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(54) HYBRID CARBON-STEEL FIREARM BARREL

(57) A hybrid composite and steel rifle barrel assem-
bly relating to bolt action rifles (2) or other firearms, in-
cluding those that fire rimfire or centerfire ammunition.
The inner barrel construction consists of a premachined
and rifled steel barrel (12) that has been machined down
from its original geometry (11) to a much lighter and
smaller geometry to achieve a significant weight savings.
The metal portion of the barrel that is removed, is re-
placed by a composite tubular structure (13), that slips
over the machined down steel barrel which is then ad-
hesively bonded to the steel barrel. The composite barrel
consists of a plurality of concentric composite material
layers including carbon fiber-based uni-directional pre-
preg and a unique metallic weave that is placed within
the composite structure to aid in the thermal transfer of
heat extending from the chamber (6) to the muzzle (5)
end of the rifle barrel. The metallic weave is positioned

so that it is the first layer(s) within the composite structure
that make direct contact with the steel barrel. This metallic
weave is a continuous weave that extends the full length
of the barrel and not only provides a highly thermally con-
ductive layer, but also provides significant longitudinal
barrel stiffness. The resin matrix system within the com-
posite structure is a standard epoxy resin that preferably
does not contain any type of thermally conductive par-
ticulate or filler, to achieve an effective thermal transfer
layer. The resulting hybrid composite/steel barrel
achieves significant weight reduction compared to an
all-steel barrel in addition to increased accuracy. In ad-
dition to the weight reduction and accuracy benefits as-
sociated with this invention, is that the movement of a
bullet associated with shooting through a cold barrel (cold
bore) versus a hot barrel is reduced substantially.
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Description

Cross-Reference to Related Applications

[0001] This application claims the priority benefit of
U.S. Provisional Patent App. Serial No. 63/305,797 filed
February 2, 2022, U.S. Provisional Patent App. Serial
No. 63/215,753 filed June 28, 2021, and U.S. Provisional
Patent App. Serial No. 63/150,212 filed February 17,
2021.

Technical Field

[0002] The present invention relates generally to the
field of barrels for firearms, and more particularly to a
composite carbon and steel barrel for firearms, and meth-
ods of manufacture thereof.

Background

[0003] Carbon composite rifle barrels have been in ex-
istence for over 30 years beginning with small caliber rifle
rounds and migrating up to today’s larger caliber more
powerful rifle rounds. This migration has taken a relatively
long period of time due to the heat limitations of most
advanced composite materials. The heat generated dur-
ing the firing event creates temperatures that can soften
and significantly weaken a composite structure. Steel
barrels are generally far less susceptible to the same
heat generated, however steel typically weighs 4 times
as much as carbon/epoxy.
[0004] Over the years, there have been many efforts
to address the heat management of the barrel. For ex-
ample, US Patent No. 9,863,732 refers to a Mortar Round
Launch Tube. The primary method of thermal manage-
ment created by the explosion of the charge, is to infuse
the polymer resin matrix with highly conductive metallic
particles. These particles are mixed into the polymer res-
in at a very high percentage compared to the other com-
ponents in the polymer resin matrix. This technique may
raise the thermal conductivity of said polymer resin, how-
ever it also weakens the overall polymer strength and
therefore the overall composite structure strength. Load-
ing the polymer resin with these metallic particles at high
loading rates, would likely lower virtually all of the me-
chanical properties of the composite structure. This in-
cludes flexural strength, tensile strength, compressive
strength along with a significant reduction in the fatigue
properties of the composite structure. Since the metallic
particles are not part of the polymer resin chain, they
likely only reduce the overall strength of the chain and at
the same time are also likely to create initiators for micro
crack propagation within the composite structure.
[0005] Another reference that relies on filling the poly-
mer resin with conductive metallic fillers is US Patent No.
6,889,464. This patent also generally relates to a filament
wound composite structure that utilizes highly loaded pol-
ymer resin matrices. These matrices consist of metallic

particles mixed into the base polymer resin so that the
thermal conductivity values equal that of the steel bar-
rel/liner. For the thermal conductivity to be uniform both
through the thickness of the composite structure and
down the length of the composite structure, the metallic
particles typically must make physical contact with each
other forthe thermal transferto be efficient and uniform.
If the particles do not touch each other, it acts as a break
in the chain which lowers the thermal conductivity and
the rate at which the heat is conducted. Furthermore, the
composite structure is a mixture of a fiber reinforcement
and the resin. The typical fiber to resin ratio in most fiber
reinforced composites is 60% fiberto 40% resin based
upon volume. Therefore, to achieve a high thermal con-
ductivity in the composite structure, the percentage load-
ing rate of the metallic particles compared to the poly-
meric resin is typically maximized to the point of satura-
tion. Both design approaches fail to mention the detri-
mental effects that the metallic particles cause in the com-
posite structures. In both of these examples, it appears
that the primary focus was on trying to match the thermal
conductivity of the sub surface barrel or liner.
[0006] The Curliss Patent (US 9,863,732) discloses
that the thermal conductivity of said composite structure
exceeds a minimum of 75 watts per meter per degree
Kelvin which is close to the thermal conductivity of the
sub surface metal barrel.
[0007] Both US 9,863,732 and US 6,889,464 disclose
that the method of manufacturing the composite barrels
rely on a filament winding process whereby individual
carbon fibertows are helically wound around the steel
Barrel liner orsteel mandrel. This process is the preferred
manufacturing process for making fast tapering compos-
ite tubes like softball bats, tapered rifle barrels, pressure
vessels, etc. It is an automated process that allows one
to build a tubular composite structure with a low labor
content and is ideally suited for making composite pres-
sure vessels due to the fact that one can wind the carbon
fibers in a continuous fashion. Because the fibers are
continuous in a pressure vessel, this increases the burst
pressure strength significantly over pressure vessels
manufactured out of a metallic substrate. In the case of
rifle barrels, filament winding fibers that are transverse
to the axial (longitudinal) direction, provide significant
hoop strength thusly increasing the burst pressure
strength associated with the explosive forces created
when a rifle cartridge is ignited. Another advantage of
filament winding is that it allows for easy fiber angle
changes during the manufacturing process.
[0008] In the case of a carbon fiber rifle barrel that is
manufactured via the filament winding process, there is
at least one major inherent weakness that this process
creates. This weakness is the fact that this process is
limited to applying the axial (longitudinal) carbon fibers
at a fiber angle that at best is 5 to 8 degrees off-axis from
the true longitudinal (bore) axis. This off-axis fiber align-
ment effects the barrel stiffness and longitudinal com-
pressive strength of the composite barrel in a negative
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way. Within the laminate structure, these off-axis plies
create a large amount of residual stress in the laminate
that can cause the barrel to twist and bend when the
Barrel starts to heat up due to firing. This has a negative
effect on barrel accuracy, barrel stiffness and vibration
damping during firing. To compensate for some of the
negative impacts due to using this manufacturing proc-
ess, a typical approach is to overbuild the composite bar-
rel by adding substantially more material to basically try
to overpower the natural tendency of the barrel move-
ment as the barrel starts to heat up. This results in a
heavier barrel than would otherwise be necessary.
[0009] Accordingly, it can be seen that needs exist for
improved composite firearm barrels and methods of man-
ufacture thereof. It is to the provision of improved barrels
and manufacturing methods meeting these and other
needs that the present invention is primarily directed.

Summary

[0010] The present invention relates generally to im-
proved composite firearm barrels and methods of man-
ufacture thereof. In example embodiments, the invention
provides a composite rifle barrel that reduces the steel
barrel equivalent weight significantly, for example by
about 50%, while maintaining or increasing the barrel
accuracy during a cold to hot temperature transition re-
gime.
[0011] Various embodiments of the present invention
provide for a lightweight hybrid composite/steel barrel
construction for bolt action target and hunting rifles,
and/or for various other types of firearms. The present
invention can be summarized into the following general
areas:

• Non-Metallic composite materials

• Metallic composite materials

• Example methods of manufacturing of composite ri-
fle barrel component

• Example methods of manufacturing hybrid compos-
ite/steel barrel assembly

[0012] In example forms, the non-metallic portion of
the composite barrel tube consists of, comprises or in-
cludes a plurality of layers of various types of carbon fiber
and carbon fabric prepreg that are stacked in numerous
layers and at a variety of fiber angles to achieve the de-
sired balance of longitudinal barrel stiffness and sufficient
hoop strength to overcome the stresses associated with
the ignition of the explosive cartridge. In an example em-
bodiment, the carbon fiber utilized is categorized as PAN
(polyacrylonitrile, (C3H3N)n) based carbon fiber with a
variety of different grades of carbon fiber. PAN based
carbon fibers can range in fiber modulus (Youngs Mod-
ulus) from 33 Msi (million pounds per square inch) up to

70 Msi. These fibers are then combined with a polymeric
resin that in example embodiments of this invention may
be a damage tolerant epoxy resin. These two materials
are combined to form a material termed unidirectional
prepreg. The prepreg material is a continuous roll made
up of numerous strands of the individual carbon fiber
tows. Unlike filament winding whereby the operator ap-
plies a single tow in a continuous wrapping fashion, the
prepregs utilized in this invention are made into wide con-
tinuous rolls whereby the concentric layers are cut out to
form the general shape of the barrel profile. Once these
patterns are cut from the main prepreg roll, they are then
rolled around a steel mandrel, compressed via a means
of applying compaction force, and then heat cured in an
oven or hot press to form a rigid hollow barrel tube.
[0013] Rather than relying on adding metallic particles
or chopped pitch fibers to the resin to achieve high levels
of thermal conductivity, the epoxy resin utilized in some
example embodiments of the present invention has no
metallic fillers added. Furthermore, the epoxy resin may
be a standard 285F curing epoxy resin with a glass tran-
sition (Tg) temperature of, for example, about 225°F. In
the patents discussed in the Background section above,
the resins associated with these patents are typically con-
sidered "High Temperature" resins because the addition
of the metallic particles is actually pulling more heat from
the steel barrel liner into the composite structure raising
the temperature of the resin which generally requires res-
ins that have a high glass transition (Tg) temperature.
[0014] Although the PAN based carbon fibers are the
primary disclosed type of carbon fiber in this invention,
it is also contemplated that pitch-based carbon fiber, and
other types of fiber reinforcements such as fiberglass,
aramid, and/or PBO (polybenzoxazole) can also be uti-
lized. This can also be said about the types of polymeric
resins that can be utilized in this invention. Although the
primary embodiment disclosed utilizes an unfilled epoxy
resin, othertypes of resins can be used such as cyanate
ester, polyimide, phenolic, thermoplastic resin, etc.
[0015] As mentioned earlier, when metallic particles
are added to the resin to increase the overall thermal
conductivity of the composite barrel, it typically weakens
the composite structure and provides no additional stiff-
ness to the barrel itself. The metallic particles simply in-
crease the overall density of the resin in addition to raising
the thermal conductivity of the resin. The other problem
that these metallic particles present, is that by having the
metallic particles dispersed throughout the entire com-
posite structure, the entire structure then heats up to the
same level of the steel barrel instead of acting as an
insulator. This causes issues with the resin softening and
thusly reduces the barrel stiffness which has a direct ef-
fect of rifle accuracy.
[0016] The metallic composite portion utilized in exam-
ple embodiments of the present invention addresses this
issue by incorporating a unique metallic mesh comprised
of continuous metallic filaments that extend in a contin-
uous fashion from the breech end to the muzzle end of
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the composite barrel. This unique mesh consists of steel
filaments that are woven to form a fabric weave, which
is then impregnated with the same epoxy resin contained
in the carbon fiber reinforced section of the same barrel
tube. This metallic woven prepreg is then cut into circum-
ferentially concentric patterns that run continuously down
the longitudinal axis of the barrel. The number of layers
of this weave can vary depending on the amount of heat
generated during the single firing event or through re-
peated firings events over a period of time commonly
referred to as the "cyclic rate". In the case of bolt action
rifles, the amount of heat generated compared to a semi-
automatic rifle or even fully automatic rifle is typically far
less due to the cyclic rate differences.
[0017] In a representative example embodiment, this
metallic weave is comprised of a 304 stainless steel wire
with a wire diameter of between about .001" to .010". In
alternate embodiments, othertypes of steel or other met-
als and/or other wire diameters may be utilized. Although
the thermal conductivity of stainless steel is not as high
as other metals like aluminum and copper, stainless steel
provides many other benefits that outweigh its lower ther-
mal conductivity compared to these highly thermally con-
ductive metals. As can be seen in Table 1, the compar-
ative thermal conductivities of various metals like stain-
less steel are well below that of copper and aluminum.

[0018] However, stainless steel is still 15 times more
(see table 1) thermally conductive than the surrounding
carbon fiber/epoxy layers. Furthermore, stainless-steel
has a much higher modulus of elasticity compared to
aluminum and copper, which significantly contributes to
increasing the overall barrel stiffness. Both copper and
aluminum are very malleable metals which are much
"softer" than stainless steel and are prone to bending at

TABLE 1

Material Thermal conductivity (W/mk)

Silver 429

Copper (pure) 399

Gold (pure) 317

Aluminium (pure) 237

Iron (pure) 80.2

Carbon Steel (1%) 43

Stainless steel 15.1

Carbon fiber 1

Glass 0.81

Water 0.6

Plastics 0.2-0.3

Wood 0.087

Air 0.026

much lowerstress levels. Another factor to take into ac-
count when choosing the metal for the metallic weave is
the potential for galvanic corrosion associated with com-
bining certain metals like aluminum with carbon fiber in
a structure. This can cause corrosion and structural de-
terioration of the composite leading to a catastrophic fail-
ure.
[0019] Another important factor associated with this
novel metallic weave, is the weave style itself. Woven
fabrics have a plethora of weave styles associated with
them ranging from basket weaves, plain weaves, multi
harness satin weaves, braids, Dutch weaves, etc. As
used herein with reference to woven materials, the lon-
gitudinal axis (Rifle Bore axis) is called the "warp" direc-
tion and the transverse direction (90 degrees from axial
direction) is called the "weft" direction. Example embod-
iments of the present invention include a ratio of the warp
direction fibers compared to the weft direction fibers of
approximately 70% warp and 30% weft. This ratio may
vary depending on the cyclic rate and overall heat gen-
erated due to the weapon style and caliber of round, for
example within a range of about 60% to 80% warp fibers
and a corresponding range of about 40% to 20% weft
fibers, respectively.
[0020] In particular example embodiments of the
present invention, the composite pattern layers are
wrapped around a steel mandrel that matches the taper
rate and outer dimensions of the machined down steel
barrel. The mandrel is designed to allow for a minimum
adhesive bondline thickness of, for example,
about .005" throughout the entire longitudinal axis of the
composite barrel tube. In example embodiments, all or
substantially all of the individual plies throughout the wall
thickness of the barrel tube, consist of single plies that
are circumferentially concentric. The first concentric
composite layers that are wrapped around the steel man-
drel are comprised of this novel stainless-steel weave
that is highly directional. The longitudinal direction of the
stainless-steel wires is oriented in the axial (bore direc-
tion) of the barrel itself. In essence, the metallic mesh
runs the entire length of the barrel where the barrel is
reinforced with composite material. In example embodi-
ments, this core of stainless-steel and composite pro-
vides both increased structural strength and a thermally
conductive core in this area that is 15 times greater than
the carbon fiber/epoxy alone. Therefore, when the heat
is generated from the firing event, it conducts through
the steel barrel into the metallic weave strands contained
in the first layers of the composite. This allows the heat
to move along the bore axis much faster than through
the thickness of the remaining composite located out-
board of the metallic weave core.
[0021] In the case of high caliber rounds such
as .300, .308, 6.5 mm, etc., particular example embodi-
ments of the present invention contain at least one, and
optionally a plurality of, for example, two, three, four or
more discrete layers of .0024" thick stainless-steel
weave or mesh prepreg with each layer comprising an
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interleaf layer of carbon fiber prepreg oriented in the hoop
direction of the barrel. In example embodiments, the
thickness of the carbon fiber prepreg is the same as the
stainless steel prepreg or approximately .0024". Each
consecutive layer of the combined stainless steel prepreg
is attached to the carbon fiber prepreg interleaf. Then the
ply of the combined materials is rolled in a counter-clock-
wise direction as it is being attached. In example embod-
iments incorporating four layers of the attached plies,
they are clocked or offset from one another at 90-degree
increments as are the subsequent layers of the carbon
fiber prepregs. This clocking of the composite layers ex-
tends throughout the structure up through the outer sur-
face of the barrel tube. This maintains uniform wall thick-
ness and reduces variations in the transfer of heat due
to having a uniform wall thickness. The carbon fiber in-
terleaf layer attached to the stainless-steel weave pro-
vides significant hoop strength to counter the hoop
stresses associated with the explosion of the cartridge.
This is due to the 90-degree orientation of the carbon
fiber. In alternate embodiments, fewer or more layers
and/or different thicknesses may be utilized.
[0022] Another added benefit of the carbon fiber inter-
leaf is that it acts as an insulation layer between the ad-
jacent plies of the stainless-steel weave layers, due to
the fact that the through thickness coefficient of thermal
expansion along with the coefficient of thermal conduc-
tivity through the thickness is very low. This is due to the
fact that the through thickness properties are a resin dom-
inant property. If we were to add metallic particles into
the polymer resin as has been done in the aforemen-
tioned background reference examples, then the thermal
conductivity of the resin would increase substantially, and
the interleaf would no longer act as an insulator. Because
conductivity is the inverse of resistivity, as you increase
the conductivity of the resin in the entire structure you
increase the overall temperature of the resin which cre-
ates a softening in the resin as the heat approaches the
glass transition (Tg) temperature. This then equates to
a softening in the stiffness of the barrel which in turn
effects the accuracy of the barrel and the weapon.
[0023] Since the carbon interleaf is providing an insu-
lation barrier between each one of the four stainless steel
plies in example embodiments of the present invention,
the stainless-steel filaments that are oriented in the axial
(bore) direction provide for a highly conductive thermal
pathway that exits it at the muzzle. If all of the stainless-
steel plies were allowed to make contact with each other,
then the entire thickness of the stainless-steel section
would increase and hold temperature more than if they
are separated by an insulative layer. The rate at which
the heat that is caused by the explosion of the cartridge,
can travel down through the stainless-steel filaments
contained in the weave layer is highly dependent on the
wire diameter and the efficiency of the insulative factor
of the interleaf. Due to the fact that the wire is a continuous
filament compared to a resin filled with metallic particles,
the heat transfer rate is significantly increased. In a pri-

mary example embodiment, a wire diameter of between
about .001" to .002" is utilized. In other embodiments the
thickness of the stainless-steel wire can range between
about .001" and .010" depending on the overall wall
thickness of the composite structure and the total amount
of heat that needs to be transferred by the stainless-steel
layers.
[0024] In example embodiments of the present inven-
tion, all of the composite layers located outboard of the
last stainless steel weave ply consist of, comprise or in-
clude carbon fiber unidirectional prepreg except forthe
outer plies of a woven carbon fiber weave. These plies
are oriented in the axial (bore) direction or longitudinal
axis of the barrel tube. These plies play a large role in
increasing the barrel stiffness and are attached in a man-
ner that centers the pattern to the midpoint of the barrel
diameter. Unlike the filament winding process which is
limited to at best a 5 to 8 degree off axis capability in
reference to the true longitudinal axis of the barrel, by
utilizing unidirectional prepreg tape the plies can be
placed in a true longitudinal orientation. By eliminating
orsubstantially reducing the off-axis orientation of the car-
bon fiber, this increases the barrel stiffness and the com-
pressive strength and the compressive modulus of the
composite barrel itself. Since all or a substantial portion
of the plies in the entire composite structure in example
embodiments of the invention are wrapped with the cent-
er of the ply oriented in a true longitudinal direction and
not off-axis, this means that the stainless-steel filaments
located within the weave plies are also contributing sig-
nificantly to the barrel stiffness. This is the primary reason
that stainless steel is preferred versus aluminum or cop-
per. Stainless-steel has an elastic modulus of 28 Msi
whereas aluminum has an elastic modulus of 10 Msi or
roughly 1/3 the stiffness of stainless-steel. Therefore, in
the same given thickness and area of the composite bar-
rel, the stainless-steel plies provide three times the axial
(bore) stiffness compared to aluminum or two times the
axial (bore) stiffness compared to copper which has an
elastic modulus of 15 Msi.
[0025] During the filament winding process and after
the curing of the polymeric resin, when the composite
barrel cools down after the cure cycle it creates residual
stresses in the laminate that are prone to twisting due to
the limitation of the winding process. A rifle barrel that is
made with this method is susceptible to barrel twist as
the composite barrel begins to heat up and approaches
the resin Tg. When this occurs, the residual stresses con-
tained within the laminate will cause the material to
change its stiffness and barrel straightness.
[0026] The final layer of composite material contained
within the preferred embodiment, are multiple layers of
a novel carbon flat tow weave that are oriented at a +/-
45-degree angle relative to the axial (longitudinal) direc-
tion. By orienting this carbon fabric weave at this angle,
it increases the torsional stiffness and reduces the tor-
sional deflection associated with the torsional loads
cause by the bullet passing through the rifling of the bore.
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[0027] In example methods of manufacture, after all of
the plies are wrapped in a center axis fashion around the
steel mandrel, they are compacted using either spiral
wound cellophane tape and cured in an oven or com-
pacted and cured utilizing an autoclave or matched metal
mold. In an example embodiment, the layup is cured us-
ing a cello wrapping process with cellophane tape and
then cured at a temperature of about 300°F. After ap-
proximately a two-hour cure cycle, the composite barrel
and mandrel are cooled down to ambient temperature
where the composite tube is extracted from the mandrel.
Once extracted from the mandrel, the composite barrel
tube is trimmed to a final length and the surface is sanded
to a smooth finish. The tube is now ready to be adhesively
bonded to the actual steel rifle barrel.
[0028] The final steps in manufacturing a complete
functioning rifle barrel with this novel composite rifle bar-
rel are detailed herein according to example embodi-
ments. The inside surface of the composite barrel tube
is cleaned and prepared for bonding by using a cleaning
solution and wire brush throughout the entire length of
the barrel tube. This ensures that any excess mold re-
lease that transferred from the steel molding mandrel, is
removed so that the epoxy adhesive used to bond the
composite barrel to the steel rifle base has a clean sur-
face. This process is also performed on the steel barrel
liner that the composite barrel tube slips over and bonds
to. Any sort of contamination on the steel rifle barrel liner
or the inside of the composite barrel tube can cause dela-
mination. Once the two parts are cleaned and prepared
for bonding, a two-part epoxy adhesive is used to bond
the two components together. In the preferred embodi-
ment, an epoxy adhesive that has high thermal conduc-
tivity is applied in a spiral fashion extending from the
breech to the muzzle end of the barrel. Once the adhesive
is applied and the composite barrel tube is slipped into
its final position, a removable tensioning nut is threaded
onto the steel barrel liner and tightened to at least about
5 foot-pounds (or pound-foot) of force or torque, and in
some example embodiments to at least about 10 foot-
pounds (or pound-foot) of force ortorque. Once the tube
is fastened, it cures for a period of about two hours at
ambient temperature and then cured in an oven for ap-
proximately one hour at a temperature of about 180°F.
After the completed hybrid barrel is removed from the
oven and cooled, it is ready to be assembled into the
stock.
[0029] In one aspect, the invention relates generally to
a barrel for a firearm. The barrel preferably includes a
steel inner barrel liner, and a composite outer barrel
sleeve comprising metallic fibers and non-metallic fibers,
wherein the composite outer barrel sleeve is engaged
around the steel inner barrel liner.
[0030] In another aspect, the invention relates to a
method of manufacturing a firearm barrel. The method
preferably includes applying a composite outer barrel
sleeve incorporating metallic fibers and non-metallic fib-
ers in engagement around a steel inner barrel liner.

[0031] In still another aspect, the invention relates to
a barrel for a firearm. The barrel preferably includes a
steel inner barrel liner having an external taper extending
and tapering continuously from a larger breech end di-
mension to a smaller muzzle end dimension. The barrel
preferably also includes a composite outer barrel sleeve
having an internal taper configured to generally match
the external taper of the inner barrel liner. The barrel pref-
erably also includes a tensioning nut configured for en-
gagement with the inner barrel liner and the outer barrel
sleeve to place the inner barrel liner in tension and the
outer barrel sleeve in compression.
[0032] In another aspect, the invention relates to a hy-
brid composite / steel barrel for a firearm. The barrel pref-
erably defines a length extending in a lengthwise direc-
tion from a breech end to a muzzle end. The barrel pref-
erably includes a steel inner barrel liner having a reduced
material thickness relative to a standard firearm barrel of
the same caliber. The barrel preferably also includes a
composite outer barrel sleeve engaged around the inner
barrel liner. The outer barrel sleeve preferably includes
a woven metal mesh material having metallic fibers ex-
tending along the length of the barrel to conduct and dis-
sipate heat in the lengthwise direction, and also includes
carbon fibers.
[0033] These and other aspects, features and advan-
tages of the invention will be understood with reference
to the drawing figures and detailed description herein,
and will be realized by means of the various elements
and combinations particularly pointed out in the append-
ed claims. It is to be understood that both the foregoing
general description and the following brief description of
the drawings and detailed description of example em-
bodiments are explanatory of example embodiments of
the invention, and are not restrictive of the invention, as
claimed.

Brief Description of the Drawings

[0034]

Figure 1 is a side view of a firearm having a barrel
according to an example embodiment of the inven-
tion, installed on a rifle stock.

Figure 2 is a perspective view of a firearm barrel
according to an example embodiment of the inven-
tion. Figure 2A is a detailed view of a portion of the
barrel at the indicated location on Figure 2.

Figure 3 is a first side view of the firearm barrel of
Figure 2.

Figure 4 is a second side view of the firearm barrel
of Figure 2.

Figure 5 is a top view of the firearm barrel of Figure 2.
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Figure 6 is a bottom view of the firearm barrel of
Figure 2.

Figure 7 is a first or muzzle end view of the firearm
barrel of Figure 2.

Figure 8 is a second or breech end view of the firearm
barrel of Figure 2.

Figures 9A, 9B, 9C and 9D are isometric, side, top,
and end views of a woven wire mesh construction
according to an example embodiment of the inven-
tion.

Figures 10A, 10B, 10C and 10D are cross-sectional
views of the longitudinal axis of the initial steel barrel
profile, the machined barrel profile, the composite
barrel profile and the finished hybrid barrel according
to example embodiments of the invention.

Figure 11 is a cross-sectional end view of the muzzle
end of a composite barrel according to an example
embodiment of the invention detailing the various
layers of the composite and steel barrel liner.

Figure 12 is a view of the composite pattern layers
of the stainless-steel woven mesh and the carbon
fiber composite interleaf layer of a composite barrel
according to an example embodiment of the inven-
tion.

Figure 13 is a view of the composite pattern layers
of the carbon fiber composite layers outboard of the
stainless-steel layers of a composite barrel accord-
ing to an example embodiment of the invention.

Figure 14 is a view of the composite pattern layers
of the carbon fiber composite including the carbon
fiber fabric weave on the outside of the composite
barrel according to an example embodiment of the
invention.

Figure 15 is a chart with plots for both the elastic
modulus and thermal expansion of carbon fiber using
a filament winding process according to an example
embodiment of the invention.

Figure 16 is a chart of thermal profiles for both an
all-steel barrel in addition to a hybrid composite/steel
barrel according to an example embodiment of the
invention.

Figures 17A, 17B, 17C and 17D are illustrations of
bullet migration due to a cold barrel and a hot barrel
of an example embodiment of the invention in com-
parison to a steel barrel.

Figure 18 is a chart showing the accuracy results

comparing an all-steel barrel to the hybrid composite
barrel according to an example embodiment of the
current invention.

Figure 19 is an isometric view of a tensioning nut
component according to an example embodiment of
the present invention.

Figure 20 is a side view of the tensioning nut accord-
ing to an example embodiment of the present inven-
tion.

Figure 21 is an end view of the tensioning nut ac-
cording to an example embodiment of the present
invention.

Figure 22 is a cross-sectional side view of the ten-
sioning nut according to an example embodiment of
the present invention.

Figure 23 is an end view of the rachet side of a ten-
sioning nut tool according to an example embodi-
ment of the present invention.

Figure 24 is a cross-sectional view of the tensioning
nut tool according to an example embodiment of the
present invention.

Figure 25 is an end view of an alternate configuration
for the tensioning nut including four equally distant
spaced holes, according to another example embod-
iment of the present invention.

Figure 26 is an end view of an alternate configuration
for the tensioning nut including eight equal distant
holes, according to another example embodiment of
the present invention.

Figure 27 is a cross-sectional view along the longi-
tudinal axis of a steel core barrel liner after machin-
ing, according to an example embodiment of the
present invention.

Figure 28 is a cross-sectional view along the longi-
tudinal axis of a carbon slip fit barrel tube, according
to an example embodiment of the present invention.

Figure 29 is an assembly view detailing how the car-
bon slip fit barrel tube slides over the steel core barrel
liner, according to an example method of the present
invention.

Figure 30 is an assembly view detailing how the ten-
sion nut is applied, according to an example method
of the present invention.

Figure 31 is a cross-sectional view of the completed
rifle barrel assembly with the tensioning nut, accord-
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ing to an example embodiment of the present inven-
tion.

Figure 32 is an exploded cross-sectional side view
of the tension nut end of a rifle barrel assembly ac-
cording to an example embodiment of the present
invention.

Detailed Description of Example Embodiments

[0035] The present invention may be understood more
readily by reference to the following detailed description
of example embodiments taken in connection with the
accompanying drawing figures, which form a part of this
disclosure. It is to be understood that this invention is not
limited to the specific devices, methods, conditions or
parameters described and/orshown herein, and that the
terminology used herein is for the purpose of describing
particular embodiments by way of example only and is
not intended to be limiting of the claimed invention. Any
and all patents and other publications identified in this
specification are incorporated by reference as though ful-
ly set forth herein.
[0036] Also, as used in the specification including the
appended claims, the singular forms "a," "an," and "the"
include the plural, and reference to a particular numerical
value includes at least that particular value, unless the
context clearly dictates otherwise. Ranges may be ex-
pressed herein as from "about" or "approximately" one
particular value and/or to "about" or "approximately" an-
other particular value. When such a range is expressed,
another embodiment includes from the one particular val-
ue and/or to the other particular value. Similarly, when
values are expressed as approximations, by use of the
antecedent "about," it will be understood that the partic-
ular value forms another embodiment.
[0037] With reference now to the drawing figures,
wherein like reference numbers represent corresponding
parts throughout the several views, Figure 1 represents
a rifle assembly 2 of a typical boltaction sporting rifle
which contains a rifle stock as is depicted in the drawing
along with a rifle barrel 1 that is attached to the stock.
The rifle assembly 2 is a type of rifle that is not limited to
a caliber size, but is applicable to both rim fired cartridges
and highly powered center fire rifles such as .308, .300
Win Mag, 6.5 Creedmoor calibers, as well as others. Al-
though the primary focus of this invention has been fo-
cused on these types of rifles, the invention described
herein is applicable to any firearm with a rifled or unrifled
barrel including handguns and semi-automatic rifles. Al-
so, while described and shown primarily with respect to
example embodiments in the form of bolt action sporting
and hunting rifles, the present invention may also be
adapted to barrels for various other types of firearms,
including without limitation, semi-automatic or automatic
firearms, pump-action firearms, lever-action firearms,
break-action firearms, falling block firearms, firearms op-
erated by other actions, long guns, handguns, rifles, shot-

guns, cannons, and other types and formats of firearms.
Forthis reason, the drawing depictions of and reference
to a rifle assembly 2 will be understood as representing
an exemplary but non-limiting embodiment forthe novel
concepts of this invention. Referring still to FIG. 1, the
barrel assembly 1 may be characterized as a generally
tubular construct centered around a longitudinal bore ax-
is that has a breech end 6 and an opposite muzzle end 5.
[0038] Figure 2 represents an isometric view of the
composite barrel 1 which has been bonded to the steel
barrel liner and shows that the composite barrel 2 section,
extends from the breech end of the rifle assembly to the
muzzle end of the rifle barrel. Figure 3 is a top view of
the composite barrel 1 while Figure 4 shows the bottom
view 3 of the composite barrel which is exactly 180 de-
grees opposed to the top view 1. One can see that in
view 3, the fibers contained in the outer carbon weave
which is oriented at a +/- 45-degree fiber angle in refer-
ence to the longitudinal axis of the composite barrel come
together and form a seam line. This seam line is then
oriented so that it is hidden from view by fixturing the
composite/steel barrel 1 into the bottom channel located
in the stock 2 and thusly is not seen by the consumer.
[0039] Figures 5 and 6 represent a side view and the
location of a cut away cross-sectional view 4 of the com-
posite barrel assembly 1. Figures 7 and 8 are cross-sec-
tional views of the muzzle end (Figure 7, element 5) and
the breech end (Figure 8, element 6) of the hybrid com-
posite/steel barrel. The radial wall thickness 5 is repre-
sented in figure 7 where it shows the inner steel barrel
liner represented by dotted lines that form a circle. Detail
6 represents the breech end of the hybrid composite/steel
barrel where the barrel is 100% steel construction. This
demonstrates that the radial wall thickness can increase
or decrease along the longitudinal axis of the barrel de-
pending on factors such as burst strength, heat and stiff-
ness driven requirements.
[0040] Figure 9 (Figures 9A, 9B, 9C and 9D collective-
ly) contains a variety of views detailing the construction
of the metal mesh weave. In an example embodiment,
the reinforcing layer 9 is a sheet of metal mesh with an
80 times 80 wires per inch with a wire diameter of
0.001-0.002 inches. In the example embodiment, the re-
inforcing layer 9 is a stainless-steel mesh. The pattern
of the steel mesh is a plain weave where the warp wire
7 (wire running-parallel to length of the mesh material)
passes alternately over and under the wires running
transversely 8 through the mesh material (fill or shoot
wires) at 90-degree angles. Reinforcing layer 9 is orient-
ed where the warp wire 7 is parallel with the longitudinal
axis 1 of the composite barrel and the fill wire 8 is per-
pendicular to the longitudinal direction. By orienting the
mesh in this particular manner, the 90-degree (from bore
axis) fiber orientation of the carbon fiber hoop ply rein-
forcing layer 10 provides additional hoop strength to the
composite barrel 1. It is contemplated that the angle of
the mesh wires may be varied according to application
and desired overall strength of the composite barrel 1. It

13 14 



EP 4 047 300 A1

9

5

10

15

20

25

30

35

40

45

50

55

is further contemplated that the number of wires per inch
and wire diameter may be changed to fit the strength
characteristics and thermal characteristics desired for
the composite barrel 1. The type of metal used for the
metal mesh is not meant to be limiting and the determi-
nation of type of metal used will be determined by the
strength, stiffness and thermal heat transfer characteris-
tics desired for the composite barrel 1. It is also contem-
plated that the reinforcing layer 9 may be made of alter-
native types of materials besides metal. U.S. Patent App.
Serial No. 17/165,721 (U.S. Patent Pub. No. US
2021/0252352 A1) filed February 2, 2021, and U.S. Prov.
Pat. App. Serial No. 63/086,017 filed September 30,
2020, are hereby incorporated herein by reference in
their entireties.
[0041] Figure 10A represents a longitudinal sectional
view of the steel barrel in its original dimensions and pro-
file 11; Figure 10B represents a steel barrel that has been
machined down to a profile that will accept the composite
barrel tube, also referred to as the inner barrel liner 12;
Figure 10C represents a composite hollow tubular barrel
or outer barrel sleeve 13; and Figure 10D represents the
completed hybrid barrel 14 with the composite hollow
tube or outer barrel sleeve 13 bonded to the machined
down steel inner barrel liner 12. In some example em-
bodiments, the internal wall of the steel barrel 12 has
rifling on the inside that extends from the breech end 6
to the muzzle end 5. In alternate embodiments, the inner
barrel liner 12 may comprise various types or grades of
steel including carbon steel and/or stainless steel, other
metals, ceramics, high-temperature polymers, and/or
other materials. The profile dimensions of the steel barrel
12 are duplicated to the inner diameter of the composite
barrel tube 13 with the exception of the diameters. To
accommodate a sufficient amount of thermally conduc-
tive adhesive between the composite barrel tube 13 and
the machined down steel barrel 12, the inner diameter
of the composite barrel tube 13 may be increased by
about .005" over the outer dimensions of the machined
down steel barrel 12 in the preferred embodiment. This
bondline gap is preferably generally constant throughout
the entire longitudinal axis of the bore extending from the
breech end 6 to the muzzle end 5. The radial wall thick-
ness can vary from the breech end of the composite bar-
rel tube 13, to the muzzle end. In some example embod-
iments, the steel barrel liner is machined down from a
standard firearm barrel by removing a portion of the
standard barrel’s exterior material to form a reduced bar-
rel material thickness relative to the original material
thickness of the standard firearm barrel from which it was
formed. In other example embodiments, the barrel liner
is originally fabricated with a reduced barrel material
thickness relative to a standard firearm barrel of the same
caliber and/or barrel format.
[0042] In this manner, the barrel liner has a substan-
tially reduced weight relative to a standard steel firearm
barrel of the same caliber and/or barrel format. Some or
all of the materials from which the composite barrel tube

are formed preferably have a lower material weight or
density than the steel material of the barrel liner, whereby
the overall hybrid barrel assembly is lighter in weight than
a standard firearm barrel of the same caliber and/or barrel
format. In some particular examples, the machined down
inner barrel liner 12 has an outside diameter of at least
about 20% less, and in further examples at least about
30% less than the barrel outside diameter of a standard
or commercial average steel barrel of a firearm of the
same caliber and type. For example, for a 6.5 Creedmoor
barrel, a standard steel barrel diameter may be
about .941" (23.90 mm), whereas a steel inner barrel lin-
er according to some example embodiments of the
present invention may have a diameter of about .625"
(15.87 mm); i.e., the outside diameter of the barrel liner
is about 66% or 2/3 the outside diameter of the standard
steel barrel (about 34% or 1/3 less). In another example,
a standard or commercial average steel .30 caliber rifle
barrel may have a barrel wall thickness (bore to outside
diameter, measured at 12 inches from muzzle) of about
0.287" (7.289 mm), whereas a steel inner barrel liner of
the same caliber according to an example embodiment
of the present invention may have a barrel wall thickness
of about 0.162" (4.114 mm); i.e., about 56% the steel
barrel wall thickness, or about a 44% reduction in steel
barrel wall thickness. In terms of weight, in some example
embodiments, the hybrid composite barrel of the present
invention may have an overall weight of at least about
10% - 15% less, and in further examples at least about
20 - 25% less, and in further examples at least about 30
- 35% less, than the overall weight of a standard or com-
mercial average steel barrel of a firearm of the same ca-
liber, barrel length and format (firearm type). In further
example embodiments, barrel weight may be reduced
by up to 50% or more. In particular examples, a standard
or commercial average steel .30 caliber rifle barrel may
have a weight of about 60.53 oz (1716 g), whereas a
hybrid composite barrel of the same caliber and barrel
length according to an example embodiment of the
present invention may have a weight of about 40.25 oz
(1141 g); i.e., about 66% (2/3) the weight, or about a 33%
(1/3) reduction in overall barrel weight.
[0043] Figure 11 is a transverse cross-sectional view
of the hybrid composite/steel barrel assembly (1,14)
showing the steel barrel liner 12 in addition to all of the
composite layers 16, 17, 18 and 19 outbound of the steel
barrel liner 12. Beginning at the inner barrel steel core
12, the subsequent composite layers 16, 17, 18 and 19
consist of pre-impregnated fiber and fabric reinforcement
with a polymeric resin. Unlike many previous approaches
that utilize a filament winding process whereby individual
fiber tows are wound around a steel mandrel, example
embodiments of this invention use 100% prepreg which
is then cut into precise circumferentially wrapped discrete
layers. The steel barrel 12 wall thickness can vary de-
pending on the type of round being fired due to the fact
that both the heat and stresses generated by the explo-
sive force of firing the cartridge will vary. Hence, the great-
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er the explosive force and heat generated, the thicker
the steel wall thickness will be. In example embodiments,
the steel barrel 11 will be machined down to form a new
thinner barrel core, liner or sleeve 12 that will accept the
composite barrel tube. The amount of steel removed from
the original steel barrel 11 is dictated by the minimum
amount of steel that can withstand the explosive forces
of the explosion event. Once the amount of material to
be removed has been calculated, a new profile is created
12 and a mandrel is then designed to match the outer
diameter of said new barrel profile 12 plus the addition
of the .005" for the bondline thickness. In alternate em-
bodiments, the steel barrel liner 12 is initially fabricated
with the reduced thickness, rather than machined down
from a greater thickness. In some embodiments the bar-
rel liner 12 has a rifled internal bore comprising helical
grooves or other surface features (e.g., for use as a rifle
or handgun barrel), and in other embodiments the barrel
liner has a smooth internal bore (e.g., for use as a shotgun
barrel).
[0044] Moving on to the subsequent plies 16, 17, 18
and 19, ply 16 is the layer of thermally conductive adhe-
sive 16 which bonds the outer composite barrel tube to
the inner, optionally rifled, steel barrel 12. Section 17 are
the first plies that come into contact with the steel barrel
liner 12 are that of the metal mesh weave 9 with the car-
bon fiber prepreg interleaf 23. In example embodiments,
this section of the wall thickness is comprised of 4 layers
of the stainless-steel weave 9 and the carbon fiber pre-
preg 23 which forms the interleaf and is rolled as a single
layer. Each layer is oriented at 90-degree starting point
intervals so that any overlap of the patterns will blend
into the surrounding layers and reduce the amount of
wall thickness variations. The plies in section 18 consist
of carbon fiber prepreg oriented in a longitudinal axis
where the elastic modulus of the carbon fiber ranges from
33 Msi to over 60 Msi. The fiber type chosen is dependent
on performance factors and cost factors, however the
preferred embodiment utilizes a ratio of 75% high mod-
ulus fibers (e.g., 60 Msi tensile) and 25% standard mod-
ulus fibers (e.g., 33 Msi tensile). The final section 19 con-
sists of a novel flat tow carbon weave, for example as
shown in the detail 2A of Figure 2, that exhibits very high
translation properties due to the fact the fiber tow is
spread in a flat shape verses a typical round shape as-
sociated with most woven fabrics. These layers 19, are
oriented at a +/- 45-dgree fiber angle relative to the lon-
gitudinal (bore) direction of the composite tubular barrel
13. In example embodiments, the +/- 45-degree fiber an-
gle is the optimum fiber angle for controlling the torsional
deflection of the composite barrel tube. Therefore, this
reduces the torsional deflection of the overall rifle barrel
thusly reducing the barrel twist typically associated with
rifled gun barrels. In alternate embodiments, different off-
set angles may be utilized between layers, for example,
within a range of about +/- 30 degrees to 60 degrees
relative to the longitudinal bore axis direction.
[0045] Figures 12-13 represent an illustrative top view

of composite material patterns for a reinforced composite
barrel tube 1 is shown. The unidirectional carbon fiber
prepreg 22, 26, 27, 28 and 29 along with the metal mesh
weave 9, 20 material can be cut into patterns which are
then rolled and formed into the finished composite barrel
tube. Carbon fiber manufacturing techniques that may
be utilized include the wrapping of carbon fiber prepreg
around a mandrel which is then heated and formed into
the desired article of manufacture. The composite barrel
tube can be formed by rolling a first metal mesh weave
9 prepreg around a mandrel to form a thermally conduc-
tive core. This core is represented by patterns 20, 22 and
24 whereas the first ply in the ply sequence is one of the
desired metal mesh weave 20. Due to the thin and flexible
nature of this novel metal mesh weave 20, ply 20 is at-
tached 24 to a ply of unidirectional carbon fiber prepreg
that is oriented at a 90-degree fiber orientation 22 relative
to the longitudinal (bore) direction of the composite tu-
bular barrel 1. Apart from providing stability during the
rolling process of the composite barrel tube 1, this ply 24
provides an interleaf which separates the individual metal
mesh weave plies 9 contained in the overall wall thick-
ness. This layer 22 provides an insulative layer between
each one of the metal mesh weave plies 9 which provides
an excellent pathway for conducting and dissipating the
heat generated by the explosion of the cartridge to quickly
and efficiently transfer heat from the breech end 6 of the
rifle barrel to the muzzle end 5, and dissipating the heat
to the ambient surroundings. The combined layers 25 of
the metal mesh weave 9 and the carbon fiber prepreg 22
oriented at a 90-degree orientation relative to the longi-
tudinal (bore) axis represent a single ply. In the preferred
embodiment, there are 4 plies of the interleafed com-
bined prepreg 25 which are attached in 90-degree incre-
ments circumferentially around the hoop axis of the com-
posite barrel tube. In other embodiments, the number of
plies 25 can vary based upon the calibersize, the heat
generated during the explosion of the propellant, wall
thickness limitations, desired barrel stiffness among oth-
er critical design considerations. In some example em-
bodiments, the hybrid composite - steel barrel is fabri-
cated by forming the steel inner barrel liner and wrapping
the composite materials onto the linerto form the com-
posite outer barrel sleeve. In other embodiments, the hy-
brid composite - steel barrel is fabricated by separately
forming the composite outer barrel sleeve on a mandrel
as detailed below, and then press-fitting the completed
outer barrel sleeve onto the steel inner barrel liner.
[0046] Figures 12, 13 and 14 represent a variety of
patterns of two-dimensional profiles. These profiles
closely match the dimensions and taper rates of the inner
composite barrel tube 1 profile. By matching the outer
diameter and profile taper rates of the mandrel and the
subsequent plies that are rolled around the mandrel, it
assures that each ply is a fully concentric wrap with no
gaps and minimal ply overlaps. This provides for a uni-
form composite wall thickness (See Fig. 11) both circum-
ferentially and longitudinally which significantly reduces
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the residual stresses in the laminate after the composite
material has been fully cured. Maintaining a true 0-de-
gree longitudinal axis with the carbon fiber prepreg 26,
27, 28 and 29 and the steel filaments contained in the
metal mesh weave 9, maintains the composite barrel
tube straightness and thus accuracy of the overall weap-
on system 2. The filament winding process referenced
in the background disclosed examples cannot achieve a
0-degree fiber alignment due to the limitations of the fil-
ament winding process. At best, the filament winding
process can apply unidirectional fibers at a 5 to 8 degree
off axis orientation relative to the longitudinal (bore) axis.
In a filament wound composite rifle barrel, this limitation
translates into accuracy issues which are exacerbated
when the barrel begins to heat up due to repeated firing
events.
[0047] Additionally, Figures 12, 13 and 14 show arrows
which represent the centerline axis 21 of the composite
prepreg patterns. During the rolling process of the pat-
terns (Figures 12, 13, 14), the centerline 21 of the pattern
is rolled at the midpoint of the mandrel cross-sectional
diameter. By doing this helps ensure that the individual
fiber orientation maintains its directionality and provides
for a uniform seam joint when the trailing edge of the
pattern meets up with the leading edge (attached first)
of the pattern.
[0048] Figure 13 is a top view of example embodiment
pattern profiles of the stiffness and load carrying longitu-
dinal (bore) plies 26, 27, 28 and 29. Figures 13 and 14
do not reflect the actual number of these plies in the ex-
ample embodiment disclosed, but are examples of what
these shapes consist of. For instance, ply 26 is a full-
length ply that extends in a continuous fashion from the
breech end 6 to the muzzle end 5. Plies 27 and 28 rep-
resent shorter length plies that extend from the muzzle
end to the point at which the composite barrel tube 1
begins to increase in diameter located in the taper region
of the composite barrel tube 1. This allows the composite
barrel tube to have different wall thicknesses at the
breech end 6 and at the muzzle end 5. The carbon fiber
materials contained in these plies 26, 27, 28 and 29 can
range in stiffness and are chosen based upon desired
composite barrel tube 1 performance factors such as;
stiffness, weight, cost etc. In example embodiments, the
fibers contained within these plies 26, 27, 28 and 29 are
considered "High Modulus" PAN (polyacrylonitrile,
(C3H3N)n) based fibers with an Elastic Modulus of, for
example, between about 55 Msi and 60 Msi (million
pounds per square inch).
[0049] Figure 14 is a top view of representative pattern
shapes for both the stiffness critical plies 29 and the final
last layer plies 30 which are made up of a novel flat tow
carbon fabric weave. In example embodiments, these
layers 30 are oriented at a +/- 45-degree fiber angle which
provides for highertorsional stiffness compared to the
same material that is oriented along the 0-degree longi-
tudinal (bore) axis. This helps reduce the twisting effect
in the composite barrel tube 1 which increases the accu-

racy of the firearm and reduces the standing wave vibra-
tions that migrate through the composite/steel hybrid bar-
rel 14 when the weapon is fired.
[0050] Figure 15 is a graphical representation that
shows plots of the carbon fiber stiffness 3, the Coefficient
of Thermal Expansion (CTE) 33 with the wrap angle of
the carbon fiber relative to the longitudinal (bore) axis 32.
As mentioned earlier, the method of manufacturing with
example embodiments is whereby the material form for
both the carbon fiber 22 and the metal mesh weave 9 is
a pre-impregnated (prepreg) form whereby the polymer
resin is applied in a uniform format creating a continuous
roll at a width that contains multiple fiber tows across the
prepreg web. Unlike the filament winding process where
individual tows are wound in a helical fashion around the
mandrel and where the fiber orientation is at best 5 to 8
degrees off axis from the longitudinal axis (bore) direc-
tion. This chart demonstrates one of the inherent weak-
nesses of filament winding with respect to the Elastic
Modulus of the fiber. The X-Axis 31 located on the left-
hand side of this chart represents a graduated axis that
is the Elastic Modulus of the fiber. The Y-Axis 32 located
at the bottom of this chart shows the different wind angles
of the carbon fiber relative to the longitudinal axis (bore)
axis. The X-Axis located on the right-hand side of this
chart 33 represents the Coefficient of Thermal Expansion
as it relates to the wind angle of the carbon fiber. The
material used to create this chart is an Intermediate Mod-
ulus PAN based carbon fiberthat has been combined with
a polymeric resin and cured with a fiber volume normal-
ized to 60% fiber volume fraction. The Y-Axis 32 starts
at a 0-degree wind angle and progresses to a wind angle
of 90 degrees. The 0-degree start point is the True Lon-
gitudinal Axis (bore) of a structure or in this case the bore
direction of the rifle barrel 1. The 90-degree end point
represents the hoop direction of the wind pattern which
is transverse to the longitudinal (bore) direction.
[0051] Beginning with the plot of the Elastic Modulus
34, the starting elastic modulus (longitudinal stiffness)
with this material begins with a value of roughly 23 Msi.
As the fiber is wound at different angles, one can see
that the elastic modulus of the fiber begins to drop off
suddenly relative to the longitudinal axis 32. Detail 36
shows an exploded view of the elastic modulus plot at
the point in which filament winding would start due to the
limitations of the filament winding process. As mentioned,
the best fiber alignment possible with filament winding is
between 5 to 8 degrees off-axis. The use of unidirectional
prepregs combined with the novel techniques described
and portrayed in Figures 12, 13 and 14, allow for zero off
axis fiber alignment relative to the longitudinal axis (bore)
32. The reduction in fiber stiffness is very dramatic as is
portrayed in this chart. By having a process that inher-
ently places the carbon fiber at an off-axis position of 5
to 8 degrees, the elastic modulus of the carbon fiber com-
posite is reduced from 23 Msi down to approximately 15
Msi (33% reduction) 36. These plies are the critical plies
that control the stiffness and the straightness of the com-
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posite tubular rifle barrel tube 1. To compensate for this
reduction in stiffness, filament wound composite barrels
require additional carbon fiber material to achieve a sim-
ilar stiffness compared to using the preferred unidirec-
tional prepreg materials. The fact that the composite
structure 34 is off-axis to begin with creates an inherent
residual stress in the laminate that is prone to movement
under load which is then compounded when the resin
matrix heats up due to the explosion of the cartridge. This
creates accuracy issues with a rifle barrel in addition to
increasing the bullet impact location migration (Figure
17) associated with a barrel that is fired cold and a barrel
that is fired when it is hot. In essence, by maintaining the
carbon and steel weave filaments in a true 0-degree axis
relative to the longitudinal axis (bore), the composite bar-
rel 1 stiffness and straightness is increased and less sus-
pectable to bending and twisting when the barrel 1 is
heated due to firing. As this plot progresses to the point
where the wind angle of the fiber approaches the 90-
degree off-axis angle, the elastic modulus 34 depicted is
that of the polymer resin which has an elastic modulus
of around 3 to 5 Msi.
[0052] Turning to the plot of the CTE 35 which details
the amount the carbon fiber composite increases or de-
creases in both the X and Y dimensions as a function of
wind angle. In this case, the amount of thermal expansion
is the greatest at wind angles of 90-degrees off-axis ver-
sus the lowest and even negative when the wind angle
is at 0-degrees off axis. This is due to the fact that the
90-degree off-axis values are resin dominate properties
versus the 0-degree off-axis values which are fiberdom-
inant properties which explains the negative CTE 35.
Where these two lines 37 intersect, it shows that the CTE
is very consistent until the fiber angle reaches approxi-
mately 30 degrees relative to the longitudinal axis (bore)
32. In example embodiments, there are only three differ-
ent fiber angles utilized relative to the longitudinal axis
(bore) 32. These different angles include 0, 90 and the
outer plies at +/- 45-degree angles. Alternate embodi-
ments can have varying fiber angles otherthan the three
utilized in the disclosed primary embodiment. A signifi-
cant factor regarding the CTE 33, is that if the CTE 35
values associated with the different materials throughout
the entire composite structure (Figure 11) have a large
difference between them, it causes the different plies to
expand or contract more relative to each other and this
causes shear stresses between the plies. These shear
stresses if large enough can cause micro-cracking within
the polymer resin and lead to premature composite fail-
ure. Therefore, choosing the appropriate materials and
orienting them in a way to achieve similar CTE’s 33 be-
tween the composite layers (fig 11) is a key design con-
sideration. This is how it was determined that the opti-
mum fiber angles forthe preferred embodiment are 0, 90
and 45 degrees relative to the longitudinal axis (bore)
direction.
[0053] Figure 16 is a graphical plot of temperature pro-
files comparing a standard 100% steel rifle barrel to an

example embodiment of this new invention. The X-Axis
38 represents the measured temperature of the barrels
in degrees (F). The Y-Axis 39 is represented in minutes
of time. The rifle caliber used in this test was a 6.5 Creed-
moor round for both the bare steel barrel thermal plot 40
along with the composite/steel rifle barrel plot 42. Before
the temperature plots were measured, both rifle barrels
were fired using a 147-grain filled cartridge made by Hor-
nady whereby 20 rounds were fired within a one-minute
period. After the 20 rounds that were fired, the barrel was
allowed to cool down to ambient temperature naturally
and temperature readings were recorded every minute
39. The temperatures were recorded using a standard
type J thermocouple which were fixtured on the outside
surface of the barrels at the midpoint of the longitudinal
axis (bore) 1. The thermal plot of 41 was taken by ma-
chining a hole in a perpendicular orientation to the lon-
gitudinal axis of the hybrid composite/steel. This too was
taken at the midpoint of the barrel and the hole was drilled
down to the point at which the steel barrel was exposed.
[0054] The peak temperature reached on the all-steel
barrel 40 was 227°F with the peak temperature at the
core 41 reaching 195°F and the peak temperature on the
outer surface of the composite barrel tube 42 reaching
185°F.
[0055] Therefore, there was approximately a 40-de-
gree F differential 44 between the outer composite barrel
surface 42 compared to the outer temperature of the all-
steel barrel 40 from the peak temperatures. All three tem-
perature plots tended to follow a similar path except forthe
absolute temperature at the peak. The temperature dif-
ferential between the core temperature 41 and the outer
composite barrel 42 surface temperature was only 10
degrees F at its peak which is a clear indicator that the
heat is being conducted down through the longitudinal
axis verses migrating through the thickness of the com-
posite barrel 13. The temperature differential between
the all-steel barrel 40 and the core temperature 41 was
measured to be approximately 30 degrees F 43. This is
also a clear indicator of how well the composite barrel
structure 13 is acting as an insulator. It is worth noting
that the peak temperature on the outer surface of the
composite barrel structure 42 is well below the polymer
resin glass transition (Tg) temperature of 225F. This pre-
vents the softening of the polymer resin to the point at
which the barrel stiffness is adversely affected. If metallic
particles were to be added to the resin as is the case in
the background disclosed examples aforementioned,
then the resin would most likely heat up to the same peak
temperature of 227°F 40 and the Tg of the resin would
be exceeded which would cause significant softening of
the barrel and thusly effect the weapon’s accuracy in a
negative manner.
[0056] Figure 17 (Figures 17A, 17B, 17C and 17D, col-
lectively) are illustrations of both bullet impact groupings
38 at 100 yards and the extrapolated bullet impact group
size 45 at 1,000 yards standoff distance. Beginning with
the top view of the grouping 41 of the bullet strikes at 100
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yards with an all-steel barreled rifle chambered in .308
caliber. This test was designed to identify how much the
bullet moves between a cold barrel 41 (Fig. 17A) and a
hot barrel 44 (Fig. 17C). Starting with the first tests con-
ducted with the 100% steel barrel rifle 38, 41, the overall
group size after four shots was 1.90" in diameter meas-
ured from the center of the first hole to the hole that is
furthest away from the center of the first bullet strike. The
first bullet strike 39 was the cold bore shot and the other
three bullet strikes are represented by 40. There was no
consistent pattern to the four strikes, however the results
for the composite/steel barrel 44 showed a much different
response. The measured group size with this test was
1.27" in diameter 44 or about a 30% reduction in the
difference between the all-steel barrel group size 41 and
the hybrid composite/steel barrel 14 group size 44. In
reviewing the pattern of the next three bullet strikes 43
when the composite/steel barrel 14 was hot, the three
bullets were very tightly grouped. This indicates that once
the hybrid composite/steel barrel 14 was warming after
the first shot, that the barrel had very little movement
compared to the sporadic movement of the all-steel bar-
rel 41. These results are confirmed again contained in
the chart of Figure 18. Accuracy testing may be conduct-
ed according to standard testing protocols with the same
test parameters for each tested barrel, including for ex-
ample and without limitation: bench shooting using sand
bag supports; 100 yard range; measurement of shot
groups using digital calipers to measure the greatest out-
side diameter or dimension of shot holes of the shot hole
groups; calculations factored using minute of angle
measurements (1 MOA - 1.047" at 100 yards); shots fired
one minute between shots; same ammunition for both
barrel tests; and human or mechanical firing actuation.
[0057] The two illustrations 45 located to the right of
the grouping data test results 38, are extrapolations of
the group sizes from 100 yards out to 1,000 yards. By
taking the group sizes of the all-steel barrel 41 of 1.90
"and the composite/steel hybrid barrel 14 of 1.27" and
multiplying these group sizes by a factor of ten, the group
size for the steel barrel would increase to 19.0" in diam-
eter 46 at 1,000 yards (Fig. 17B). This does not reflect
other factors that could increase the size of the group at
1,000 yards such as: human error, windage, elevation,
barometric pressure, among otherfactors. These factors
would be the same forthe composite/steel hybrid barrel
14, however based upon the group size of 1.27" at 100
yards 44 for this preferred embodiment, the estimated
group size at 1,000 yards is 12.7" 47 (Fig. 17D) or just
over 30% smaller. This new invention represents a sub-
stantial performance improvement in accuracy, especial-
ly for long range hunters and sharp shooters.
[0058] Figure 18 is a collection charting accuracy test
results comparing this new invention to an all-steel rifle
barrel 47. For purposes of minimizing the large amount
of test data, the data set was consolidated to simply show
the rifle calibers 48, 51, and 52 along with the ammo type,
torque settings on the tensioning end cap located at the

extreme end of the muzzle and the grouping results 53.
The first row in each subcategory of the different calibers
contains the data set forthe all-steel rifle barrel 50. In
each category, an all-steel rifle barrel was fired and the
grouping results were recorded at 100 yards 49. The
standard testing protocol dictated that once the first round
was fired, then the next three subsequent rounds would
be included in the group size data. Once the all-steel
barrel group 49 was captured, that same all-steel rifle
barrel 11 was then machined down to accept the com-
posite barrel tube 12. After the composite barrel tube 13
was adhesively bonded to form a complete hybrid com-
posite/steel barrel assembly 14, the rifles were shot again
and the grouping data was captured 53.
[0059] The first set of data 48 represents the results
from a 6.5 Creedmoor caliber round. The group size for
this all-steel barrel was 1.115 ". The results of the com-
posite/steel barrel 14 had an average group size of .614"
with very little variation between the three different torque
level settings. This represents a 45% reduction in the
group size. The torque settings refer to the amount of
torsional force that is applied to the barrel (see description
below regarding installation of tensioning nut 54). In gen-
eral, and within typical application ranges, the higher the
torque setting the stiffer the barrel becomes.
[0060] The second set of data 51 represents the results
from a .308" caliber round. The group size for this all-
steel barrel was 1.138 ". The results of the compos-
ite/steel barrel 14 had an average group size of .729" with
very little variation between the three different torque lev-
el settings. This represents a 36% reduction in the group
size.
[0061] The third set of data 52 represents the results
from a .300 Winchester Magnum caliber round. The
group size for this all-steel barrel was .633". The results
of the composite/steel barrel 14 had an average group
size of .501" with very little variation between the three
different torque level settings. This represents a 21% re-
duction in the group size.
[0062] In all three of these test studies, the compos-
ite/steel hybrid barrels 14 outperformed the all-steel bar-
rels while at the same time reduced the overall weight of
the steel barrel by 50% or more. The average group sizes
were reduced with this new invention anywhere from 21%
to 45% depending on the caliber. The overall test results
also clearly show a 30 % improvement in reducing the
movement of a bullet fired in a cold barrel versus a hot
barrel. While various results and operational improve-
ments that may be achieved by example embodiments
of the invention are disclosed herein, the claimed inven-
tion is not intended to be limited by theory of operation
or limited to particular results obtained.
[0063] Figure 19 represents an isometric view of a ten-
sioning nut according to an example embodiment. The
tensioning nut 54 contains female threads 56 on the in-
side diameter which are an inverse of male threads lo-
cated at the muzzle end of the steel barrel core 12. Male
threads are located at the muzzle end of the machined
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steel barrel core 12 and can vary in pitch and depth de-
pending on the caliber and the overall rifle barrel design.
Although the practice of tensioning barrels has been
known and practiced by gunsmiths for a long period of
time, this new invention is novel in that at least the inner
diameter, and optionally both the inner diameter and out-
er diameter of the composite outer sleeve portion of the
hybrid barrel is/are tapered to generally match the exter-
nal taper of the inner steel barrel core portion of the barrel.
This allows the composite barrel portion to slide up over
the outer tapered diameter of the steel barrel core liner
and seat resulting in a self-aligning tapered fit between
both the composite outer barrel portion or sleeve and the
inner steel barrel core liner portion. This "Morse Taper"
created between the steel barrel core 12 and the com-
posite barrel tube 13 is held in compression by the use
of the tensioning nut 54 which is torqued to a level that
achieves the desired barrel straightness and stiffness. In
example embodiments, the range of torsional loading
ranges from five-foot pounds to thirty-foot pounds of tor-
sional loading depending on the caliber of the rifle, but
may be more or less in alternate embodiments. The tor-
sional loading may be applied, for example, utilizing a
tool 62 that is pressed into the receiving end of the ten-
sioning nut 54 and then turned to tighten the nut to
achieve the preferred torsional torque corresponding to
a desired tension and compression loading. In the de-
picted embodiment, the tensioning nut 54 contains four
symmetric female slots 55 in the end that accept four
symmetric male corresponding posts 59 of the tool that
fit tightly into the female slots 55. By utilizing a Morse
Taper slip fit design which is held in place by the tension-
ing nut 54, the two components of the barrel self-align
under compression resulting in improved accuracy com-
pared to traditional non-tapered tensioned composite hy-
brid rifle barrels. The tensioning nut 54 places the steel
barrel core 12 into tension and the composite slip fit barrel
tube 13 into compression creating a truly tensioned hy-
brid rifle barrel 68. In some example embodiments, the
tensioned barrel configuration may provide improved ac-
curacy relative to a standard or non-tensioned barrel. As
mentioned prior, the metal of the tensioning nut 54 in
example embodiments is Stainless Steel, however in al-
ternate embodiments other metals like, copper, alumi-
num, etc. could also be used. The taper angles can
change based upon many factors like barrel length, barrel
diameter, caliber loading, etc. In some example embod-
iments, the taper may range from about .003"/inch
to .200"/inch. Taper rates may be specified as change in
diameter per unit length in the case of a rod or tube. A
Morse taper is the mating of an internally tapered part
fitting over an externally tapered part where the taper
rates are close to identical. Once these two parts are
pressed together, it forms an airtight seal and extremely
strong interface joint. In particular embodiments, the ta-
per angle may be about 1 to 2 degrees, for example about
1.49 or 1.5 degrees, measured relative to the bore axis
(i.e., about 2 to 4 degrees, for example about 3 degrees

included angle between opposite sides).
[0064] Figure 20 is a side view of the tensioning nut 54
contained in an example embodiment. The major diam-
eter 57 of the tensioning nut 54 has an outer diameter
that is substantially the same outer diameter of the com-
posite slip fit barrel tube 13, however in some cases the
outer diameter of the tensioning nut 54 can be slightly
smaller or larger than the outer diameter of the composite
barrel tube 13 depending on what types of add on ac-
cessories are added to the muzzle end of the barrel. Spe-
cifically, items like muzzle brakes, flash suppressors,
etc., may optionally be incorporated into the tensioning
nut component. An important factor in the major diameter
57 of example embodiments of the tensioning nut 54, is
that the shoulder section should substantially cover the
end of the composite barrel tube 13 to maximize the load
transfer of the tensioning nut 54 to the hybrid compos-
ite/steel barrel assembly 68. The smaller post diameter
58 is designed to narrowly fit into the undercut of the
composite barrel tube 13 and provides for direct contact
between the exposed metallic filaments contained within
the wall thickness of the composite barrel tube 13. This
direct contact with the continuous metallic filaments 17
allows for an optimum thermal path for conduction of heat
created by the firing event. Furthermore, this post section
58 acts as a self-centering feature between the tension-
ing nut 54 and the composite slip fit barrel tube 13.
[0065] Figure 21 is an end view of the tensioning nut
54 and shows the four slots 55 that are recessed into the
tensioning nut 54. The shape of these slots 55 was dis-
covered to be an optimum or advantageous design forthe
transfer of the torsional loads from the tool 62 into the
tensioning nut 54 and had the highest overall strength
and the lowest instance of slippage by the operator in
example embodiments. In alternate embodiments, differ-
ent configurations or types of engagement features may
be utilized.
[0066] Figure 22 is a cross-sectional side view of the
tensioning nut 54 in an example embodiment. The female
threads 56 extend throughout the longitudinal length of
the tensioning nut 54 and are an inverse of the male
threads located on the steel barrel core at the muzzle
end of the barrel 12. The depth of the four slot channels
55 is preferably a minimum 0f .050" in depth and can
vary depending on the tool 62 engagement depth and
the amount of torsional loading applied to the composite
barrel tube 13. There is an intentional undercut 60 that
is machined into the tensioning nut 54 which provides for
an adhesive path and reduces the probability of point
loading the composite barrel tube 13 when the tensioning
nut 54 is torqued down to the desired torsional loads.
[0067] Figure 23 is an end view of the tensioning nut
tool 62 that is used to apply torsional loading onto the
tensioning nut 54 and thusly the entire Hybrid Barrel As-
sembly 68. The center section 61 of the tensioning nut
tool 54 is designed to accept a standard torque wrench
and can vary in size from 1/4", 3/8" or 1/2" shank size.
[0068] Figure 24 is a cross-sectional side view of the
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tensioning nut tool 62 that is used to apply torsional load-
ing onto the tensioning nut 54. The male posts 59 slide
into the receiving female slots 55 when the tool is inserted
into the tensioning nut 54 itself. The preferred material
for example embodiments of the tensioning nut is a hard-
ened tool steel with a minimum hardness level of a Rock-
well C60.
[0069] Figure 25 is an end view of a tensioning nut 54’
with an alternate four-hole configuration 63 compared to
the previously described embodiment configuration 55.
Although this design may not be as efficient as the pre-
viously described embodiment 55, it may be a lower cost
option and is more than sufficient to handle the torsional
loads of rim fired or rim-fire cartridges due to the lower
pressures and lower barrel stiffness requirements.
[0070] Figure 26 is an end view of a tensioning nut 54"
with an alternate eight-hole configuration 64 compared
to the previously described embodiment configuration
55. Although this design may not be as efficient as the
previously described embodiment 55, it has twice the
strength of option 63 and may be a lower cost option
compared to the previously described embodiment hav-
ing the slot design 55. In further alternate embodiments,
various different hole, slot, post, flat or other engagement
configurations may be utilized. In further alternate em-
bodiments, the tensioning nut may take alternate forms
or configurations to achieve one or more additional func-
tions in combination with its barrel tensioning function,
for example in the form of a muzzle brake or compensa-
tor, a flash and/or sound suppressor, sight mount, choke
tube or other features or components.
[0071] Figure 27 is a cross-sectional view of the longi-
tudinal axis of the machined down steel barrel core 12.
The surface preparation prior to bonding the carbon slip
fit barrel tube 13 is represented as 65 and are general
methods and practices of preparing the surface of the
steel barrel 12 for bonding. In example embodiments,
the process 65 includes abrading (sanding) the outer sur-
face of the steel barrel core 12 using a cleaning solvent
like acetone and an abrasive pad. A wrap of masking
tape may be placed on the exposed section of the cham-
ber end so to ensure that the polished barrel section does
not get scratched by the abrasive pad. In example em-
bodiments of the process, the barrel is rotated as the
operator hand abrades the steel barrel extending from
the step-down chamber end extending to the threads at
the muzzle end. The threads at the muzzle end are pro-
tected and not sanded during this process. Once the steel
barrel core 12 has been sufficiently abraded, it may be
completely wiped down from end to end using Acetone
or equivalent solvent and lint free wipes. Once the steel
barrel is completely cleaned it is ready forthe adhesive
application. In alternative forms, all or portions of the
process may be automated or implemented by hand.
[0072] Figure 28 is a cross-sectional view of the longi-
tudinal axis of the composite slip fit barrel tube or sleeve
13. The surface preparation priorto bonding the carbon
slip fit barrel tube 13 is represented as 66 and are general

methods and practices of preparing the internal surface
of the composite barrel 13 for bonding. In example em-
bodiments, the process 66 consists of abrading the inner
surface of the composite barrel tube 13 using a cleaning
solvent like acetone and a conical wire brush. The wire
brush end may be attached to an electric drill or other
device that rotates the wire brush as the brush is pushed
down the inside of the composite barrel tube 13. The wire
brush along with the cleaning solvent that is applied to
the inside of the composite barrel tube 13, is repeatedly
pushed down and back through the entire length of the
composite barrel tube 13 until the surface is cleaned and
free from any mold release transferred during the com-
posite barrel tube 13 fabrication. Once the composite bar-
rel tube 13 has been sufficiently abraded, it may be com-
pletely wiped down from end to end using Acetone or
equivalent solvent and lint free wipes. Once the inside of
the composite barrel tube 13 is completely cleaned and
dried it is ready for the adhesive application. In alternative
forms, all or portions of the process may be automated
or implemented by hand.
[0073] Figure 29 is an assembly view showing how the
composite barrel tube 13, is bonded to the steel barrel
core 12 by sliding the hollow composite tubular barrel or
sleeve 13 over the steel barrel core after the adhesive is
applied. This process 67 begins with both the steel barrel
core 12 and the composite barrel tube 13 being properly
abraded and cleaned prior to bonding. Once properly pre-
pared, the adhesive is applied to the barrel. In the pre-
ferred embodiment, a two-part epoxy adhesive resin is
used to bond the two parts together. The two-part adhe-
sive yields excellent thermal conductivity while at the
same time providing excellent shear strength and tough-
ness necessary to handle the shock loads associated
with the firing event. Other types of adhesives, including
film adhesives, one part heat activated adhesives, induc-
tion curing adhesives, etc. can also be utilized apart from
the preferred methodology of using a two-part epoxy ad-
hesive. If necessary to aid in centering the composite
barrel tube 13 to the steel barrel core 12, glass beads
can be added to the epoxy to help in maintaining a uniform
adhesive bondline thickness. Once the assembly is pre-
pared for bonding, the adhesive is applied to the entire
length of the bonding area located on the steel barrel
core 12. After ensuring 100% coverage of the adhesive
on the steel barrel core 12, the composite barrel tube 13
is pressed onto the steel barrel core 12, for example, by
rotating the composite barrel tube 13 in a clockwise fash-
ion around the steel barrel core 12 until the composite
barrel tube 13 is flush with the shoulder located on the
steel barrel core 12 at the chamber end of the barrel
assembly 68. Once the composite barrel 13 is flush with
shoulder of the steel barrel core 12, it is ready for the
tensioning nut 54 to be installed prior to the adhesive
setting and curing.
[0074] Figure 30 is an assembly view of an example
process of installation of the tensioning nut 54 onto the
combined composite and steel barrel sections 14. This
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process involves threading on the tensioning nut 54 onto
the threads of the steel barrel core 12 which extend be-
yond the length of the composite barrel tube 13. This
process takes place shortly after the composite barrel
tube 13 is pressed onto the steel barrel core 12 and is
fully seated against the shoulder of the steel barrel core
12. The tensioning nut 54 is rotated onto the threads in
a clockwise fashion and tightened by hand until the ten-
sion nut 54 seats squarely on the end of the composite
barrel tube. Once hand tight, the operator then inserts
the tensioning nuttool 62 into the end of the tensioning
nut 54 and begin to tighten the tensioning nut 54 to the
desired torque level setting. This process is performed
while the epoxy adhesive is still in an uncured liquid
phase and allows the barrel to cure under load. In alter-
native forms, all or portions of the process may be auto-
mated or implemented by hand.
[0075] Figure 31 is a cross-sectional side view of the
finished Hybrid composite/steel barrel 68 after the entire
assembly has been bonded and cleaned. In example em-
bodiments there are no threads extending from the end
of the finished Hybrid Barrel 68 that are visible. The com-
plete barrel assembly can be placed into an oven and
cured for a period of 30 minutes at a temperature of about
185 degrees F which will accelerate the curing of the
epoxy resin so that the entire barrel assembly can be
assembled into the stock once the barrel has cooled to
room temperature.
[0076] Figure 32 is a cross-sectional view of a closeup
of the tensioning nut 54 and the composite barrel tube
13 interface. Once the tensioning nut 54 is torqued to the
desired level and the epoxy adhesive is fully cured, the
Hybrid Barrel 68 along with the tensioning nut 54 are
locked into position and are permanent. This drawing
shows that the stainless-steel continuous filaments 8 run
through the entire length of the composite barrel tube 13
and make direct, thermally conductive contact with the
flat surface of the tensioning nut 54 providing a superior
conduction pathway for heat transfer and dissipation 69.
In example embodiments, the metal mesh weave of the
reinforcing layer 9 transfers and distributes heat gener-
ated by firing ammunition substantially uniformly along
the length of the barrel 14 and throughout the overall
body material of the barrel. The even heat distribution
thus provided may assist in maintaining rigidity and
straightness of the barrel, and thereby provide improved
accuracy. Thermally conductive contact between the
metal mesh weave of the reinforcing layer 9 and the ten-
sioning nut 54 allows further heat transfer from the mesh
weave to the metal body of the tensioning nut, whereby
the tensioning nut serves as a heat sink to remove heat
from the barrel and/or as a radiator to discharge heat to
the ambient surroundings.
[0077] In various aspects and example embodiments,
the invention includes the following features and advan-
tages, individually and/or in any combination(s) thereof:

Example 1: A hybrid composite/steel bolt action rifle

comprising: a steel rifled barrel linerthat has been
machined down from its original geometry to a re-
duced weight in order to accept a composite tubular
barrel which is installed over the lightweight steel
barrel liner and adhesively bonded to form a com-
plete rigid hybrid rifle barrel; wherein said composite
tubular barrel extends from the breech end of the
barrel extending to the muzzle end of the barrel com-
prising a novel continuous metallic woven material
that conducts heat created by the explosion of a rifle
cartridge from the steel portion of the hybrid rifle bar-
rel and directs the heat towards the muzzle end of
the barrel; and wherein said composite tubular barrel
channels the heat from the breech end to the muzzle
end and thusly reduces the amount of heat that is
conducted into the non-metallic reinforced section
located outside of the metallic weave section, and
reduces the heat of the overall barrel which improves
the accuracy of the rifle and keeps the hybrid barrel
from overheating.

Example 2: The composite rifle barrel tube of Exam-
ple 1 wherein, the sheet of metal mesh comprises
at least one of stainless steel, steel, aluminum,
brass, titanium, nickel, silver, and nitinol.

Example 3: The composite rifle barrel tube of Exam-
ple 1 wherein, the metallic filaments extend in a con-
tinuous fashion from the breech end to the muzzle
end.

Example 4: The composite rifle barrel tube of Exam-
ple 1 wherein, the number of layers of metal weave
are dependent on the amount of heat generated due
to the explosion of the propellant contained with the
cartridge of the round.

Example 5: The composite rifle barrel tube of Exam-
ple 1 wherein, the sheet of metal mesh comprises
wire having a diameter less than 0.010 inches.

Example 6: The composite rifle barrel tube of Exam-
ple 1 wherein, the sheet of metal mesh comprises
wire having a diameter from 0.001 inches to 0.010
inches.

Example 7: The composite rifle barrel tube of Exam-
ple 1, wherein the sheet of metal mesh is woven.

Example 8: The composite rifle barrel tube of Exam-
ple 1, wherein the sheet of metal mesh is knitted.

Example 9: The composite rifle barrel tube of Exam-
ple 1, wherein the sheet of metal mesh is an alloy.

Example 10: The composite rifle barrel tube of Ex-
ample 1, wherein the polymeric resin is a standard
curing epoxy resin at 300°F which contains no me-

29 30 



EP 4 047 300 A1

17

5

10

15

20

25

30

35

40

45

50

55

tallic filler to achieve substantial thermal transfer of
heat from the breech end of the rifle barrel extending
to the muzzle end.

Example 11: A method of manufacturing a composite
rifle barrel tube, comprising:

wrapping a plurality of non-isotropic composite
layers around a mandrel; and

wrapping one or more reinforcing layers around
at least one of the pluralities of non-isotropic lay-
ers;

wherein the reinforcing layer(s) comprise a com-
bination of woven metal mesh spanning the cir-
cumferential and longitudinal axis of the com-
posite rifle barrel; and

wherein the metal mesh has at least a weft wire
count of a minimum of 80 (and in particular em-
bodiments a minimum of 10) metal filaments per
square inch and a warp wire count of a minimum
of 80 (and in particular embodiments a minimum
of 50) metal filaments per square inch.

Example 12: The method of Example 11, wherein
the metal mesh layers in conjunction with the addi-
tional composite layers are attached to the steel
tool(mandrel) so that the center of each of the com-
posite plies are rolled on the centerline axis of the
bore, thusly eliminating off axis plies and reducing
the barrel twist associated with off axis plies due to
a filament winding process.

Example 13: The method of Example 11, wherein
the woven metal mesh is annealed.

Example 14: The method of Example 11, wherein
the woven metal mesh is impregnated with a poly-
meric resin that is not filled with metallic particles to
increase the resins thermal conductivity.

Example 15: The method of Example 11, wherein
the woven metal mesh has a plain weave, Dutch
weave, Heddle weave, or a 5-harness satin weave.

Example 16: The method of Example 11, wherein
there is a plurality of non-isotropic layers comprised
of at least one of carbon fiber uni-directional prepreg
tape and one of metal mesh woven prepreg. The uni-
directional carbon fiber prepreg can consist of both
Pan based carbon fiber and Pitch Based Carbon fib-
er with an elastic modulus range from 33 Msi up to
120 Msi.

Example 17: The method of Example 11, wherein
the metal mesh is oriented in the composite rifle bar-

rel tube at a zero- and ninety-degree wire orientation,
where the zero-degree metal wires are in line with
the longitudinal axis of the composite barrel tube,
and the ninety-degree wires are oriented transverse
to the longitudinal axis.

Example 18: The method of Example 11, wherein
the plurality of composite layers are staggered during
the rolling process where every plies starting point
on the steel mandrel is rolled in a clockwise fashion
with start points in increments of 90 degrees circum-
ferentially.

Example 19: The method of Example 11, wherein
the finished hollow composite barrel tube is adhe-
sively bonded to the steel rifle barrel liner using a
thermally conductive epoxy resin that does not ex-
ceed a bondline thickness of .005" inches.

Example 20: The method of Example 11, wherein
the finished bonded complete hybrid rifle barrel is
bonded in place utilizing a tensioning end cap nut
that is threaded onto the threads protruding beyond
the end of the composite barrel tube end. The ten-
sioning nut is then set to a pre-determined torque
setting.

Example 21: The method of Example 11, wherein
the outer layers of the composite barrel tube consist
of a carbon fiber weave that is oriented at a +/- 45-
degree fiber angle relative to the longitudinal axis of
the composite barrel tube which reduces the barrel
twist (torsional deflection).

Example 22: The method of Example 17, wherein
the combination of the stiffness critical longitudinal
carbon fiber plies are rolled in a longitudinal direction
with no off-axis fibers, along with the metal mesh
weave limiting the transfer of heat into these stiffness
critical plies that have a large impact on the rifle barrel
accuracy, the resulting hybrid composite/steel rifle
barrel significantly reduces the bullet migration
movement between a cold barrel and a hot barrel.

Example 23: The method of Example 17, wherein
the metal mesh plies are separated with carbon fiber
plies that are oriented in the direction transverse to
the longitudinal axis thusly providing a thermally in-
sulative layer around each layer of the metal mesh
weave which increases the thermal transfer rate of
the metal mesh ply from the breech end of the rifle
barrel to the muzzle end of the rifle barrel.

Example 24: The method of Example 17, wherein
the carbon fiber layer that is interleafed between the
metal mesh weave is approximately the same ply
thickness of the metal mesh weave.
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Example 25: A barrel for a firearm, the barrel com-
prising:

an inner steel barrel liner; and

an outer composite tubular barrel sheath in-
stalled over the inner steel barrel liner and ad-
hesively bonded thereto.

Example 26: The barrel of Example 25, wherein the
firearm comprises a firearm format selected from a
rifle, a handgun, and a shotgun.

Example 27: The barrel of Example 26, wherein the
firearm comprises an action selected from a bolt ac-
tion, a semi-automatic action, an automatic action,
a pump action, a lever action, a break action, and a
falling block action.

Example 28: The barrel of Example 25, wherein the
outer composite tubular barrel sheath comprises at
least one sheet of metal mesh material, and at least
one layer of carbon fiber weave material.

Example 29: The barrel of Example 28, wherein the
metal mesh material comprises a plurality of metallic
strands or filaments oriented at a +/- 45-degree fiber
angle relative to a longitudinal axis of the barrel.

Example 30: The barrel of Example 28, wherein, the
sheet of metal mesh comprises at least one of stain-
less steel, steel, aluminum, brass, titanium, nickel,
silver, nitinol, and combinations or alloys thereof.

Example 31: The barrel of Example 28, wherein the
metallic filaments extend in substantially continuous-
ly from a breech end of the barrel to a muzzle end
of the barrel.

Example 32: The barrel of Example 28, wherein the
sheet of metal mesh material is woven.

Example 33: The barrel of Example 28, wherein the
sheet of metal mesh material is knitted.

Example 34: The barrel of Example 28, wherein the
sheet of metal mesh material is impregnated with a
polymeric resin that does not contain metallic parti-
cles.

Example 35: The barrel of Example 28, wherein the
outer composite tubular barrel sheath is adhesively
bonded to the inner steel rifle barrel liner using a
thermally conductive epoxy resin.

Example 36: The composite rifle barrel tube of Ex-
ample 1 wherein, the inner diameter and the outer
diameters of the composite rifle barrel tube consist

of both parallel and tapered sections.

Example 37: The steel barrel core of Example 1
wherein, the outer diameter consists of both parallel
and tapered sections.

Example 38: Wherein the internal diameters and ta-
per rate profile of the composite barrel tube and the
outerdiameters and taper rate profile of the steel bar-
rel core of Example 37 are identical except for the
thickness of the adhesive bondline.

Example 39: Wherein the mating of the tapered steel
barrel core and the composite barrel tube of Example
38, creates a "Morse Taper" lock between the two
parts thus improving the alignment and straightness
between the two parts thusly increasing the barrel
accuracy.

Example 40: The Hybrid Barrel assembly of Example
1 wherein, a tensioning nut is threaded onto the end
of the steel barrel core threaded end and tightened
down onto the composite Barrel tube placing the
steel barrel core in tension and the composite barrel
tube in compression resulting in a tunable barrel stiff-
ness.

Example 41: The tensioning nut of Example 40
wherein, the metal of the tensioning nut comprises
at least one of: stainless steel, aluminum, copper,
nickel and silver.

Example 42: The tensioning nut of Example 40
wherein, the design of the nut seats into an undercut
machined into the composite barrel tube located at
the muzzle end of the tube which exposes the ends
of the continuous stainless-steel filaments. These
ends make direct perpendicular contact with the flat
face of the tension nut providing a highly efficient
thermal transfer connection.

Example 43: The tensioning nut of Example 40
wherein, the design of the nut seats into an undercut
machined into the composite barrel tube located at
the muzzle end of the tube which provides for a
centering device between the steel barrel core and
the composite barrel tube.

Example 44: The tensioning nut of Example 40
wherein, the tool attachment connection points be-
tween the tension nut itself and the tension nut tool
have a matching male/female interface which pro-
vides for excellent torsional transfer from the tool to
the tension nut.

Example 45: The tensioning nut of Example 40
wherein, the preferred embodiment consists of four
symmetric slots instead of holes to effectively trans-
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fer the torsional loads with minimal slippage.

Example 46: A method of assembly for attaching the
composite barrel tube to the steel barrel core utilizing
a two-part epoxy resin in conjunction with the ten-
sioning nut.

Example 47: The method of Example 46 wherein,
the adhesive used to bond the outer composite barrel
tube and the steel inner barrel core can consist of a
variety of adhesives including: film adhesives, one
part heat activated adhesives, cyano-acrylate adhe-
sives, etc.

Example 48: The method of Example 46 wherein the
torsional loads applied by tightening or loosening the
tensioning nut during the curing period of the adhe-
sive can change the barrel straightness and can be
tuned to yield highly straight barrels that don’t
change in straightness once the adhesive is fully
cured.

[0078] While the invention has been described with ref-
erence to example embodiments, it will be understood
by those skilled in the art that a variety of modifications,
additions and deletions are within the scope of the inven-
tion, as defined by the following claims.

Claims

1. A barrel for a firearm, the barrel comprising:

a steel inner barrel liner; and
a composite outer barrel sleeve comprising me-
tallic fibers and non-metallic fibers;
wherein the composite outer barrel sleeve is en-
gaged around the steel inner barrel liner.

2. A method of manufacturing a firearm barrel, the
method comprising applying a composite outer bar-
rel sleeve comprising metallic fibers and non-metal-
lic fibers in engagement around a steel inner barrel
liner.

3. The barrel of Claim 1 or the method of claim 2, where-
in the steel inner barrel liner comprises a rifled inter-
nal bore.

4. The barrel or method of any one of the preceding
claims, wherein the barrel defines a length extending
in a lengthwise direction from a breech end to a muz-
zle end, and wherein at least a portion of the metallic
fibers extend along substantially the entire length of
the barrel to conduct and dissipate heat in the length-
wise direction.

5. The barrel or method of any one of the preceding

claims, wherein the metallic fibers comprise a woven
metal mesh material.

6. The barrel or method of Claim 5, wherein the metal
mesh material has a weft wire count of at least 80
metallic fibers per square inch and a warp wire count
of at least 80 metallic fibers per square inch.

7. The barrel or method of Claim 5 or 6, wherein the
metal mesh material is oriented in the barrel at a
zero-degree and ninety-degree fiber orientation,
wherein zero-degree fibers of the metal mesh mate-
rial are generally aligned with a longitudinal bore axis
of the barrel and ninety-degree fibers of the metal
mesh material are aligned generally transverse to
the longitudinal bore axis of the barrel.

8. The barrel or method of any one of the preceding
claims, wherein the metallic fibers comprise at least
one of stainless steel, steel, aluminum, brass, titani-
um, nickel, silver, and/or nitinol.

9. The barrel or method of any one of the preceding
claims, wherein the non-metallic fibers of the com-
posite outer barrel sleeve at least partially comprise
carbon fibers, and optionally:
wherein the carbon fibers at least partially comprise
one or more of polyacrylonitrile-based carbon fibers,
a carbon fiber uni-directional prepreg tape and a car-
bon fiber weave mesh material.

10. The barrel or method of any one of the preceding
claims, wherein the composite outer barrel sleeve
further comprises a polymeric resin encapsulating
at least a portion of the non-metallic fibers, and op-
tionally:
wherein the polymeric resin does not contain metallic
particles.

11. The barrel or method of any one of the preceding
claims, wherein the composite outer barrel sleeve
comprises a plurality of layers staggered with each
layer’s starting point offset in increments of about 90
degrees circumferentially from an adjacent layer.

12. The barrel or method of any one of the preceding
claims, wherein the outer barrel sleeve is adhesively
bonded to the inner barrel liner using a thermally
conductive epoxy resin.

13. The barrel or method of any one of the preceding
claims, wherein the inner barrel liner has an external
taper from a larger breech end dimension to a smaller
muzzle end dimension, and wherein the outer barrel
sleeve has an internal taper configured to generally
match the external taper of the inner barrel liner and
fit in close engagement therewith when assembled.
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14. The barrel or method of Claim 13, wherein the inner
barrel liner comprises a first thread profile at a muzzle
end thereof, and wherein the barrel further compris-
es a tensioning nut having a second thread profile
configured for cooperative engagement with the first
thread profile, to engage the outer barrel sleeve onto
the inner barrel liner; and, optionally:
wherein the tensioning nut is tightened during as-
sembly of the barrel to place the inner barrel liner in
tension and the outer barrel sleeve in compression.

15. A firearm comprising the barrel of any one of the
preceding claims in combination with a stock portion,
the firearm being configured as a rifle, a shotgun, or
a handgun.
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