 140 could be a capacitive material when the rheological fluid 

is an ER fluid. 
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Another embodiment of projectile 14 is illustrated in FIG. 3 

where a projectile 14B is realized by a shaped block 143 of absorbent 

material (defining the shape of projectile 14B) that has absorbed or 

been saturated with a rheological fluid. Once again, the rheological 

5 fluid has solid particles 144 of a polarizable material mixed in a 

fluid carrier depicted by dashed lines 145. The "rigidity" of the 

rheological fluid will govern the lethality of projectile 14B. 

Still another embodiment of projectile 14 is illustrated in FIG. 

4 where a projectile 14C is realized by a shotgun-type casing 146 

10 containing a plurality of pellets or balls 147. For clarity of 

illustration, only three balls 147 are shown. However, it is to be 

understood that more of balls 147 can be used, and that they can be 

sized like a standard shotgun pellet without departing from the scope 

of the present invention.   Each of pellets or balls 147 is 

15 constructed similar to projectile 14A. That is, each pellet or ball 

147 has an outer casing 148 (i.e., analogous to casing 140) filled 

with a rheological fluid having solid particles 149 in a fluid 

carrier 150 (i.e., analogous to particles 141/fluid carrier 142). 

Regardless of the construction of projectile 14, the present 

20 invention provides for adjustment of the lethality thereof in the 

following manner. Referring now to FIG. 5, energy field generator 16 

is shown with its generated energy field represented by lines 160. 

Field 160 represents either an electric potential field or a magnetic 

field depending on the type of rheological fluid incorporated in the 

25 projectile. With the projectile immersed in field 160, the solid 

particles in the rheological fluid align themselves parallel to field 

160. Typically, the projectile is positioned relative to field 160 

such that the projectile's normal direction of travel/impact is 
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aligned parallel to field 160. For example, if the projectile is 

projectile 14A described above, particles 141 align themselves along 

the length of projectile 14A as shown thereby increasing the 

viscosity of the rheological fluid.   The increased viscosity 

5 increases the lethality of projectile 14A. In general, the alignment 

of particles 141 will be maintained for several seconds even after 

projectile 14A is removed (e.g., fired) from field 160.  Thus, 

projectile 14A can be constructed such that it is non-lethal if field 

160 is never applied thereto or lethal if field 160 is applied 

10 thereto just prior to the firing thereof. 

Since the projectile need only be immersed in the energy field 

for as little as one millisecond, generator 16 can be implemented in 

a variety of ways. For example, as illustrated in FIG. 6, the energy 

field generator can be embodied in an energy-field-generating choke 

15 device 162 coupled to the end of the launch device's barrel 120. 

Choke device 162 generates the required energy field through which 

the projectile passes during firing. If the projectile incorporates 

an ER fluid, choke device 162 is essentially a pair of spaced-apart 

energized electrodes between which the projectile passes.  If the 

20 projectile incorporates an MR or enhanced-MR fluid, choke device 162 

is essentially a permanent or electromagnet generating a magnetic 

field through which the projectile passes. 

If there is insufficient time for the rheological fluid to 

change viscosity during the time it passes through choke device 162, 

25 the present invention could also be realized by placing energy field 

generator 16 in a position that permits a longer dwell time in the 

produced field. Therefore, as mentioned above, generator 16 could 

provide its field all along the launch device's barrel, at the breech 

10 
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end of the launch device if the projectile is designed to be 

chambered there, or around a magazine holding a plurality of the 

projectiles. 

The advantages of the present invention are numerous. A new 

5 class of weapon system provides the ability to vary the lethality of 

the projectile being fired therefrom. Further, a new class of 

projectile is disclosed that can be non-lethal or lethal in nature. 

The present invention can utilize available ER, MR or enhanced-MR 

fluids in a variety of projectile structures.  Thus, the present 

10 invention can be adapted to work in a broad variety of non-lethal and 

lethal weapon operations. The lethality of the projectile is 

continuously variable since lethality is related to the strength of 

the applied energy field. 

Although the invention has been described relative to a specific 

15 embodiment thereof, there are numerous variations and modifications 

that will be readily apparent to those skilled in the art in light of 

the above teachings. For example, a single projectile could 

incorporate both ER and MR fluids where the viscosity of one or both 

is increased prior to the firing thereof.  Construction of the 

20 projectile could be such that: i) the application of no energy fields 

maintains the projectile in its most non-lethal state, ii) the 

application of one type of energy field places the projectile in a 

more lethal state, and iii) the application of both types of energy 

fields places the projectile in its most ieth3"1 state.   It is 

25 therefore to be understood that : 

the invention may be practiced other than as specifically 

described. 

11 
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Abstract 

A weapon system and projectile are disclosed. The projectile 

incorporates a rheological fluid, the viscosity of which is 

adjustable in the presence of an appropriate field of energy. The 

5 weapon system includes a launching device (e.g., a gun) for firing 

the projectile and an energy field generator coupled to the launching 

device. The energy field generator provides the appropriate field of 

energy about the projectile to increase the viscosity of the 

rheological fluid. The projectile can be non-lethal when the 

10 rheological fluid has not been subjected to the field of energy and 

can be made more lethal when the rheological fluid has been subjected 

to the field of energy. 

/Ä 
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