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COST-EFFECTIVE HIGH-VOLUME METHOD TO PRODUCE
METAL CUBES WITH ROUNDED EDGES

CROSS REFERENCE TO RELATED APPLICATIONS

5 This appheation claims the benefit of ULS. Patent Application Number 132252672
filed October 4, 2011, the disclosure of which is incorporated by reference heremn n s
aniirety.

FIELD OF THE INVENTION

] The disclosed matter generally relates to methods for producing polvhedral metal
particles, mchuding high-volume methods for producing cubic particles of metals that can
be mechanically shaped.
BACKGROUND OF THE INVENTION

is Spherical metal pasticles or pellets, wenerally referred o as shot, find applications

across a munber of industries as abrasive media and ave widely used as projectiles in
shotshells for sporting purposes. Industrial shot is useful as an abrasive for etchmp &
textured sorface onto metal to enhance bonding with varions coatings, or as a biast
cleaning mediam {0 remove surface contamination from metal prodacts. Metal shot 1s
20 useful in peening processes 1o impart compressive sirength o torque~bearing metal parts
such as jet engine turbing blades. For hunting and sporting use, shot pellets for shotshells
can assume a range of sives, compositions, and densities as the particalar application
dictates.
Conventional methods for producmy of metal spheres iclude metenny the molien
25 melal into uniform portions that are dropped tnto water and cooled, while surface tension
brings the mohen sample into spherical form. Other methods impinge a jet of water or
other ftaid onto g stream of mohen metal, which stomizes the molten metal to form metal
spheres. While such methods may be suitable {or producing high vohumes of particles of
pearly wintforni size, they are not smenable to producing anyvihing other than spherical or
3 near-spherical particles.
Recently, non-spherical metal particles or shet have found wiihity i particular

shotshell applications. For example, shot pellets having a smoothed hexahedral shape, that
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1s, a cube with smooth or rounded edges and comers, show promise for improved sting
foads. The cubic structure of the peliets is more space-filling and packs more efficiently
than spherical shot, thereby providing a greater mass of shot i the same ynit volume as

compared to spherical shot. This feature may be particularly useful for hunting loads

Ly

where balhistic steel and various high density alloys are supplanting lead shot, as lead
becones morve strictly regulated. One example of flattened spherical shot is Hlostrated in
U8, Patent No., 3,952,659,

Thereforeg, methods are needed that can produce non-spherical metal pariicles,
including metal cubes with rounded edges, efficiently snd in high vohone, What are also
10 peeded are methods that can provide non-spherical metal particles, which are amenable o

mass production of metal cubes and ave relatively economical.

SUMMARY OF THE INVENTION

According to one aspect of this disclosure, there 15 provided a method of making

et
1.4

non-spherical metat shot, specifically, polvhedral shot such as cubic shol. This disclosure

also deseribes a cost-effective process for producing metal cobes (hexabedra) with

rounded edges. The resulting metal cubes with rounded edges have pood balk fow

properties and pack efficiently, enabling their use as advanced projectiles for shotshell

ammunition. One feature of the disclosed method ts it scalability and adaptability for

20 muass production of the desired metal cubes, thereby imparting econonne viability to the
process. A wide variety of sizes and finishes and degree of rounding on the edges of the
metal cubes can be achieved according to this disclosure, making this technology versatile
as well as economical. While there are no theoretical restrictions on the size of the metal
cube that can prepared as disclosed, this process wotks very well from a practical

25 perspective with approximately 56 mm or smaller shot, that 1s, 53-6 nun square and
smatler.

This disclosure also describes, among other things, unique combinations of metal
processing methods. For example, in one aspect, there is disclosed the drawing or rolling
and chopping of square-profiled wire, grinding of the resalting particle that leads to partisl

36 mechamcal rounding, followed by hugh-energy finishing. While the disclosed methods are
exemplified primartly with low-carbon steel, they can be adapted to any material that can

be mechanically shaped, inclading any mumber of metals. composite, alloys, and the like.
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Thus, in accordance with one aspect, there 1s provided a process for making non-
spherical shot, ncluding symmetric non-spherical shot, the method comprising:
g, providing a metal wire having a non-circular ¢ross section;

b. serially cutting the metal wire into rough shot

Ly

¢. applying a radios to the rough shot to provide radiused shot with edges
having a selected radius of curvature; and
d. fimshing the radiused shot by energetically contacting the radiused shot
with a finishing medium to provide finished non-spherical shot.
The step of applving a radius to the rough shot can be carried out, for example, by
1) erinding or by a type of abrasive blasting. A number of additional and optional steps may
be mcluded 1 the subject process, if desired. For example, the finishing step can further
energetically contact the radiused shot and the Hmishing mediam with 8 cleanmmy
compound. The finished non-spherical shot can be optionally stress annealed to reduce or

eliminate hardening introduced from the mechamcal shaping steps, if so desired.

et
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Optionally, the finished non-spherical shot or the annealed finished non-spherical shot can
be polishing.
in another aspect, this disclosure provides a method or process for making non-
spherical shot, including symmeiric non-spherical shot, the method or process comprising:
a. extroding or drawing a metal wire through a die having a von~circular
20 cross section to provide a metal wire having a non-circular cross section;
b. serially cuiting the metal wire mio rough shot;
¢. grinding the rough shot io provide radiused shot with edges havinga
selected radius of curvature;
d. finishing the radiused shot by energetically contacting the radiused shot
25 with & finishing medivm and optionally a cleaning compound to provide finished
non-spherical shot;
e. optionally, annealing the finished non-spherical shot; and
{ optionally, polishing the annealed finished non-spherical shot.
This process is well-susted for the production of metal cubes with rounded edges,
36 wherem the process can comprise:
a. providing a metal wire having a sguare cross section Or & square cross

section with rounded edges;
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b. sertally cutting the medal wire mio rough cubes;
¢. grinding the rough cabes to provide vadiused cubes with edges having a
selected radius of curvature; and

d. finishing the radiused cubes by energetically comacting the radised

Ly

cubes with a finishing medium to provide fmshed metal cubes with rounded

edpes.

These and other aspects and embodiments of the disclosed methods and articlss of
mamifacture are described more fidly in the detailed description and further discloswre
provided herein.

1
BRIEF DESCRIPTION OF THE FIGURES

The accompanying figures, which are incorporated in and constitute a parnt of this

specilication, illusirate several aspects described below.

FIKG. 1 iy a perspective iflustration of the general shape of 3 metal cube wath

et
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ronmded-sdges that can be mass produced according to this disclosure.

FIG. 2 is an end-on drawing of 8 metal cube with rounded-edges according 1o this
disclosure, dHlustrating the approximately square cross section and the radius of curvature
of the rounded edges of the metal cube.

FIG. 3 13 a process schematic iltustrating vavious aspects of the disclosed method
20 and showing the correlation of process steps.

FIG. 4 is a perspective iHustration of the general shape of the metal cube rough
shot after some rounded adpes have been imparied by the drawing die, but prioy to

grinding for conversion to radiused shot.

25 DETAILED DESCRIPTION OF THE INVENTION
The subject matter of this disclosure may be understood more readily by veference
1o the following detailed description of specilic aspects thereof It is understood that the
ternunclogy used herein is for the purpose of describing particular aspects of the disclosed
subject matter and is not intended (o be limiting,
30 Among other things, this disclosure provides a process for making polyhedral
metal shot, particularly, metal cubes (hexahedra} with rounded edges, m a cost-effective

and high volume manner. The use of more space-filling shot such as metal cubes as

o
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projectiles 1s advantageous at least because such a geometry provides a greater mass of
shot in the same anit volume as compared to sphencal shot. The use of rounded edges to
the metal cubes (hexahedra) is advantageous at least because the rounding allows the
metal cubes to flow efficiently and display good ballistic properties. These features are
highly useful with steel shot projectiles for shotshells, where increasing the total projechie
weight within the same shotshell volunie is desirable and where projectile matenal
densities are typically less than that of lead. The advantageous features of metal cubes
with rounded edges are applicable to vanous alloys of ungsten, ron, bismuth and the like,
which are beconung increasingly common, yet which often do not attain the same density

of lead.

CGieneral Procedure

fn one exemplary aspect, for example, the shot of this disclosure can be made
using low-carbon steel, wherein the low-carbon steel can be drawn or extraded into wire
with a square cross-section oF a square cross section with rounded edges. For example, the
subject shot can be made using low-carbon steel, wherein the low-carbon steel can be
drawn ot extruded into wire with a square profile or cross-section. The drawing die can
impart the square shape or any non-circular cross section to the wire. Moreover, the
drawing die also can impart rounded edges to the wire, for example, the drawing die can
achieve the general, square shape to the wire and also inchude rounded edges having the
desired radius. This feature provides what 15 essentially a processing advantage towards
the desired final gecmetry and notably improves the efficiency of the subsequent grinding
process o tmpart rounded edges o the remaining, angalar {(non-rounded} edpes that arise
from chopping or cutting the wire.

The drawn or extruded wire can then be precisely and serially chopped o cubes
of rough shot, that are then ground or “radiused™. This radivsing step can be carried out
using what is termed a Steel Ball Processimy Machine by its developers, or by propelting
the rough shot against 8 hardened steef plate, which is termed here as abrasive blasting or
“maodified” abrasive blasting. These methods are capable of rounding the remaining sharp
edges of the cubes that were not previously rounded as drawn, to impart the desived radius
of curvature and generale what 18 tevmed radiused shot. The Steel Ball Processing
Machine grinding process and abrasive blasting process typically leave a burr or flash on

the radiused shot, which can subsequently be removed by emploving a centrifugal dise
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finishing (CDFY provess. To achieve the desired finished shot, the UDF process 18 carried
out using a tatlored fmshung media as disclosed hevein, to provide the fnished and
debwrred metal cubes with rounded edges. Finally, it desired, the resulting metal cubes

can he stress annealed to reduce or eliminate any hardening introduced by the mechanical

Ly

shaping operations. An optional polishing step can also be undertaken to impart a fine
polish to the shot surlfaces.

While removal of any burr or flash from the radiused shot can be accomplished
efficiently using 8 centrifugal dise finishing (CI¥F) process; other methods for deburming
the racdiused shot are also useful, including but not limited to, refatively lower energy
1) finishing processes as compared to CDE. For example, vibratory bowl finishing, high
energy cenirifugal barrel finishing, and similar finushing methods, typically using ceramic
fmshing media as disclosed herein, can also provide the desived finished shot. In these
methods, specific operational parmmeters such as finisher speed and time of mshing can

be ascertained and adjusted as understood by the skifled artisan.

15 Suuctural Features of Metal Cubes with Rounded Edues

The peneral strucharal features of the non-spherical shot that the subject process

provides are ilustrated the perspective view of FIG. 1 of the general shape of a metal cube
§ with rounded-edges that can be mass produced according to this disclosure. Metal cube
5 15 the general stracture of the finished shot, afier 1t has been radiused and Hshed o

20 remove any burrs or flash. Metal cube § comprises flat faces 18, rounded edges 18, and
rounded corners 2@, having approximately the sgme radius of curvature as the rounded
edge 15, The 25-25" line iltustrates a body-centered hine through the midpoint of the metal
cube 8, which transverses the midpoint of opposing and parallel fat faces 19, and which

constitutes a reference tine m further tlustrations and descriptions.

o
]

FIG. 2 is an end-on drawing of a metal cobe §, viewed through one face along the
258-25" hne, and also Hustrating the flat face 10, rounded edge 15, and rounded corner 28
The FIG. 2 dlustration demonstrates the radius of curvature 38 of the finished metal cube
S. The radius of curvature 30 circumscribes circle 38, which oceupies a plane
perpendicular to the 25-28' line, midway between the opposing and parallel flaf faces 18,
3 and which is 1Bustrated 1o FIG. 2 as viewed along the 2828 ine. FIG. 2 also tlustrates
the face-to-face or “square profile” diameter, 40, which is measured from the midpoin of

opposing and parallel flat faces 16, and which can be referred to simply as the diameter of
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the shot. Thus, the square profile diameier 48 of FIG. 2 can be measured along the body-
centered hine 28-28", shown in FIGQ. 1, or either body-centered boe perpendicular to the 25-
28" tine as shown m FIG. 2,

The radius of curvature 30 of the metal cube shot 8, FIG. 2, 15 a feature that affects

Ly

the performance of the shot, such as the ease with which the metal cobes flow for
industrial handling and the nature of their ballistic properties. The radius of curvature 30
can be adjusted readily to aclueve the desired radius using the methods of this disclosure,
In one aspect, the selected radius of curvature 38 15 incorporated into the die or drawing
plate through which the metal wire is drawn or extraded. Conveving the selected radius of
1) curvature 30 to the edges of the drawn wire benefits the production process by pre-

forming this radnss to four of the six edges of the rough shol. As a result, the subsequent
grinding or other “radiasing” step to mmpart rounding to the remaining edges is more facile
and efficient, more readily controlled, and more consistently apphied such all six edges of

the metal cube § gre substantially identical.

et
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There 13 no limit in theory to the size of the metal cube that can preparad according
to this disclosure. The process of preparing balhistic shot can be effected o obtan metal
cubes or polyvhedra that have square profile diameters 48 (FIG. 2) similar to conventional
spherical birdshot or buckshot. For example, while this process can be used to prepare
nelal cabes with a square diameter profile of about 10 mm or more, a size that
20 cowesponds to the largest of the conventional buckshot diameters, the process is llustrated
in this disclosure for metal cubes that correspond to the larger birdshot diameters as would
be found in commercial waterfow! loads. Thus, this process i3 useful for making metal
cubes having a square dismeter profiles sinilar to round shot as follows: about 7 num,
roughly comesponding to the diameter of No. 2 buckshot; about 6 nun, roughly

25 corresponding fo the diameter of No. 4 buckshot, abowt 5 num, roughly corresponding to
the digmeter of T or BRRBB birdshot; about 4 mm, roughly corresponding 1o the dismeter of
No. 1 or No. 2 birdshot; about 3 mm, roughly corresponding to the diameter of No, 3
birdshot; about 2 mum, roughly corresponding 1o the diameter of No. 9 birdshot; and any
sizes of shot that fall between these reciled stzes. Table | reproduces the American

30 Standard Shot sizes, and metal cubes or polvhedra that have diameters similar 1o anyv of

these conventional spherical birdshot or buckshot sizes can be prepared according to this

disclosure.
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in accordance with a further aspeci, the process of preparing ballistic shot can be
effected to obtain metal cubes or polyhedra that have a werght that s comparable to
conventional spherical birdshot or buckshot, For example, based on a density of SAE

1006 carbon steel of about 7.872 giom’, spherical shot having a 4.57 mm diameter

Ly

corresponds to No. BB birdshot, but the same weight of SAE 1006 steel can be obtained in
a metal cube with no rounding of the edges having a square profile {face~-to-face) diameter
of about 3.68 mm. That is, a 4.57 nun-diameter spherg has the same mass of matenal as a
3.68 mm cube. When rounded edges are introduced to the cabe, which effectively
removes metal mass, it is apparent that the cube with rounded edges will have a square

10 profile dimmeter greater thun 3.08 mun, depending on the desired radius of curvature,

order to constitute the same mass as a 4.57 mm-diameter sphere of the same material.

Table 1. American Standard Shot Sizes

Birdshot Sizes Buckshot Sizes
Size Dia l’!}tiﬁl Size
mun {inch}

Piameteyr
mm {inch)

FF 584 mm {230 W or LG 9.1 mm (36"
¥ 339 man (2207) {0 84 mm (337)
Tt 333 mm {210 G or SG &1 num (32
T S.OR mm {200 S8G 7.9 mun (317
BBB 4 83 mm 190" i 7.6 mm (307
BB 457 sum (180" 2 6.9 mn {L277)
B 432 mam {170%) 3 6.4 num (L23M)
1 4 06 mm {160} 4 6.1 nan (24"}
2 381 mm 150
3 3.56 mm (. 140™)
4 3,30 nam (130"
3 3085 mm (120M)
6 279 mm { 110"
2.41 pay L100™)
R 2.29 num (LO90™)
9 2,03 nun (ORO™)

According to one aspect, the disclosure encompasses a method of making non-

15 sphencal, polvgonal shot in which the metal wire andfor the finished metal cubes can have

a ! num to 8 mm sguare profile diameter. In another aspect, the metal wire andfor the

finished metal cubes can have a 1.2 mm io 7 mm square profile diameter: a L3 mm o 6
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mim sguare profile diameter; a 1.5 mm to 5 nun squaare profile diameter; alternativelv, a 2
mm o 4.5 nun square profile dismeter; alternatively, a 2.5 mm to 4 mm square profile
digmeter: or alternatively, 8 3 mum to 3.5 mm square profile diameter, In still a further

aspect, the metal wire andior the {inished metal cubes can have a square profile diameter

Ly

of gshout t mam, Ll mam, L2 pm, 3 num, 1.4 nun, 1.5 mm, F.6mm, 1.7 mum, 1.8 mm, 1.9
mun, 2 mny, 2.0 moy, 22 mn, 23 mm, 24 oun, 2.3 o, 2.6 nun, 2.7 mun, 28 mm, 2.9
w3 ooy, 300 mm, 3.2 v 33 v, 3d nm, A3 mm, 36 mm, 37 mm, 38 mm, 3.9
mny, 4 mm, 4, 4.2 mam, 4.3 num, 44 o, 4.5 mm, 4.6 mm, 4.7 mm, 4.8 mim, 4.9
mny, 3 nwn, S non, 52 mm, 33 mm, 5S4 mm, S5 mom, 5.6 mm, 5.7 mm, S8 nam, 8.9

0 mny Onwn, 6.1 nun, 62 mm, 6.3 mm, &4 mm, 6.5 mom, 6.6 mom, 6.7 mm, 6.8 nam, 6.9
wan, 7w, 7o moy, T2 men 73wy, 74 o, 7.5 o, 76 nam, 77 mam, 7.8 num, 7.9
mn, or § mm, including any ranges between these numbers.

The combination ol square profile diameter and radius of curvature are

independently adjustable in the disclosed process. Thus, a further aspect provides that the

et
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metal wire andfor the fimshed metal cubes can bave a 2.5 yam to 4 mm square profile

dGiameter and 2 0.7 to 1.5 mm radias of curvature. Stll further, the metal wire andior the

finished metal cubes can have a 2.8 mum to 3.8 mim square profile diameterand a 0.9 0 1.4

mm radius of curvatire. According to stifl another aspect, the metal wire and/or the

fmshed metal cubes can have 4 radins of curvature {(to-metal wive sqaare profile

20 diameter {y) rato xoy from D1 o 115; alternatively, from 111,510 1:4.5; alternatively, from
1:2 1o 1:4; alternatively, from 1:2.5 to 1:3.5; or aliernatively, rom 128 t0 1:3.2. The
metal wire andfor the fimshed metal cubes also can have a radius of curvature (x}-o-metal
wire square profile diameter (y) ratio x2y of about 121, about 1:1.1, about 1:1.2, sbout
1213, about 1:1 .4, about 1:1.5, about 1:1.6, about 1:1.7, about 1 1.4 about 1:1.9, about

25 1.2, sbout 1:2.1, about 1:2.2, about 1:2.3, about 1:2.4, about 1:2.5, about 1:2.6, abowt

1:2.7, about 1:2.8, about 1:2.9, about 1.3, about 1:3.1, about 1:3.2, abowt 1:3.3, about

=
:
i

1:3.4, about 1:3.5, about 1:3.6, about 1:3.7, about 1:3.8, abowt 1:3.9, about {:4, about
1:4.1, about 1:4.2, about 1:4.3, abouwt 1:4.4, about 1:4.5, about 1:4.6, about 1:4.7, about

{48, gbout 1:4.9, or about -5,

3y Process Sieps and Parameters for Making Metal Cubes with Rounded Edves

FIG. 3 is a process schematic ilustrating various aspects of the disclosed method

and correlating the process steps to the articles produced thergfrom. Thus, F1G. 3
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demonstrates extruding or drawing a metal wive through at least one drawing die having a
pon~circalar cross section (step A), which provides a metal wire having a non-cireular
cross section. This wire is then serially cut (Step B} e rough shot, which is
subsequently ground (Step () to provide radiused shot with edges having a selected radius
of curvature. The radiused shot is then finished and optionally cleaned (Step I) by
energetically contacting the radiused shot with a fhushing medion to provide the product.
Finished and optionally cleaned shot additionally can be annealing (Step E) if desired, and
further optionally polished {Step F} to provide a wore {inished non-spherical shot.

The Examples illustrate the process for making metal cubes with rounded edges;
however, the disclosed process is not limited to generating metal cubes because a variety
of polyhedral shapes are capable of being made using the present method. Each of the

varions process sieps is discossed.

a. Serfally Cutting the Wive Into Rough Shot. The step of sequentially or “serfally™
cutting the drawn metal wire produces what may be termed “rough™ shot. As the metal
wire is drawn o the selected profile, the wire can be cut or chopped in a sequential or
serial fashion using standard equipment, sach as a rotating bead shearer. When preparing
steel shot by chopping steel wire, for example, the g rotating head shearer with carbide
blocks is typically used. The chopping or cutting can be executed on matal wive drawn
info any deswed profile. Thus, the disclosure encompasses a method of making non-
spherical, polveonal shot, which 1nchudes cubic shot.

One feature of the present method s its capability of providing a regular
poivhedron, namely a cube. In cube fabrication, the cut to the wire is made in a serial
mamier at repeating lengths along the wire that correspond to the face-to-face cross-
section measurement ot “square diameter profile” of the wire, If the metal 1s drawn o a
profife or cross section that is not square, for example, a iriangular, non-square rectangle,
pentagon, and the hike, then the cutting process provides a polvhedron, bt not a regular
polvhedron.

FIG. 4 is a perspective view of one example of rouph shot after it is cut from the
drawn metal wire, but prior to grinding or radiusing by processing n a Steel Ball
Processing Machine. Rough shot 45 is approximately cubie because of the equivalent
face~-to-face or “square profile” diameters (see 46 of FIG. 2) measured from the midpoint

of opposing paralle! faces 19, that 1s, the face-to-face distances as measured along the 25-

10
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25 the 70-707, and the 7878 lines are the same. Rough shot 45 features rowded edge
wmparted by drawing die 80, as well as non-rounded edge imparted by the seriaf cut 55,
Rough shot 48 also featires four (4) square faces with two rounded edges imparted by

drawing die 68, and two (2) square {aces derived from the serial cut with no rounded edges

Ly

65, the fatter of which has rounded comers fmparted by die.

As set out 1n the metal cube structural features, supra, the size of a square metal
wire, based on the face-to-face measurement or “square diameter profile” rather than an
edge-to-edge or comner-to-corner diametey profile, can be as much as about 10 mm or gven
greater. However, the process is typically carried out using wire that corresponds to the
) conventional birdshot or small buckshot diameters as standard ballistic shot sives would
suggest. For example, when the drawn metal wire has 8 square or square with rounded
edges profile, a common square diameter profile and the length of wire cut wath each
suceessive cut, can be from about 1.5 mm 1o about § mm; alternatively, from about 2 mm

to about 4.5 num; alternatively, from about 2.5 num to about 4 mm; or aliernatively, from

et
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about 3 mm {0 about 3.5 mm.

While this aspect has enphasized the drawing mwethod in which metal wirve 15
drawn and then serially cat into rough shot, other methods of forming wire into the desired
shape are also yseful. For example, metal wire of the selected cross sectional profile can
be obtained by the rolling methoed, in which a precursor metal wire or other metal material
20 is passed through a rolhing mill. In this aspect. for example, the shape, size, number, and
arientation of the rollers can be selected t© mmpart the desired shape 1o the rolled wirg,
which subsequently will be serially ot once it is rolled o a suitable profile. Moreovar,
if desired, a combination of extruding and rolling methods can be used 1o alter the cross

section of the wire as a combined effect.

o
]

b, Radiusing the Rough Shot. Once the rough shot 1s obtained, the selected radius
15 placed on the shot to form what is termed the “radiased” shot. Radiused shot differs
from Omished shot generated i the subsequent step because the radiused shot retains some
burrs or flash from the radiusing step. Carry over of these burrs generally renders the
radiused shot uasuitable for use as ballistic projectiles until the burrs are removed as
3 disclosed o the subsequent Hushing step. Generally, the radissing step can be carried out
by steel hall processing which essentially grinds the cut pellets of rough shot, or by

throwing the cut pellets of rough shot against & hardened steel plate at sufficiently high
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velocities to deform the sharp edges. This latter process 1s a modification of a
conventional abrasive blasting method.
Int one aspect, the radivused shot is ground or “radiused” by processing through a

Steel Ball Processing Machine, for example, Spezial Maschinenfabrik Schonungen (SMS),

Ly

model SEM-72. This Steel Ball Processing Machine operates using two, paraliel,
hardened-steel plates in which the top plate is fixed and the bottom plate is rotating. The
fixed top plate includes an opening through which the rough shot is introduced,
whereupon the rough shot contacts the rotating bottom plate and i3 stself moved or
tumbled in a circular fashion, while contacting both top and botiom plates. Thus, a

1) monolayer of shot s radiused as it 15 transported between the plates, After tumbhing
around a single circular path corresponding o one rotation of the bottom plate, the shot is
then ejected from the machine and collected. Thus, a “pass” through a Steel Ball
Processing Machine is a single cycle, that is, a single occurrence of processing the shot

from #s mtroduction through the top plate o its ejection from the machine, generally

et
1.4

cosresponding to one votation of the boliom plate.

One aspect of this disclosure is the selection of the machine parameters such that
the rounding process applied during grinding first and foremost operates to radius the non-
ropnded edge that resulted from the serial cat 85, FIG. 4. When these parameters are
estabhished, the rounding process applied during grinding leaves substantially unaliered
20 the rounded edge imparted by drawing die 50, While not intending to be bound by theory,

it appears that as the radius of eurvature 30a that arises from izl grnding of the non-
rounded edges 38 approaches the radius of curvature 38b of the rounded edges derived
from: the die 50, the rate at which edges 58 and 55 are further ground or radiused become
essentially the same, and a svimmetric metal cube with rounded edyes 1s formed. £ mors
25 radias of curvature i3 desired, grinding can be continued; however i grinding is continned
100 long, a round shot will resuh.
The plate pressure that is brought to bear on the monolayer of shot being radiused
is adjustable, e g, the Spezial Maschinenfabrik Schomumgen, model SLM-72 is rated up to
1O kN pressure. However i one aspect, the Steel Ball Processing Machines typically s
360 operated at what is termed a “low machining pressure”. that is, sufficiently low that the
pressure sensors of the Spezial Maschinenfabrik Schonungen, model SLM-72, do not

mdicate or register any apphied pressure, although the shot s in contact with the top and
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botiom plates during the pass. In another aspect, the rough shot can be processed through
the Steel Ball Processing Machine at » pressure selected so that the shot rolls, but is not
adversely deformed during each pass. For example, the process provides that the shot can

be radiused using & Steel Ball Processing Machines operated at a pressure of less than 20

Ly

KN: alternatvely, less than 15 kN; alternatively, less than 12 kN; alternatively, less than {0
KN alternatively, less than 9 kN; alternatively, less than 8 kN; slternatively, less than 7
kN alternatively, less than 6 kN; alternatively, less than § kN; aliernatively, less than 4
kN alternatively, less than 3 kN alternatively, less than 2 kN: o aliernatively, less than }
kN, Ineach of these examples, the tower limit of the pressure is & “low machining
1) pressure” as defined herein. According to snother aspect, the process provides that the
shot can be radiased using a Steel Ball Processing Machines operated at a low machining
pressure.

The number of passes through the Steel Ball Processing Machine that are suitable

depend upon a number of factors, mcluding but not imited to: the desired radius to be

et
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unparied o the rough shot; the hardness of the shot; the radius of the wire’s non-circular

cross section mpaned by the drawing die as the shot is cot; the revolutions per minute

{rpmy} of the steel plate: the applied pressure of the plates, if any; and the ke, In thus

aspect, for example, from 1 to about 10 passes is asually sufficient to impart the desired

radias, althoagh more passes may be necessary with very hard materials, when placing a

20 greater radius on the shot, and the like. Generally, the more passes that are performed the
wreater the radius or degree of rounding that is applied o the shot.

Perindic ingpection of the shol during goindmg can be made 1o selegt the
appropriate mamber of passes for the particular metal composition, hardness, and size, or
when 1t is desirable to place a greater radius on the shot, m which case more passes result

25 inagreater applied rading. Once the appropriate number of passes is selected for the
given conditions {machining pressure and rpm), in sccordance with another aspect, the
grinding step can be carried out using £23% of the eguivalent number of revolutions.
Alternatively, the grinding step can be carried out using =2(% of the equivalent number of
revolutions; +15% of the equivalent number of revolutions; £10% of the equivalent

30 number of revolutions; or 25% of the equivalent number of revolutions as established.

While not intending to be bound by theory, it is believed that onte advantage of

processing the shot by using a low machining pressure m a Steel Ball Processing Machine
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is that radiusing 1s imtially apphied prmarily to the non-radiused edges of the shot denved
from the cut, rather than to the edges pre-radiused by the drawing die. With each pass, #

is believed that the radius imparted {o the non-radiused edges approaches that of the edges

pre-radiused by the drawing die, until such time as they are subsiantially similar, and

Ly

further radiusing generally is imparted to each edge at essentially the same rate.

According to a further aspect, the grinding step can be carried ouf using from 1 to
20 passes through a Stesl Ball Processing Maching operating at a low machining pressure
and at 40-100 rpm. Alisrnatively, the grinding step can be carried ot using from 1 o 15
passes through a Steel Ball Processing Machine operating at a low machining pressure and
) ar 60-100 rpm. Aliernatively, the grinding step is cavied out using from 1 to 10 passes
through a Steel Ball Processing Machine operating at a low machining pressure and at 70-
Q0 rpm.

fn other embodiments, the siep of applying the radius can be carried ot by

throwimng ot {faunching the cut pellets of rough shot agamst s hardened steel plate with

et
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sufficient velootties (o deform the sharp edges thereof This method s & modification of a
conventional abrasive blasting method, because the propelled shot 1s worked and
sioothed i the process, rather than the target as occurs in the conventional process.
Depending on the amount of radins desired, the shot can be thrown against the steef plate
repeatedly umiil the selected mdius is obtained. Further, the velooity at which the shot is
20 thwown against the steel plate can be adjusted to impart the selected radius with a fewer or
greater number repetitions as desired. By this process, the edges can be deformed and a
vough radius can be inparted with the desived dimensions. Simular 1o the steel ball
processing method, this process also legves a suflicient burr that can be removed in the

subsequent process.

25 in some embodiments, the step of throwing the rough shot against 8 hardened steel

plate can be camied out using a wheel designed for abrasive wheel blasting. Ina
conventiona! abrasive wheel blasting process, a wheel employs centrifugal force, rather
than a propellant gas or liquid, to mmpel an abrasive shot agast an object or part for the
purpose of cleaning. In present embodiments, a wheel destgned for conventional abrasive
30 wheel blasting can be adapted to throw the rough shot into a hardened steel plate to round
the corners, and then retum the shot to be thrown again in multiple passes, as desived. The

size and speed of the wheel, the namber of passes, and other processing parameters, can be
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adjusted as appreciated by the skilled artisan, o achieve the desired radius and efficiency.
The radiused shot so obtained can then be further processed with a finishing medium as

described.

c. Cenirifugal Disk Finishing of the Radiused Shotr. Because the grinding process
using the Seel Ball Processing Machine typically leaves a by or flash on the radiusad
shot, the radiused shot itself is generally unsaitable as ballistic projectiles without further
processing. In one aspect, the removal of the burrs can present the need 1o halance
substantially complete removal of the offending metal, while noi significantly adding to
the already established radius of curvature. It has been discovered that a subsequemnt
finishing step can be designed to remove the burrs while protecting the established shot
structure. In particular, it has been discovered that fimishing by a ceninfugal disc finishing
{CDF) process, using a specifically-tailored finishing media can provide the finishad metal
cubes with rounded edges.

Ongce the desired radius is imparted by Stee! Ball Processing, the shot can be
processed in a centrifugal dise fimishing (CDF} machine such as 3 Rosler Metal Faishing,
model FKS 35,1, The Roster model FRS 351 has a large (5.3 cubic feat) usabls work
bowl volume, although larger or smaller bowls will work well, and the Résler FKS 35.1
operates at a standard spinner speed of about 145 rpm. It was discovered that the
combination of spinner speed; time of CDF processing; finishing medium composition;
fimishing mediam shape, size, cut rate, and Onishing effect; and the shot-to-finishing
medium weight ratio, all constituie factors that were balanced to provide the desired
results, Thus, one aspect of this disclosure inchudes the design and selection of the
finishing medium soch that substantially complete removal of the burr i achieved, while
not altering the desired radius of curvature. Moreover, it is not necessary that the CDF
machine be selected {rom Raésler Metal Finishing equipment, or that # be the Rasler modet
FKS 35.1. For example, the Roto-Max® RM-6 centrifugal disk finisher obtained from
Hammond Roto-Fimsh 15 also usefol to effect this portion of the disclosed method.

in one aspect, for example, a ceramic fnishing mediom that is more aggressive in
ts the action, having a "fast™ or “very fast” cat, works well. Several of the ceramic
finishing media manufactured or supplied by Rosler Metal Fimshing USA, LLC, can
incorporate these features. In another aspect, for example, ceramic finishing media having

the combination of a “fast”™ to “very fast” cut, combined with a “medium™ to “course™
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finish are particulariy useful, examples of which include the Rosler RX, RSG, RAH, and
RXX designations of ceramic finishing media. According to 8 further aspect, ceranuic
Nnishing media shapes that were discovered to balance the aggressiveness of the cut and

the desired finish, manufactured or supplied by Rusler Metal Finshing USA, LLC,

Ly

mchuding the “S™ angle-cut triangle ceranmce media. Other useful shapes iclude the “D”
and “F7 tiangular cut ceramic media, although the useful ceramic media are not limited to
these shapes.

Ome particular ceramic media that was discovered o match the processing
requirements for the shape and size of the cubic shot illustrated n Example 1 is the so-
1) called “angle~cut wriangle™ ceramic matertal, such as Résler Metal Finishing, part mumber
RXX/AD 22/10 S-LT. Thus, in one aspect, the fimishing mediam can consist of, can
consist essentially of, or alternatively can comprise, Rosler Metal Finishing ceramic
medium number RXXALD 22710 S-LT or substantial equivalents theveof. Tn this aspect,

the RXX/D 22710 §-LT ceramic material balances the need for substantially complete

et
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bt not excessive finishing of the shot, with efficient cycle times. This angle ¢l triangle

medium is prism-shaped with three (3} quadnlateral faces and two (2) trianguolar faces at

each end, with the angle between the triangular faces and the quadrilateral faces tilted 30°
from normal. This configuration may be referred to herein by either an angle cut tnangle

Or @& priso.

20 According to one feature of the ceramic finishing matenal, the ceramic medium is
prism-shaped, whether tniangular or angle cuf triangular, In thas aspect, the ceranyc prism
can have a ratio {a:b) of the triangle face height () o the lavgest quadnilateral face length
{b) of about 2.0 = 1.0, The triangle face height {(a) s measwred from the midpomnt of the
shortest side to the oppostie apex, and the largest quadrilateral face length (b) 1s measured

25 along the edge of the longest quadnilateral face. In another aspect, the ratio {atb} of the
niangle face height (a) 1o the largest quadrilateral face length (b) can be sbout of about 2.0
& (1.8 or alternatively, about 2.0 £ 0.5, Ceramic finishing media of this structure are
relatively aggressive, as tHustrated by the ratio {a:b} being selected such that 3 1s greater
than b, Thas, the particular Rosler RXX/LD 22710 S-LT finishing medium that works

30 well has a triangle face height (a) of 22 num and the largest quadrilateral face height (b) of

10 mm, and avatio (ab}of 2.2,
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Another, leas aggressive ceramic media that was discovered to maich the
processing requirernents for the shape and size of the cubic shot, as tHustrated in Example
2, 15 also an angle-cut friangle ceramic matertal, such as Roster Metal Finishing, part
number RX 10718 S, Thus, 8 one aspect, the finishing mediun can consist of, can consist

essentially of, or altermatively can comprise, Roster Metal Finishing ceramic mediom
mumber RX 10/10 S, In thug aspect, the RX 10/10 S ceransic material also balances the
need for substantially complete but not excessive finishing of the shot. This less
agEressive 'fin.ishing mediam allows for shightly longer CDF processing timnes than the
more aggressive RXXVLD 22710 S-LT finishing medium and provides relatively fine
control over the final product. According to this aspect, the cevantic prism can have a ratio
{a:b} of the triangle face height (a) to the largest quadriateral face length (b) of about 1 &
0.3, in another aspect, the ratio {ah} of the triangle face height {a} to the Jargest
quadrilateral face length (b) can be about of about 1 = 0.2 or altematively, about 1 £ 0.1,
Ceramic finishing media of this structure are relatively less agpressive and more
controiled, as tihustrated by the ratio {ab) being selected such that a iz egual 1o or Jess than
b. Thus, the particular Roster RX 10710 8 finishing medivm that works well in this regard
has a triangle face height () of 10 mm and the largest quadrilateral face height (b) of 10
THN.

hy addition 1o RXXVLD 22710 S-LT and RX 10410 S, other suitable Rosler ceramic
media include, but are not inuted to, RSG 22/08 S, RSG 3G/25 S, RSG 18718 S, RSG
170 F, RSG 1313 F RSG &8/& D, RESG 110 D, RX 30723 S, RX 10/10 D, RX 15418
RX IO F, RX ISP, RXX G0 F, RXX 1315 D, RXX ¥10 D, RXX 6/6 D, RXX
PSAR S, RAH 1O/10 D, and RXF 1SR S, In each case, the designations such as H¥10,
15/18, and the like represent the size b {in mm) of the wiangle face height (3) as
measared from the midpoint of the shortest side 1o the opposite apex, and the largest
gquadrilateral face length (b) is measured along the edge of the longest quadrilateral face.
This is not intended 1o be gn exhaustive listing, but rather exemplary of those ceramic
media having the combination of 3 cut and finish, while including size and shape
parameters that ave usetul for polygonal shol.

While not intending to be limiting. shape and size features constitute another
aspect of suitable ceramic finishing media, which can be guantified by aspect ratio,

defined as the ratio of the longer dimension to the shorter dimension of the ceramic
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finishing media. Generally, saitable ceramic media can have an aspect ratio of from sbout
121 to about 3:1; alternatively, from about 117 to about 2901, alternatively, from about 1:1
to about 2.8:1; alternattvely, from abowt 1:1 to about 2.7:1; alternatively, from about 1;1 to
about 2.6:1; glternatively, from about 1:1 to about 2.5:1; aliernatively, from about 1:1 1o
about 2.4:1; aberatively, from about L1 to about 2.3:1; alternanvely, from about 1:1 to
about 2.2:1; ahernatively, from about L1 to about 2.1:1; alternatively, from about 111 to
about 2.0:1; alternatively, from about 1:1 to about 1.9:1; alternatively, from about 1:1 to
about 1.8:1; alternatively, from about 1:1 to about 1.7:1; alternatively, from about 1:1 to
about 1.6:1; 1:1 to about 1.5:1; alternatively, from about 111 to abowt 1.4:1; alternatively,
from about 1:1 to about 1.3:1; alternatively, from about 111 to about 1.2:1; or slternatively,
from about 111 to aboet 1.1:1. Generally for the relatively more aggressive ceramic
[shing media, the aspect ratios are from about 1:1 to about 2.8:1, from about 1:1 10
about 2.6:1; from about 1:1 1o gbout 2.4:1; or from about 111 1o about 2.2:1. Generally for
the relatively less aggressive ceramic finishing media, the aspect ratios are from about {:1
to about 1,371, from about 1:1 to about 1.2:1 or from about 1:1 io about 1.1:1. Thess ratios
seem 1o achieve the balanced performance for fmshing, as described herein,

in one aspect, the UDF process can be carrted by mixing shot with a ceramice
fimishing mediom at a variety of shot-to-media ratio. For example, the finishing step can
be effected by centrifagal disk fshing using a radiused shot-to-finishing medium weight
{wi) ratio of about 1:2 to about 1:3. Alternatively, the finishing step is carried out by
centrifugal disk fimshung using a radinsed shoi-to-finishing medium weight (wi) ratip of
about 1:2.2 to 1:2.8; aliematively, abowt 1:.2.4 to 1:2.6; or alternatively, about 1:2.3,

A further aspect of the disclosure is the compositions of the ceramic medium that
have been discovered to provide the desired Bumshing performance. While oxudes {e.g.
aluming, silica, tiana, virconia, and the like) and non-oxides {e.g. carbides, bovides,
nitrides, silicides, carbon particles and nanoparticles, metal particles and nanoparticles,
and the like) can be utilized m the disclosed process, composite cermmic medium that
include more than one phase are particularty useful. For example, composites that
contbine an oxide matnix or continuous phase with at least one abrasive discontinuous
phase that imparts or enhances abrasive action, are particularly useful. In this aspect, for
example, the matrix phase can comprise or can be selected from an oxide phase, while the

abrasive phrase can comprise or can be selected from at least one different oxide phase or
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at least one non-oxide phase. Also by way of example, a suitable medim can comprise,
can consist essentiatly of, or can consist of shuming, sibica, titania, rivcoma, cetia, mixed
oxides thereof such as sthica-alumina, or any combmation thereof] as a material used as the

matrix (contiauous} or the abrasive {discontinuous} phase. Moreover, composiles of these

Ly

recited oxides can be used as continvous or discoutinuous phases.
One further aspect 15 that suttable cermmic finishing medis can have a density (at

"y

20 °CY of from about 2.3 géom” 1o about 3.6 giom’. In another aspect, the ceramic
finishing media can have a density (at 20 °C} of from about 2.4 gfem’ 1o about 3.2 giem”
alternatively, from about 2.5 gfom” to ahout 3.0 g/lom’; or alternstively, from about 2.6
10 efom’ to about 2.8 gionr’
The radiused shot and the finishing medium can be energetically contacted under
conditions sufficient to sabstantially remove any {lash or barr on the radiused shot carried

over from the grinding step. For example, in one aspect, the at least 25% of the radiused

shot can have burrs that are substantially removed during finishing. Alternatively, at least
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509 of the radiused shot can have burrs that are substantially removed during fimishing;

alternatively least 78% of the radiased shot can have buves that are substantinlly removed

during {inishing.

Generally, the radiused shot and the finishing mediom could be energetically

coutacted at or near the maximum operating speed of the centrifugal disk finishing

20 machme. As the ceramic media are worn down throughout the finishing process, it can be
replenished periedically as needed or desired. In this aspect, for examplsg, the ceramic
media can be replemished about every (0. 3 hours, about every 1 howr, about every 1.5
hours, about every 2 hours, or about every 3 hours, as desived or needed. When
replenished, the weight ratio of the itial weight of the radiused shot 1o the fiushing

25 muediom used for replenishing can be any ratio desived. For example, the weight ratio of
the initinl weight of the radnused shot added to the CDF machine to the fimashing medium
used for replenishing can be about 1:0.5 to about 1:3.7, about 111 to about 1:3.4, about 12
to about 1.3 alternatively, about 1:2.2 o 1:2.8; aliematively, about 1124 to 1:2.6; or
alternatively, about 1:2.5,

30 In accordance with a further aspect, the fimshing step can further energetically

contact the radiused shot and the finishing medium as disclosed with a cleaning

compound. The cleaning compound can be, for example, the Rosler ZF 113 cleaning
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compound, or variations or squivalents thereof. However, the use of thus cleanmg
compound s not a required aspect of the disclosed process. Moreover, any cleaning
compaosition that is compatible with the shot composition and the processing equipment
and components can be used.

When using the Rasler FKS 351 ceinfogal disk fwisher (CDF} or equivalents
thereof, the CDF is typically operated at @ nominal or standard spinner speed of about 143
rpm. When the finishing medium is a ceramic material and the finishing step is carried out
by centrifugal disk finishing at a disk speed of 145 rpm, the finishing process can usually
take from about 2 to about 20 hours to complete, or about =25% of the equivalent number
of revolutions. In another aspect, when the finishing medivm is 8 cerannic matenial and the
fimishing step 1s carried out by centrifugal disk fimshing at a disk speed of 145 rpm, the
[shing process can usually take from about 4 to about 16 howrs to complete, or abowt
#20% of the equivalent number of revolutions. These features are typical for low-carbon
steel, but they can be adjusted 3s required for less aggressive fimshing when using softer
and more mechanicallv shaped metals, or adjusted as required for more aggressive

finishing when using harder and less mechanically shaped wmetals.

. Adeiviomal Sreps. Any mumber of additional steps can be used at the end of the
recited process for further processing or aif the beginning of the recited process by which to
prepare or provide the desired melal material andéor metal wire. By way of example, and
not as 8 Himitatdon, optional steps can mchude further processing of the shot, such as
annealing andior polishing the finished non-spherical shot. Also by way of example, and
not as a imyation, optional steps can include preceding steps such as forming a suitable
metal composition, composite, or alloy by steps that can include mixing, compacting,
heating, melting, sintering, and the hke, including anv combination thereof as the
particular conposition requires. Optional preceding steps can also include multiple
dravwing steps to form the desired cross-section of drawn wire.

fir one aspect, the Amished non-spherical shot can be optionally stress anpealed fo
reduce or eliminate hardening intraduced from the mechanical shaping steps, if so desired.
For example, usefu] annealing steps for the tow carbon steel shot can be camed out at a
temperatare from 650 to 850 °C, over a time period of 0.5 to 2.5 hours. Alternatively, for
example, the annealing steps for the low carbon steel shot can be camted ont at a

&0

temperature from 680 to 815 °C, over a time period of abowt 1 hour,
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1f desired, the fiished non-spherical shot or the annealed finished non-spherical
shot optionally can be polishing, i desired. The polishing process is not limited to a
particular type of machine or process. and does not require a specific polishing agent or
compound. For example, the polishing step can be carried out using a vibrating bowl
fimishing method m which polishing 1s effected using part-on-part contact and can be
carried out from about § minutes to about 60 minutes. Altematively, for example, the
polishing step is carried out using a vibrating bowl finishing machine from about 10 o
about 30 mimes. In these examples, #is usanally advantageous and sufficient that pari-
on~part contact provide the means for finishing. Thus, it is not necessary to employ a

separate polishing conmponent.

Wire and Shot Composition

According to one aspect, the disclosed method is amenable for use with any
malerials that can be mechanically shaped, examples of which melude fow-carbon steel,
copper, allovs of copper, and other altoys and composite as provided herein. For example,
the metal wive that can be used m the disclosed process can be selected from, or
alternatively can comprise, steel, iron, tungsien, copper, bismeth, zing, tin, lead, antimony,
aluminum, molvbdenum, nickel, chronuum, any combination therveof, anv composite
thereof, or any alloy thereof The term “any composite thereof” is miended (o mciude
composites that comprise any of the reciied metals or comprise any alloy of the reciisd
melals, inctuding composites that inclode metal or alloy phases that are not among those
recited berein, The term “any alloy thereo{” 15 imtended to include alloys that comprise
any of the recited metals i combination with any other metal, repardless of whether the
other metal 1s specilically recited herein. This disclosure also includes non~-altoved
metals, such as pure copper, which i3 suitable for use by the disclosed method. As long as
the metal can be mechanically shaped, it 15 suitable for use as wire and shot according 1o
this disclosure,

fir one aspect, and by wav of example, the metal wire and shot can have less than
or equal to 0.30 weight (wi) % carbon, less than or equal to 1.65 weight % manganese,
tess than or equal to 0.60 weight % silicon, less than or equal 10 8.60 weight copper, or
any combination of these composition parameters. In another example, the metal wive and
shot of this disclosure can have less than about 0.20 weight % carbon. For example, one

suttable metal wire 15 a steel wire having a carbon content of less than 0.08 weight %, a
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manganese content of 0.25-0040 weight Y, a phosphorus content of less than 0.04 weight
%, and & sulfor content of less than 0.05 weight %, Again, these exemplary compositions
are not intended o be limitting, but rather illustrative of the nany compositions that can be

used,

Ly

A further aspect of this disclosure provides for using an fron-based alloy metal
wire and shot that can contain, for example 0.03-0.15 weight % carbon, and preferably
{1.04-0.08% carbon; or less than 0.2% carbon; alternatively, less than 0.15% carbon;
alternatively, less than €.1% carbon alternatively, less than 0.08%, carbow o
alternatively, less than 0.03% carbon. Therefore, mild steel wire material can be used as a
1) raw material for the wire and shot according 1o the present disclosure because this fow
carbon steel 18 more soaitable for the reqoived mechanical deformation. In apother aspect,
the won-based alloy may contain (.10-0.40% aluminwm (Al), preferably 0.20-0.32%
aluminum by weight ratio. An addition of slununum (Al can suppress age-hardening

after producing the shot. Further, the tron-based alloy can contain 0.01-0.04% sihicon (St}
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Moreover, the won-based allov can contain 8.10-0.40% manganese {(Mu}. The iron-based
alloy also can contain 0.005-0.030% phosphorus (P} andfor 0.010-0.030% sulfur (S).

One feature of this process is the substantial range of carbon steels that can be used
according to the disclosed methods. While not intending to be limiting, and by way of
further describing the process, the following steels are appropriate for preparing the
20 disclosed metal cubes or polyeons.

ay Carbon steel SAE M5 or a similar steel is suttable. For example, 2 steel
having less than or equal {0 .06 weight % carbon, less than or equal (0 0.35
weight % manganese, less than or equal to 0,04 weight % phosphorus. and less

than or equal to G.05 weight % sulfur works well i the disclosed procass.

25 B} Carbon steel SAE 1006 or a sintilar steel is suitable. For example, a
steel having less than or equal to 0.08 weight % carbon, less than or equal to 0.35
weight % manganese, less than or equal to 0.04 weight % phosphorus, and less
than or equal to (.05 weight % sulfur works well in the disclosed process.

¢} Carbon steel SAE 1010 or a sinnlar steel s also switable. For example, a

30 steel having less than or equal to G.10 weight % carbon, less than or equal to 0.45

weight % manganese, less than or equal to 0.04 weight % phosphorus, and less
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than or equeal to (.03 weight % sulfur is also appropriate for use m the cuwrrent
Process.
d} Carbon steel SAE 1013 or a sinutlar steel is also suitable. For example, a

steel having less than or equal to .16 weight % carbon, less than or equal {0 0.80

Ly

weight % manganese, less than or equal to 0.04 weight % phosphorus, and less
than or eqgual to 0.05 weight % sulfur 15 also appropriate for use i the current
Process.

e} Carbon steel SAE 1013 or a similar sieel is also suitable. For example, a
steel having less than or equal to 0.18 weight % carbon, less than or equal to 0.60
1 weight % manganese, less than or equal to 0.04 weight % phosphorus, and less
than or equal to 0.05 weight % sulfur is also appropriate for use m the current
process.

{} In another aspect, carbon steel SAE 1020 or a similar steel 15 useful in

the method provided herein, For example, a steel having less than or equal 10 0.20

et
1.4

weight % carbon, less than or egual lo §.43 weight %o manganese, less than or

chit % phosphoras, and less than or equal fo 0.05 weight % sulfor

o

equal to 0.04 wet

is also useful m the disclosed methods.

By way of example and not ax a linitation, the compositions of some specific
carhon steel grades that are suitable for use according to this disclosure are provided in

20 Table 2.
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Table 2. Selected Carbon Steel Chemical Compositions {ASTM A29 and SAE 1403}

AISUSAE C al*§0|1 () i"&'iﬂ;ﬁ*::;ese Phosp l.ml'*lust(P) Sulfur (S5}
grade wt % wt % max wi % max wt %
100571008 .06 max (.35 max (.04 0.0%
FO06/ 1O .08 max {135 max (G.04 0.05
HOOSTTO08 .10 max P 30-0-30 Q.04 3,038
V010 0.08-0.13 (.30-0.60 (.04 0.035
1011 0.08-0.13 0.60-0.90 (.04 .05
21012 . 10-0.13 .30-0.60 {3.04 .05
101371013 0.11-0.16 850080 0.04 0.05
HIIS/O1S 0.13-0.18 £.30-0.60 0.04 .05
101671016 £.13-0.1% 0,60-0.90 (.04 0,058
10174117 0.15-0.20 0.30-0.640 0.04 {103
101871018 (1.15-0.20 £.60-.90 Q.04 0.03
1019/1619 0.15-0.20 0.70-1.00 0.04 (.03
HIZO/1020 0.17-0.23 £.30-0.60 0.04 .05
MIO20/-- 0.17-0.24 0.23-0.60 (.04 0,08
102171021 0.18-0.25 0.60-0.9¢ 0.04 {103
12271022 (3184023 3.70-1.00 .04 0.04
$023/1023 0.20-0.25 0.30-0.60 .04 0.03
HI25/1025 0.22-0.28 0.30-0.60 (.04 108
HI26/1026 £.22-028 0.60-0.90 (.04 0,03
1029/~ 0.25-0.31 0.60-0.90 (.04 (.03
HIA1030 0.27-0.34 £1.60-0.90 Q.04 0.05

While not intending to be linyting, and by way of further describing suitable
materials for the disclosed process, the lead-free materials that are disclosed 1o the
following references and that can be mechanically shaped are useful in the method
described herein: 11.S. Patent or Patent Apphication Publication Numbers; 6,749,662
{Bueneman ¢f &f); 6,258,316 (Bueneman ef ¢l ¥, 7,232 473 (Flhott);, 7,217,389 (Amick);
6,981,996 (Shaner ef a1}, 6,823,798 (Amick): 6,815,066 (Eliot):; 6,749,802 (Amick):
£,351,375 (Siddle e¢f al 3, 6,536,332 (Nadkarni ef ¢l ¥, 6,527 824 {Amick); 6,447,715

(Amick); 6,394 881 (Watanabe er ol ), 6,248,156 { Amick); 6,1 74494 (Lowden et ol ¥
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6, 1383351 (Mravic ef gl ¥, 6,149,705 (Lowden of ol }; 3,913,256 (Lowden et ol §;
5877437 (Oltrogee), 5814739 (Mravic er ¢f); 5,760,331 {Lowden ef al); 5,602 350

(German ef ai.}; 5,527.376 {Amick ef o}, 3,399 187 (Mravic ef ¢l ), 5,279, 787{Oltrogge);

SR9252 (Huffiman ef ol ); 5,688 415 (Huffiman ez 20}, and 20040211292 (Buengman «f

Ly

al). Each of these references is mncorporated herein by reference w pertinent part.

Uise of Metal Cubes with Rounded Edges i Shoishells

The metal cubes with rounded-edges prepared according to this disclosure have a
smoothed hexahedral shape that packs more efficiently and compactly mto the shoishell
hdl, thereby allowing greater shot pavloads as compared to spherical shot in the same

i sized holll For example, conventional spherical steel waterfowd loads ima 12 gaoge, 3-
inch shotshell taunch 1 1/% ounces of conventional spherical steel shot, as compared 1o 1
378 ounces of metal cubes with rounded-edges 1n the same 12 gauge, 3-inch hull. Froma
12 gauge, 3 Yo-inch shotshell, 1 3/8 ounces of conventional spherical steel shot is the
tvpical pavioad, as compared to 1 5/8 ounces of metal cubes with rounded-edges in the
1S same 12 gange, 3 YW-inch hull

This ability to load move shot weight in the same unit volame is particubuly
applicable for improved hunting loads, where ballistic steel and various alloys of tungsten,
iron, bismuth and the ke are supplanting lead shot, as lead becomes more strictly
regulated. While it 15 possible (0 achieve the general geometry of the metal cubes with

20 rounded edges by other processes, these other processes ave not amenable for mass
production of cubes in the desired size range, which is typically about § num or smaller,

nor are they sufficiently economically viable,

Drefinitions and General Dhisclosure

Unless otherwise indicated, the following definttions are applicable to this
25 disclosure, 1f a term is used in thus disclosure but s not specifically defined beren, the
definition from the Academic Press Dictionary of Science and Techuology {c. 1992,
Acadenuic Press, Inc., San Diggo, California, ISBN 6-12-200400-0) can be apphed, as
fong as that defimition does not conflict with any other disclosure or definition applied
herein, or render indefinite or non-enabled any claim to which that definition is applied.
3 To the extent that any definttion or usage provided by any document incorporated by

reference conflicts with the definition or usage provided hevein, the definition or asage
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provided heretn controls. Thas, n this specification and in the claims that follow,
reference will be made to a mumber of terms, which shall be defined to have the following
meanings:

“Opuional” or “optionally”™ means that the subsequently described event or

Ly

circumstance can or cannot occur, and that the deseription includes instances where the
gvent or circumstance occurs and instances where 1t does not.

By the terms “essentially™ or “substantially™, or other forms of the word such as
“substantial”, i 1s meant a deviation from the stated valae of less than 10%, less than 3%,
or less than 2%.

H) The term “sphere” is intended to reflect an wealized stracture that 1s “sphere-like”
or spheroidal, and anticipates that some particles will be out-of-round and somewhat
ivegular m shape.

A weight percent of a component, unless specifically stated to the contrary, is

based on the total weight of the formulation or composition in which the component 1s

et
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included.

When values are expressed as approximations, by use of the antecedent “about.” it
will be uaderstood that the particudar recited value forns another embodmment. ¥ is also
understood that when a particular value 1s disclosed, “about™ that particular value in
addition o the value itself. For example, i the valae "1 is disclosed, then “about 167 18
20 also disclosed.

Unless indicated otherwise, when a range of any type is disclosed or claimed, for
example a range of weight percentages, processing times, and the hike, it 15 ingended that
the stated range disclose or claim individually each possible number that such a range
coudd reasonably encompass, ncludimg any sub-ranges and combinations of sub-ranges

25 encompassed therein. For example, when describing a range of measurements such as
weight percentages, every possible number that such a range could reasonably encompass
can, for example, refer to values within the range with one significant digit more than s
present in the end points of a range. In this example, a weight percentage between 10
percent and 20 percent includes ndividoally 10, 11, 12,13, 14, 15, 16, 17, 18,19, and 20

30 weight percent. Applicant’s intent is that these two methods of describing the range are

interchangeable. Moreover, when a range of values is disclosed or claimed, which

Applicants mitent to reflect individaally each possible namber that such a range could
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reasonably encompass, Applicants also intend for the disclosure of a range to reflect, and
be interchangeable with, disclosing any and all sub-ranges and combinations of sub-ranges
encompassed therein, Accordingly, Applicants reserve the right to provisoe out or exclude

any mdividual members of any such group, including any sub-ranges or combinations of

Ly

sub-ranges within the group, 1f for any reason Apphicants choose to clain less than the full
measure of the disclosure, for example, to account for g reference that Applicants are
unaware of at the ume of the filing of the application.

In any apphication before the Untied States Patent and Trademark Gffice, the
Abstract of this application is provided for the purpose of satisfyving the requirements of 37
1y (CFR §1.72 and the purpose stated in 37 CF.R.§ 1.72(b) “to enable the United States
Patent and Trademark Office and the public generally to determine quickly from a cursory
mspection the nature and gist of the technical disclosure.™ Therefore, the Abstract of this
application is not intended to be used to constrae the scope of the claims or to Hmit the

scope of the subject matter that 1s disclosed herein. Moreover, any headings that are

et
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employed herein are also not intended 1o be wsed 1o construe the seope of ihe claims or o
timit the scope of the subject matter that is disclosed herein. Any use of the past tense to
describe an example otherwise indicated as constructive or prophetic is not intended to
reflect that the constructive or prophetic example has actually been carried oot

The present disclosare is further ilustrated by the following examples, which are
20 notto be construed in any way as iimposing Hmitations upon the scope thereof. The
examples are set forth to illustrate the disclosed subject matter and are not intended to be
nclusive of all aspects of the subject matter disclosed herein, but rather to dlostrate
representative methods and resulis. These examples do not intended to exclude
equivalents and variations of the present mvention wiuch are apparant to one skilled m the

25 @t

EXAMPLES
Unless indicated otherwise, parts ave parts by weight, temperature is at ambient

temperature, and pressure is at or near atmospheric,
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EXAMPLE }
Preparation of Approvimately Cubic Shotith Rounded Fulges
Steel wire (SAE 1006} was drawn mite a square profife wath rounded edges, in

which the square profile diameter was from 2.5 mun to 3 Smum, having rounded edges

Ly

corresponding to the desired radius of from 0.8 mm to 1.5 mm, FIG. 2. The square wire
was then chopped into approximate cubes using a rotating head shearer with carbide
blocks

The cubes were then ground by processing through a Steel Ball Processing
Machine, Spertal Maschinenfabrik Schonungen, model SLM-72. This grinding step was
1) carried out using from $ 1o 10 passes through a Steel Ball Processing Machine operating at
a low machiming pressure {no pressure sensor reading) and at 80 rpm. Pertodic mspection
of the shot during grinding was made to adjust the appropriate mumber of passes, if more
rounding was needed or desired.

Once the destred radius was imparted to the shot, the radiused shot was processed

et
1.4

i a centrifugal dise finishing (CDF) machine, Rosler Metal Finushing, model FKS 351,
The radiused shot was combining the shot with a ceramic media, a1 a 1:2.5 shot-to-media
ratio by weight, The particelar ceramic media selected was an angle-cut triangle, Rosler
Metal Finishing, part number RXXLD 22716 5-LT. The cleaning compound nsed in the
CDF process along with the ceramic medinm was Rosler, part number ZF 113, which
20 functioned as a untversal cleaning compound and provided some corrosion protection.
The shot was run at an operafing speed of about 143 rpmy, for a cvele time of abow B 1o
about 10 hows. As the ceramiv media was worn down, i was periodically replenished,
which occurred shout every hour.
The resulting hexahedral or cubic shot was then annealed at between about 750 °C
25 [orabout 1 hour in & rotary furnace to remove the work-hardening that ocoared during
processing. Lastly, the shot was placed 1 a vibrating bowl finishing machine wihle still

hot for about 20 nunutes to provide a fine polish to the shot surfaces.

EXAMPLE 2
Freparation of Approximegely Cubic Shot with Rounded Edges

30 Steel wire (SAE 1005) was drawn into a square profile with rounded edges, n
which the square profile diameter was from 2.5 nun to 3. 5mm, having rounded edges

corresponding to the desired radius of from 0.8 mm to 1.5 num, FIG. 2. The square wire
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was then chopped into approximate cubes using a rotating head sheaver with carbide
blocks

The cubes were then ground by processing through a Steel Ball Processing
Machmne, Spezial Maschinenfabrik Schonungen, model SLM-72. This grinding step was
carried out using from 3 to 10 passes through a Steel Ball Processing Machine operating at
a low machimng pressure {no pressure sensor reading) and at 80 rpm. Periodic inspection
of the shot during grinding was made to adjust the appropriate number of passes, i more
rounding was needed oy desirad.

Once the desired radius was imparted to the shot, the radiosed shot was processed
in a centrifugal disc finishing (CDF) machine, Rosler Metal Finishing, model FKS 351
The radiused shot was combining the shot with a ceramic media, at a 1:2.5 shotto-media
ratio by weight. The particalar ceramic media selected was an angle~cut tnangle, Résler
Metal Finishing, part number RX 10710 S, The cleaning compound used in the CDF
process along with the ceramic mediim was Roster, part number ZF 113, which
functioned as a wnversal cleaning compound and provided some corrosion protection,
The shot was run at an operating speed of about 145 mpm, for a cycle time of abowt § to
about 12 hours, As the ceramic media was wormn down, it was periodically replenished,
which occurred about every hour.

The resolting hexabedral or cubic shot was then annealed at between about 750 *C
for sbout 1 hour in a rotary furnace 1o remove the work-hardening that oceurred during
processing. Lastly, the shot was placed in 8 vibrating bowl finishing machine wiile stili

Bt for aboul 20 minutes to provide a fine polish to the shot surfaces.

EXAMPLE 3
Construciive Preparation of dddidonal Sizes of Cubic Shot with Rovnded Fdges

Using the general method detatled 1n Examples 1 or 2, steel or other alloy wire can
be dravwn into a square profile with rounded edges, m which the wire can have a square
profife diameter of abont | mm, about 1.5 man, about 2 mum, about 2.5 mm, about 3 mm,
about 3.5 mm, abowt 4 mm, about 4.5 nun, about § mm, about 5.5 mm, or about 6 mm.
The die or drawmyg plate used can have any desired radius to transfer to the drawn or
extruded wire, for example, the radius of curvatwe {(x)-to-metal wire square profile
digmeter (v} ratio x;v can be from L1 to 1:3; alternatively, from 11,510 1:4.5;

alternatively, from 1.2 to 1:4; or alternatively, from 112540 113 5
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The residiing cubes can then be ground by processing through a Steel Ball
Processig Machine, Sperial Maschinenfabrik Schomumgen, model SLM-72, at a pressure
selected so that the shot rolls but is not adversely deformed, for 1 1o 10 passes depending

on destred radius. The shot can then be processed in a centnifugal disc Ninishing (CDF)

Ly

nrachine, Rosler Metal Finistung, model FKS 35,1, by maxing the shot with a ceramic
media at a shot-to-media weight ratio of about 1:2.2 1o 1:2.8; alternatively, about 1:2.4 10
1:2.67 or alternatively, about 1:2.5 and processing according to Examples | or 2. For
example, the particular ceramic media selected can be an angle-cui irtangle such as Résler
Metal Finishing, part numbers RX 10/10 §, RSG 22/08 §, RS8G 30/28 §, RSG 15/18 §, RX
HY 307238 RN IS/I8 S RXX 18/18 S RXF 15/18 S, or combinations thereof. The

particular ceranuc media can also be selected from a triangle such as Rosler Metal
Firshing, part numbers RSG /10 F RSG 1313 F RX 10A10 F RX 18/15 F, RXX
16710 F, RSGRA D, RSG 16410 D RX 0D, RXX 1S3 D, RXX 0710 D, RXX 6/6

D, RAH 10/10 D, or comlunations thereof. If desired, the UDF process can be carried out

et
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i the presenve of a cleaning compound, for example, Rosler, part number ZF 113

EXAMPLE 4

Consiructive Example of Annealing and Polishing the Cubic Shot with Ronmded Edges
Following hinshing the metal shot as disclosed herein, the cubic shot prepared

according to Examples 1 through 3, can be annesaled i a rotavy fumace (o remove the

20 work-hardening that occwrred during processing. For example, sseful annealing steps for

the low carbon steel shot is carried ot at a temperature from 630 to 850 7C. over a tme

period of (1.5 to 2.5 hours, or at a terperature from 630 to 813 °C, over a tme period of

abowt 1 hour

Following finishing andfor annealing of the metal shot, the shot can be placed ina

25 vibrating bowl finishing machine o provide a fine polish to the shot surfaces, For
example, the polishing step 1s carrted ont using a the vibrating bow! finishing method in
which polishing is carried out from about 5 minutes (0 about 60 minutes. Alternatively,
the polishing step is carried out using a vibrating bowl finishing machine from about 1010
about 30 munues.

30 It will be apparent to those skilled ip the an that various modifications and

variations can be made in the present disclosure and examples without departing from the

scope or spirit of the invention. Other embodiments of the invention will be apparent to

30



WO 2013/052170 PCT/US2012/040112

those skified n the art from consideration of the specification and practice of the mvention

disclosed herefn,
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CLAIMS

What s claimed is;

1. A process for making syimmedrical non-spherical shot, comprising:

Ly

a. providing a metal wire having a non-civcular ¢ross sechion;

b. serially cutting the metal wire into rough shot;

¢. applying a radius to the rough shot {o provide radiused shot with edges
having a seleciad radias of curvature; and

d. finishing the radiused shot by energetically contacting the radiused shot

H) with a finishing medivm to provide finished non-spherical shot.

b

A process according to claim 1, wherem the cross section of the metal wire 1s a

square or a square with rounded edges.

o
14y
e

3 A process aceording to clanm 1, wherein the cross section of the mietal wie 1 a

polygon or polygon with rounded edges.

4, A process according 1o claim 1, wherein the step of applying a radius to the rough
shot i carvted opt by grinding or by abrasive blasting.
20
5. A process according to claim |, wherein the finishing step is carriad out by

cenirifugal disk finishing.

6. A process according to claim 1, wherein the finshing medium is selected froma

25 ceramic material,

:--3

A process according to claim 1, wheremn the finishing medivin s g ceramic prism
having two angle cuf triangle faces and three quadrilateral faces, wherein the
aspect ratio (a:b) of the largest tnangle face height (a} to the largest guadnilateral

34 face height (D)1 2.0 0.8,
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", A process aceording to claim 1, wherein the fimishing medium i3 a cermmic prism
having two angle cut triangle faces and three guadrilateral faces, wherein the
aspect ratio {a:b) of the largest triangle face height (3} to the {argest quadrilateral

face height (b)Y is 1 £ 0.3,

Ly

9. A process according to claim 1, wherein the finishing medium is a Rosler Metal
Finishing ceramic medium selected from an RX, RSG, RAH, and RXX medium,

of any combination thereof.
o 10, A processaccording o claim 1, wherein the wishing median comprises Roster
Metal Finishing ceramic wedinpn, part number RXXN/LD 22710 S-LT or RX 10/14

s.

11, Avprocess according o claim 1, wherem the finishing step further energetically

et
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congacts the radiused shot and the fuishing mediom with a clemung compowd.

12, A process according o claim §, wherein the finishing step 15 carried out by
centrifpgal disk {finishing, the finishing medigm s a ceramic material, and the cross
section of the metal wire is a square with rounded edges.

20

,__.
i

A process according to claim 1, wherein the finishing medium 13 3 ceramic
material and the finishing step is canied out by centrifugal disk finishing at a disk
speed of from 100 rpm to 145 rpm for 2-20 hours, or using #25% of the egquivalent

number of revolutions.

14 A process asccording {o claim 1, wherem the finishing step is caried owt by
centrifugal disk finishing using a radiused shot-to-{finishing mediom weight ratio of
2w ls
30 15 A process according to claim 1, wherein the metal wire has a | num to 3 mm square

Cross Section,
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16. A process aceording to claim 1, wherein the metal wire has a 2.5 nun to 4 mm

square cross section and a 0.7 to 1.5 mm radios of curvature.

]

A process according 10 claim 1, wherein the metal wire has a radius of curvature

- -

{xto-square cross section {v) ratio xov fom 12 5 0 135

v

18 A process according to claim 1, wherein the metal wire is steel wire having less
than or equal to 0.36 weight % carbon, less thaw or equal to 1.65 weight %%
manganese, less than or equal to 0.60 weight % silicon, less than or equal 0 0.60

] weight copper, or any combination thereof.

19. A process according to claim 1, wherein the metal wire is steel wire having less

than 0.20 weight % carbon,

14y
b

A process according to clam 1, wheretn the step of applying a radiug to the rough
shot is carried out by grinding using from 1 to 15 passes throagh a Steel Ball

Processing Machine operating at a low machining pressure and at 60-100 rpm.

21 A process according to claim 1, wherein the radiused shot and the Bmishing
20 medium are energetically contacted under conditions sufficient to substantially
remiove any flash or burr on the radiused shot carried over from the step of

applyving the radius to the rough shot

22, A progess accordmg fo clamm 1, wherein the metal wire 13 drawn through a die or

25 draw plate having o square cvoss section with rounded edges.

23, Aprocess for making synunetrical non-spherical shot, comprising:
a. extrading or drawing a metal wire through a die having a non-cirenlar cross
section to provide 8 metal wive having a non-circular cross section;
30 b, serially cutting the metal wire mto rough shot;
c. grinding the rough shot to provide radiused shot with eduzes having &

selected radius of curvature;
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26,

]
~d

“

L

d. finishing the radiused shot by enerpetically contacting the radiused shot
with a finishing mediam and optionally & cleaning compound 1o provide

finished non-spherical shot;

g. optionally, annealing the finished non-spherical shot; and
f optionally, polishing the annealed finished nov-spherical shot.

A process according to claim 23, whersin the annsaling step s caried out ata

temperature from 681 1o 813 °C, over a time period of 0.5 1o 2.5 hours,

A process according 1 claim 23 wherein the polishing step is carred out using a

vibrating bowl finishing machive from abowt 19 10 about 3¢ minutes.

A process for making metal cubes with rounded edges, the process comprising:
a. providing a metal wire having a square cross section or a Square cross

section with rounded edges;

b, seriaity cutting the metal wive into rongh cubes,
c. grinding the rough cubes to provide radivsed cubes with edges having a

selected radias of curvature; and
d. finishing the mdiused cubes by energetically contacting the radiused cubes
with a finislung medium to provide finished metal cubes with rounded

edges.

A process according to claim 26, further comprising anneahing the finished metal

cubes.

A process according to claim 27, further comprising pohishing the asnealed

finished metal cubes.
A process according to claim 26, wheren the Inushing mediam comprises Rosler

Metal Finishing ceramic mediwm, part number RXX/LD 22740 S-LT or RX 10710
S.
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31.

A progess according to claim 26, wheremn the fnishing step comprises
energetically contacting the radiused shot with Rosler Metal Finishing RX 1710 8

ceramic medium and Rasler ZF 113 cleaning compound.
A process according to claim 26, wherein the grinding step s carried ont using

from 1 10 10 passes through a Steel Ball Processing Machine operating at a low

machining pressure and at 70-90 rpm.
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