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The disclosure herein describes a lead free, non abrasive, frangible practice ammunition comprising a compacted mixture
of fine copper powder and of a thermoplastic resin selected from the group consisting of nylon 11 and nylon 12. The mixture

lwhich is compacted by injection molding has at least 90 %

by weight of copper and a minimum specific gravity of 5.7.
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1

FRANGIBLE PRACTICE AMMUNITION

FIELD OF THE INVENTION
The present invention relates to a frangible
practice ammunition or bullet for wuse 1n shooting

galleries and the like.

5 BACKGROUND OF THE INVENTION

Lead gallery bullets are well known; they are
characterized by the use of powders of lead consoiidated
into a bullet having sufficient strength for use and
intended to be disrupted into small fragments on lmpact

10 with a gallery target.
The costs associated with the training of usérs
of such ammunitions are extremely high. First, in a
shooting gallery, an expensive device, called "bullet
trép", is required to stop the projectile to prevent
15 fragments from injuring shooters. Furthermore, the walls
of the shooting galleries must be covered with "ballistic
rubber" in order to stop occasional fragments of the

projectile.

LTS
.
[ —

There is also lead contamination which bears a
20 "heavy burden in the cost associated with training with
standard ammunitions. During a shooting session, there
is an emission of lead dust into the atmosphere. Also,
the accumulation of projectiles in shooting galleries

causes an environmental problem. Many shooting galleries
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have been closed recently due to the high level of lead

in these installations.
The problem is replacing lead for the purpose
of a gallery shooting round is to find a materiel

5 = sufficiently heavy that the autgmatic weapons will be

able to cycle and the shooter will see few differences.
Costly, abrasive or.toxic heavy metals should be avoided
while a cheap production process 1s required to keep
production costs low. "

10 The main criteria for the ability of a round to
cycle autoloader weapons is the amount of energy that it
delivers to the cycling mechanism. For some type of

- weapons, this energy is delivered by the expanding gases
pushing back the cartridge case. This type may be found

15 with the 9. mm_Browning Hi-Power pistol for example. For
some others, hiéh pressure gases are connected through a
port pressure inside the barrel.w | The high pressured
gases are then the source of energy for the cyclling
mechanisn. This type is found in most 5.56 NATO

20 nominated weapons, like the Colt Ml6.

Weapons and propellant powders are designed to

typical pressure-vs-time curve. Using a 1lighter
projectile will cause problems, the main one belng too
25 low an energy transfer to give the feeding mechanism the

needed momentum to cycle, in certain type of weapons.
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In order to replace lead in a projectile, the
selected material should have a minimum weight so that
the resulting projectile‘ mass 1s compatible with
commercially available propellants for that calibre.

5 This is important since it would not be economically
viable to develop a lead-free round where a special
propellant or other component would need to be developed.

It has been found that, with 5.56 mm autoloader
weapons, the minimum density for a lead replacement

10 material that would allow reliable cycling of most of
these weapons would be 5.7 g/cm’. This density makes 1t
possible to reach the same port pressure as with standard
rounds, using the same propellants, but with a higher
charge.

15 Training bullets including plastics material,
eiﬁher encapsulating or filled with metal powders, have
been propoéed to meet thls problen.

European patent number 0,096,617, issued to
Société Francaise de Munitions, describes a training

20 pullet having a mixture of nylon, a powder oI a ductile
metal and a solid lubricant. This patent describes

practice ammunitions wherein the density of the compound

is between 3 and 5 g/cm’.
International patent application PCT 88-09476
25 describes a bullet comprising a matrix of plastics
material having a water absorption factor similar to or

.-A--"

greater than that of nylon 66 containing a filler



WO 93/16349 212%63 b . PCT/CA93/00047

material effective to raise the density of the bullet
from 3 to 7 g/cm’. However, when copper is used, 1ts
content by weight is limited to 88%; whenever a_ higher

percentage of metal powder is desired, copper must be

5 nmixed with another metal filler, such as tungsten (46.5%

by weight) which 1is, however, abrasive.

OBJECTS AND STATEMENT OF THE INVENTION

It 1s an object of the present invention to

provide a lead-~free non-abrasive low cost replacement

10 material for ' presently used’ ‘frangible practice
ammunitions. This has- been achieved by using a compacted

mixture of fine copper powder and of a thermoplastic

e b

resin.

‘Lead having a density of 11.3 g/cm’, it is

15 evident that the density cannot be matched with

equivalent metals available at an affordable cost (except
gold,‘silver, mercury). The expensive metals (bismuth,
nickel and tungsten) which all have advantages and
disadvantages are possible. However, the choice of
20 copper is the most economic approach _ to generate a

replacement material to lead with added value, such as

less toxicity or polluant.

T+ has been found that metals lighter than
copper are not suitable since they are too light to reach
25 the above~mentioned required density of 5.7 g/cm’ while

metals heavier than copper are considered eilther as
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having high toxicity and abrasive effect or being simply
too expensive for the task.

To meet the neededﬂminimum.specific gravity of
5.7 g/cm’, it has been found that the proportion .ot

5 copper in the mixture ought to be over 90%, preferably 1in
the neighborhood 92 to 93% by weight.

To arrive at a compacted mixture lead free, non
ébrasive, which would contain about 92% by weight of fine
copper powder and which would have a specific gravity of

10 5.7 for ammunition applications, it has also been found
that a thermoplastic molding resin which will enable to
obtain these characteristics is nylon 11, or nylon 12.

A compacted mixture of copper and nylon whereiln

. copper is at least 92% by weight can best be achieved by

15  injection molding.

hitting a hard surface, like a steel plate. Each of
these particles is then too light to carry enough energy
20 +o be considered as a dangerous projectile. With the
5.56 mm, if the projectile hits an armoured steel plate
with an incidence angle of 90° and a velocity of 2,000
feet per second, particles that should splash back will
not perforate a sheet of newsprint grade of paper placed
25 one meter from the steel plate. On the other hand, such

projectile should be sufficiently impact resistant to

Mabente dn 2 s dbuist 0 3 rTrEIRTY
. . ., . . - ¢ h y

-'. !.".Q"(."M—“v( \'..\ ,. -~ ,‘. ‘ \" . -~ -:, s~ = WA o ? v : ?~‘- . .--.g-.* LU AE L BB _EE.Y 1., -'\? IO .,..-‘. *‘ ‘ L - eap o . RPY I . n° . - eV a e "o - . = mEa = e - .
. .’ "t‘_“t“" l". . .’.‘&\.&* .‘!~ = .\,‘;" '3. ‘¥‘ 3 :“r‘s‘. .4,"‘ ..',.:"....'.\'.\‘.“. ’, ". :“:‘e N ? 3 . ‘,’_‘. W' ‘;‘ ‘ ,Y{;n‘.'gt; 4. .?.!“’e(\?‘l.: 'l.f*-‘ 14){?:’\:’ i \..u~:’T‘\\;‘V¥.\‘A‘;.“‘. \“\‘??" lti'e,-.-‘\ ‘!:" ‘ "‘ -~ ‘,.‘.“ﬁ‘:\f~\ n.: . " ‘: -Q“ "“5‘-‘\‘“\ ..' he t‘t~" L B .\.'.'-' - .-f ‘ & g Pt T N I \
- b W TR BT L, ah A.WS PN B R T B B e N e S -‘t{ . “& 0'-"‘.‘5‘.’)..‘.‘.'\" L] 1-_:..‘.'1‘.‘"‘\:. Fa A g AL ¢ vy ’._'\ > "."\'"t; “".‘l.}".‘ ‘.‘.; A R *oa Ve " l"i“»‘\.~’\ , \‘\ .l\-\]\.-.;az’ - " ot . . <V« e\ 9 - \!,‘ ‘." . ‘."* N R IR f t s TN . 1. e

- ' FPURTS A CC M LY N " s . I RATS LR ’ e oate ‘e xS - - '



WO 93/16349 - PCT/CA93/0004 -

112869%

stand the high accelerations that occur on firing, plus

the deformations that result from weapon rifling.
In addition to thé above requirement, a nylon-
copper compound as a lead replacement material should
5 meet the followihg mechanical properties. The Izod
Impact should be between 120 J/m and 140 J/m and the
percentage of elongation before breaking should be at
least 1.7%. Should the Izod impact be too low, the
projectile will break up oh firing. If it is too high,

10 the minimum angle of incidence at which the projectile
will break up and not ricochet on hitting a target will
be too large. If the percentage of elongation before
-breaking is too low, the projectile will break up when

. deformed by the riflingbf the weapon.

15 - Again, in order to meet these mechanical
préperties using dnly copper as a filler, 1t has been
found that its content, by weight, should preferably
remain between 92.5% and 93.5%. Sample projectilles made
at 95% of copper by weight have been found to give poor

20 accuracy in 9 mm because of small particles detaching
from the projectile, unstabilizing it; with 5.56 mm, the
projectile will be completely broken when leaving the
barrel. 95% copper could be used with 9 mm 1f the
velocity 1s lowered to a point it can resist the firing

25 - stresses, but then cycling of the weapons becomes erratic

because of lack of energy.

....--"
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It has been found that, in order to have good

accuracy, the projectile diameter should be oversized by

001 inch to .002 1inch, compared to a standard

projectile. This larger diameter is needed in order to

5 make the projectile to shape completely into the grooves

of the barrel. If it 1is not so shaped, there results an

under-spined projectile which is not stable.
Dimensional control must therefore be very

strict for the projectile'diameter. Maximﬁmmgllowable

10 variation 1s <set to +0.001 inch. Higher diameter willl

result in breaking projectiles on 5.56 mm, while lower

diameter will lead to poor accuracy.

Another reason for a strict control of

projectile diameter 1s the bullet pull effort.

15 = Projectiles made with the materials of the present

invention are very strong 1ohgitudinally but could be

weak radially. The standard method of crimping the

projectile with the case mouth is not recommended since

it résults in a stress concentration at the point where

20 the projectile is crimped. A tendency for projectiles

crimping point. To avoid this, the inventors have

developed, for a 5.56 mm round, a new cartridge case with

2 ball size smaller by .003 1inch when compared to a

25 standard NATO 5.56 mm case. The interference fit

resulting from pushing the bullet into that smaller mouth

is enough to give a stable 40 pounds bullet pull effort
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without any stress concentration that would make the
projectile weak at any point.
The effect of humidity on projectile diameter
is a concern since nylon is used as a matrix for the
5 compound. However, the diameter variation recorded when
conditioning projectiles between 0% and 100% relative
humidity is neglectable with that high level oIl copper
filler. On 9 mm for example, projectile diameter changed
by less than .0002 inch® between these two extreme
10 conditions.

' Another important dimensional criteria is the
volume of the proj.ectile which should be optimized in
order to obtain the heaviest projectile possible. The
jnventors have worked with the ogive and the overall

15 = length of- the projectiié in order to push the weight of
thé 5.56 mm projectile up to 36 grains. The gyroscopic
stability factor of this projectile is 1.25. Trying to
get a better gyroscopic stability factor means
compromising on weight. With this stability factor and

20 a weight of 36 grains, an optimal design has been

- reached.
Oon 9 mm which is inherently more stable than
5.56 mm (with a gyroscopic stability factor higher than
3), the 1limitation in weight is governed by the
25 limitation in length for the projectile. With that
' calibre, increasing the length of the projectile will

result in less room for the propellant 1n the case. A
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fine balance should then be reached between the
projectile length and the propellant charge and bulk
density. With the present invention, a projectile .675
inch long has been found to be adequately satisfactory
5 for a 9mm calibre. A longer projectile results 1in a
lower charge of propellant which, in returns, leads to a
low energy round giving erratic cycling with some
pistols. Shorter projectiles would also mean lighter
projectiles that would givé too different a pressure-vs-
10 time curve and cyclihg problems will arise with lohger
barrelled weapons, like the Heckler & Koch MP->. Hence,

with the 9 mm calibre, the inventors have been able to

push the weight up to 85 grains.

IN THE DRAWINGS

15 Figures 1la, 1b and 1lc are graphs and tables
jllustrating the relationshlip between copper and the
specific gravity;

Figures 2 and 3 are graphs illustrating the

relationship of copper content to the flexural modulus

20 and Izod impact;

Figure 4 is a partly cross-sectional elevation

of 9mm caliber made 1in accordance with the present

invention; and

Figure 5 is a partly cross-sectional elevation

25 of 5.56mm caliber made 1in accordance with the present

invention.
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DESCRIPTION OF PREFERRED EMBODIMENTS

From the annexed figures la, 1lb and 1c¢, a sharp
jncrease in specific gravity as the copper content
increases may be seen. This ig a typical behaviour when

5 increasing the filler content in a metal polymer

composite. Up to 60%, the specific gravity increase 1s

close to linear; then, it starts increasindg
exponentially. For example, between 88% and 93% of

copper loading (a 5.4% increase), a 18.6% H specific
10 gravity increase is obtained.

In order to get the density up to 5.7 g/cm’
using cooper only, it is essential to select the right
particle geometry for the copper and the polymer allowing
a minimum fluidity during injection molding and to use a

15 = unigque particle size distribution of the copper and resin
métrix.

Figures 2 and 3 show a sharp decrease 1n
elongation and Izod impact as the copper content
increases. This also emphasises the need for a

20 thoroughly controlled compounding process.

Compounding up to a 88% copper content by
weight can be made by standard processes. Higher than
90%, a special technigue is required.

Injection molding of mnixtures of fine metal

25 powders and plastic resins, Or binders, combines the

strength and durabiiity of metal with the design

versatility of plastic injection molding. It 1s finding
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a place in metal parts with intricate geometrics that
would cost many times more to produce Dby machining, die
casting, etc.

The high requirement of dimensional tolerances

5 after molding prohibits the use of cheap and low grade
thermoplastic resins, such as polyethylene, polypropylene
and others. The low shrink factor, thermal stability and
the available powder form grade are some of the major
points which favor the choice of nylon ii for the resin

10 matrix function.

The'processing of "filled" plastics has been
the state of the art in injection moulding for many
years'. When the 'plastic or polymer. is highly filled with
finely divided metals, it provides gqualities not usually

15 . found in the plastic product. The expression "composite"
is' now generally used to describe the union of two oOr
more diverse materials to attain synergistic or superior
gqualities to those exhibited by the individual members.

In this particular case, the appellation "metal polymer
20 composite" is representative of a unigue combination of
,'ﬁetéis and polymers used to achieve improved quality of
" the product.
It relates to the technology of nixing finely
divided metals in powder forms into plastics or polymers,

25 such as thermoplastics and thermoset resins.
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The particular frangible material of the
present invention can be classifled as a metal polymer
composite due to its composition which includes:.

- a metal filler: ultra fine copper powder;

5 - a binder: thermoplastic polymer resin; and

- a wetting agent or lubricant: calcium and
zinc stearate, molybdenum disulphide, organo zirconate.

Once selected, these components are mixed,
homogenized and made up in granules in accordance with

10 the following steps:

a) rawrmaterials are pre-weighed according to
the determined final mix;

b) then, there is dry blending or tumbling of
dry metal powders} polymer particles and additives;

15 ~¢) _.a thermal blending or combination of solid
pafticles is ﬁfépared with the use of equipment which
will mix together different mate":'::‘ials into a uniform
single homogeneous mass;

d) a screw extruder is used to optimize the

20 gquality of the extruded composite mass. Temperature are
attained to melt the polymer, adhesively bonding 1it. to
the sélid.metallic'particles. A conventional twin-screw
extruder is preferably used to extrude the compound. The
output passes through a dicing chopper, .or pelletizer,

25 which delivers the material 1in a form suitable for

feeding the hoppers of injection molding machines;

. e ceansea - e -~ g o mimian 'y, g = . L T L I R L R T S i E L ae cie s e mmAgts cmLYPRe S PWT
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e) the finely divided composite of metal and
polymer which has been prepared by thermal extrusion
blending is then classified in particle size according a
specific pattern.

5 To achieve the injection molding of the
projectiles, the frangible compound must have the
following characteristics:

- enough fluidity to be handled through the injection
screw and barrel of the injection machine without
10 creating any solidification before molding;
= uniform particle distribution in the compound to
generate a consistent projectile weight within the
established tolerances and an uniform frangibility;
- adequate homogeneity of the compound to obtain uniform

15  mechanical properties after molding;

- ﬁniformity of density of .the compound to minimize
porosity and localized weakness points;

- 1lowest shrink factor to respect the dimensional
tolerance;

20 - good granulometry dispersion to minimize separation of
the compound during handling at the injection molding
step;

- low water absorption of the compound to allow

dimensional stability during storage period of the molded

25 parts;
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- good 1lubricity of the molded dart to facilitate

demolding and minimum friction in the gun barrel during

firing;

~ a minimum melt 1index value :equired to be sure of the
5 moldability of the compounélmt" inside an extrusion and

injection machine.

Nylon 11 and nylon 12 are preferred because
they have the lowest moisture retention characteristics
of the polymer family. The morphology of nylon 11 and

10 nylon 12 can be described by two phases: an amorphous
phase and a crystalline phase where the crystallinity is
in the order of 20%.

In practice, the semi-crystallinity nature of

nylon 11 is characterized by its heat of fusion (11

15 calories/gram), its melting point (185°C), its high
crfstallization rate and its low water absorption to
saturation which,

~ at 20°C and 65% relative humidity, 1s 0.9 to

20 - at 20°C and 100% (RH), is 1.6 to 1.9%; and

- at 100°C and 100% (RH), 1s 2.4 to 3.0%.

One selected grade for the frangible
application is the nylon 11 from ATOCHEM FRANCE: NAT ES
having a size particle (0-80 um).

25 | In general, nylon 11 and nylon 12 are linear

and semi-crystalline thermoplastics. Nylon 11 1is derived

from castor oil and nylon 12 comes from butadiene.

- p— I R ) -l u ' . e TR acaw . .- v, v, M a - - . g - : ., e - - .~ - ~h - - . - - - - . LR - - ., * " W . . . . . LR amy - . . LY -~ - SN . . . e . - . . ~ - . . . . . - . - - - . - * . - . - . oW, .
TR L T TR S T Y e T e T T i T T T T 0 e D I T e e B e e AR L S e
) . ... i n “.'e . . B o Jae .‘-‘. A "...""‘..‘-_’ fe “.050' A ".: LER R ) . . . el R X ,\‘ ’- [ AIEEEL N ." LS T S R '.J\ ) JTah . ~.; N \" | ? . ‘e e 4 Y : ® . MY ™ 1 .~ . i . -ty : . ) - IR L _. . ,. . *' o > "?‘ - 0. - . '. L™ ‘, . » ‘-‘ . - - .
.‘...' (Y . . - s £ a g . ,.".‘.' Py LN ‘1 .\" Cﬁ.}‘, ,‘-\'., - :. et ‘.‘i;..t . ‘s'\ e . ’\' 1) B ¥ he . “\ -‘\‘ ‘}“w’le‘_{. ;“.' [ DN B . . ! "" v - 4 "'} L b » ‘: . ?( LI ‘e v _“.’-\ L . . q: _('._1 » : " \';-' v i'. iy . Ll t-..\ \! ) - *’)‘ R‘,{ .\.\' - . a i
. p . s o . . ¢ L 30 FERPIE S DRI, ;“‘ AL TR T YL kN . . - . ..' t.‘ o \ - iy .;‘- L % s \ . -f.sf\ . Do '5‘ 4 o — LS. K A.;l: L -; . T . ) b s . it . 0-‘.“\ . e . .}“h y;_c ‘.-1 L > ATy - ; - NP T R . i .
- . - . 2 3 . . » L .. -« &y A LI ' © - N e . b P 5 | PR T U ) ) v ot
- - o ' .o . - . TP .- - e acw P s -



{740 93/16349 PCT/CA93/00043

2128696

15

Because of differences 1in crystal structure caused
through amide group, nylon 12 has a slightly lower
melting point and density. Nylon 11 performs better at
higher temperature and, in addition, has superior UV
5 resistance. Both materials are not sO sensitive to
changes in humidity as other polyamides. Nylon 1l has a
higher heat distortion and a better low temperature
impact resistance. compared to nylon 6, nylon 66 and
nylon 610 (disclosed in the &bove-noted PCT application),
1.0 nylon 11 and nylon 12 have a 1low melting point, low

density, low shrink and, by far, the lowest moisture

regain.'
Copper 1is selected for the followiling
characteristics: density: 8.8 =~ 8.95; lead free;
15 duqtibility; good adherence to polymer; non abrasive;

cost efficiency. The -selected grade is directly related

to the particle geometry which has been determined to be

spheroidal to allow high loading 1n thermoplastic resin

and permit extrusion and injection molding. Spheroidal
20 is meant to designate cCoOpper particles whilch are not
perfectly spherical. satisfactory results have been

obtained with particles having a form factor between 1

and 1.2 (which 1s the ratio of the longest diameter tO

the shortest diameter).

25 As examples, two different ‘grades of copper

have been used:
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- US bronze C118 which 1is classified as a

spherical powder 99.2% copper with a nomilnal

mesh of less than.zoo;

- Alcan 155 which is a spherical powder 99.0%
5 copper - with the following' particle size

distribution:

- 10% of particles finer than 1llum;

- 50% of particles finer than 22um; and

- 90% of particles finer than 44um.

10 A wetting agent or coupling agent may be used
to facilitate a most uniform 1lialson between copper
particles and improve the flexibility of the composite
mix. An organo-zircdnate from Kenrich Petrochemical
{KRNZ 44) has been used and shown good results.

15 -~ Many polymers are susceptible to oxydation
whiéh causes elther a reiduction in chain length and
molecular weight (chain scission) leading to a loss of
stiffness strength and embrittlement. Oxydation can be
slowed down at moderate processing temperatures and its

20 effects are then associated with ageing or quite fast at
high processing temperatures and 1ts effects are then
associated with thermal stability. Antioxydant
represents one type of additive which contribute to the
control of_oxydation in frangible compound. A prima:y

25 oxydant which may be used in the present invention 1is of
the type "hindered phenolic". A secondary antioxydant

engaged in a synergistic action with the primary oxydant
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is an organophosphite. The judicious combination of
these two additives is a must to assure thermo-oxydative
protection to the nylon during processing and after

processing (long term protection).

5 . When thermoplastic polymers, such as nylon,
come in intimate contact with metallic filler as copper
- powder, the interaction between them 1in presence of
oxygen can lead to polymer ‘degradation. Copper metal 1s
easily oxydized and the presence of metal 1ons can act as
10 a catalyst on the thermal oxydatien of polymer, even in
presence of hindered phenolic antioxydant. Much more
effi.cient inhibition will be achieved by using a metal
deaCtivetor together with antioxydants. As a
consequence, _a metal deactivator/ antioxydant should be
15 Selected for the frangible ammunition due to the fact
that copper ie in direct contact wi'thm nylon resin. It 1is
classified as a diacylhydrazine resulting from a

molecﬁlar combination of sterically hindered phenols and

metal complexing group.

20 The injection molding of very highly-filled
thermoplastics raise the problem of reduction of
mechanical properties or resistance in the molded
product.‘ In this particular case, the degree of liaison
is at its lowest between the polymer matrix and the

25 filler, and to compensate, some additives are required to
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reestablish the minimum mechanical properties needed for
the application. One efficient thermoplastic elastomer
making super tough polyamide or nylon polymer is of the
olefinic type. Linear elastomeric molecules Or Cross-
S linked very small elastomeric particles, most frequently
ethylene-propylene are blended with a compatible
thermoplastic, most commonly polypropylene in ratio that
determines the stiffness of the resulting elastomer.
This class 1s often referred to as the olefinic

10 thermoplastic elastomer.

The compounding of frangible compound copper-
nylon involves a molten-polymer-hot metal interface. It
is often desirable to reduce the tendency of molten
polymers to stick to hot metal surface during processing

15 (rb&lmills, extrusion). Additives added to the polymer
for this purpos'e are often referred to as external
lubricant and their réle is clearly different from that
of internal lubricants which primarily affect the viscous
flow of the polymer. With the present invention, an

20 aluminium salt of aliphatic monocarboxylic acids (or
aluminium stearate) has been selected due to 1ts added
function as wetting agent. Acting as external and
internal lubricant, this aluminium stearate additive is
of great efficiency in the frangible compound with 1its

25 high melting point and 1its chemical compatibility with

copper.



2128696

WO 93/16349 PCT/CA93/00043

19

Light in itself would not do much direct harm

to pol_ymé.rs but the radiations, in particular ultra-
violet (UV) radiations, tend to initiate or catalyse
chemical degradation such as oxydation in a process often

5 globally referred to as "photooxydation". The reduction
of thé photooxydation can be done with suitable additives

often distinguish between UV absorbers which reduces the
essential factor of the degradation and light stabilizers

which control its progress. With the present frangible

10 ammunition, where the nylon is processed at high
' temperature, a UV absorber based o©n benzotriazole has
been selected in  combination an oligomeric light

| stabiliZer belbnging to the class of sterically hindered
amine to achieve a synergistic effect. These two

15 adglitives have extreme low volatility énd high thermal

stability making them ideal for processing with this

nylon resin compound.

Tt is wished that the present description
should not be limited 1n interpretation except by the

20 +erms of the following claims.
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The embodiments of the invention 1in which an

exclusive property or privilege 1is claimed are defined as

follows:

1. A frangible practice ammunition comprising a
compacted mixture of fine copper powder and of a thermo
plastic resin selected from the group consisting of nylon
11 and nylon 12; said c0ppe{'powder being of at least 92%
by weight; said mixture having a minimum specific gravity

of 5.7.

2. A frangible practice ammunition as defined in

“claim 1, wherein said mixture 1is an injection molded

compacted material.

3. A frangible practice ammunition as defined 1in
claim 1, wherein said copper powder consists of particles

having a spheroidal shape.

4. A frangible practice ammunition as defined 1n
claim 3, wherein a major portion of said particles have

a size finer than 44mm.

5. A frangible practice ammunition as defined in

claim 1, wherein said resin is 1n the shape of fine

PCT/CA93/000;"
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6. A frangible practice ammunition as defined in

claim 1, wherein said fine copper powder 1is about 92.5 -

93.5% by weight.

7. A frangible practice ammunition as defined 1in
claim 6, wherein said thermoplastic resin 1s about 6.5 -
7.5% by weight.

8. A frangible practice ammunition as defined 1n

claim 1, further comprising a lubricant.

9. A frangible practice ammunition as defined in

‘claim 1, further comprising a wetting agent.
10. A frangible practice ammunition as defined in
claim 1, wherein said mixture has a weilght of up to 36
grains for a 5.56 mm calibre.

11. A frangible practice ammunition as defined 1in

claim 1, wherein said mixture has a weight of up to 85

grains for a 9 mm calibre.

r————

‘‘‘‘‘‘‘‘‘‘‘‘‘



0 93/16349 ‘ 2128696 PCT/CA93/00043

/3
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Tensile strength, Flexural strength and Specific grav:ty
-VS- COpper content

Y A

< &
&
LN

@

Nl
¥

Tensile & Flexural strength (Mpa)

v Lad
- <&
|
I

W

10. — ___.L_L R .........__._..._.;..._ . — 1 S 45

89% 90% 91% 9% 93% 94% 95% 96%

, Copper content, % by weight |
—e— lensile strcngth Fiexural strength __.__ Specific gravity
Flgure 2
F lexural modulus (tan gent) & Izod 1mpact (unnotched)

| i - =VS- copper content - o

10 ps ' - ' 300

Flexural Modulus (x 1,000 Mpa) .
- %
=

o
Wy
-

N
¥
o

Lh
el
-
O

50

£

0% 9%  92%  93% 94% 95%
—.. Flexural modulus _._ Izod impact

Figure 3

Specific gravity (g/cm3)

[zod Impact unnotched (J/m)



it o

L]

" ¥ 93/16349

- — ——— ] o — A

3/3

-l e v SRR dew  s— v SRR - dhe

Mt e b -

PCT/CA93/00043

2128696

|
|
L]
-

© e v olfPin -

=y g

— e SR el A D =

LIS L A, B TR NS YRR SIA A W Y WD W S N ot S v I T e W TR v T

AP Bt Wt W e P R BN VAL @AY DT

e - W
A WA .

‘:.‘ :..‘1.! *"-"

va? o

tat gy .t
. -

1\""
o .






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - abstract drawing

