- Weapon and cooling systemfor a weapon The present
invention relates to a cooling systemfor a weapon
with a fastening end which can be coupled to a weapon
conponent in the cartridge chanber region of a weapon
barrel or weapon tube, and a weapon. Specifications
such as: in font, at the back, above, left, and right,
relate to a weapon that is held in the firing
position by a rifleman and are specified with respect
to this view The notion ?arrel as well as weapon
barrel does not only conprise barrels with grooves
and lands in the foll ow ng, but also snoboth weapon
tubes. In the case of assault rifles the barrel is
usual |y fi xedWMpprereandsophingsyg@neioak Wgape a uni on  nut
desi gned barrel nut to a housing conponent, in the
breech housing itself, or to a so- called | ocking
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uncontrol l'ed nBnner and shots are fired

unintentionally. One part of this problemis, for
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called locking member. Such a barrel nut is, for example, known from DE 1 129 401. In
the case of automatic weapons the barrel heats up considerably, in particular, during
firing rounds. For higher firing frequency this high thermal load leads to that, in
particular, the cartridge chamber and the barrel itself are heated very considerably.
Because of this the geometry of the barrel changes; it expands in the longitudinal and the
transverse direction. Hot components also detericrate also the handling and functioning
of the weapon. It can even lead to the so-called "cooking off" of the ammunition. The
cartridges that are in the cartnidge chamber are thereby supplied with so much energy that
the propelling charge ignites in an uncontrolled manner and shots are fired

uninientionally.

One part of this problem is, for example, solved by that a metal sleeve is provided that
surrounds the barre! and which 1s approximately fastened in the region of the cartridge

chamber and on the side of the muzzle



.e.g., on the holder of the front sight. Such a sl eeve
shi el ds the surroundi ng hand guard fromthe heat
emtted by the barrel. In addition, an air chanber
bet ween the sl eeve and the weapon barrel insulates
the sleeve itself fromthe heat that is emtted by the
barrel. QOpenings arranged in the sleeve and, if
necessary, in the hand guard can produce a convective
heat exchange that |eads to additional cooling off.
Such an arrangenent is also, known fromDE 1 129 401.
Since the sleeve, however, +s supported on the barre
nut and on the front sight hol der, and thereby the
barrel itself, the thermal changes of the barrel and
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contributes to the barrel fastening. This task is
sol ved by the cooling systemaccording to claiml1. In
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The task of the present invention consists in guaranteeing a heat shielding that can be
coupled to the weapon, without deterlorating the shooting accuracy, and that at the same

time contributes to the barrel fastening.

This task is solved by the cooling system according to claim 1. In addition, at the
fastening end of the cooling system a heat insulating sleeve, extending in the direction of
the barrel as well as the sleeve muzzle, starts, which surrounds the barrel without
touching, so that between the weapon barrel and the heat insulating sleeve an empty
space 1s formed on the side of the muzzle. The barrel extends thus freely straight through
the heat Insulating sleeve. As a resuit, the geometrical changes of the barrel as wel! as
changes between the barrel and the heat insulating sleeve have no effect on the shooting

accuracy. Because the empty space is, on the side of the muzzle,



changes between the barrel and the heat insulating

sl eeve have no effect on the shooting accuracy.
Because the enpty space is, on the side of the nuzzle,
3 constructed open, an air exchange can take place in
the enpty space and a convective cooling of the
barrel and the heat insulating sleeve is favored. At
the sane tine, the heat insulating sleeve shields the
barrel and prevents an excessive heat | oad of a hand
guard that surrounds the heat insulating sleeve and
barrel. The fastening end éf the cooling systemis
desi gned as barrel nut and connects the barrel with

t he weapon or with a weapon housi ng conponent, e.g.,
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thermal functions (shielding, abducting). For weight
loceldmgiodiierentdhén heateei neul tetavaged loggmgecatenbe made al so,

for exanple, froma lighter material than the

fastening of the cooling system which, e.g., is made
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coollng systen1can al’'so be désigned in one piece Wwth
coglhg shigan 1isplSyiddihiihglso from the region of the cartridge chamber. An
embodiment with different materials can take into account different requirements on the
firmness as well as the heat conductivity. Thus, the fastening end of the cooling system is
a mechanically loaded component, whereas in certain embodiments the heat insulating
sleeve takes over first of ali thenmal functions (shielding, abducting). For weight reasons,
the heat insulating sleeve can be made also, for example, from a lighter material than the
fastening of the cooling system, which, e.g., is made from steel {claim 4). According to
claim 5, the cooling system can also be designed in one piece with the heat insulating
sleeve, either by mechanical or other suitable treatment of a corresponding semi-finished
product (e.g., a sleeve) or also by welding the heat insulating sleeve and fastening end,

and a subseguent processing of the complete cooling system.



- sl eeve, either by nechanical or other suitable
treatnent of a correspondi ng sem -finished product
(e.g., a sleeve) or also by welding the heat
i nsul ating sl eeve and fastening end, and a.
subsequent processing of the conplete cooling system

4 The according to claim6 provided openings in the
heat insulating sleeve can increase and inprove the
convection in the enpty space between the heat

insul ating sleeve and the weapon barrel. In order to
i nprove the heat enission of the heat insulating
sleeve, its surface can, according to claim7, be
i ncreased by appropriate elenments. To these bel ong,
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i nsul ati ng sl eeve can be surrounded by a hand guard,

mpereby for a weapon according to claim 14 an
Claims 10-11 concern preferred geometrical properties of the heat insulating sleeve with

respect to the barrel.

Claims 12-15 concern weapons with a cooling system according to the invention in
which advantageous interfaces between the cooling system and other components of the
corresponding weapon are chosen. Thus, according to claim 13 the heat insulating sleeve
can be surrounded by a hand guard, whereby for a weapon according to claim 14 an
insulation layer can be provided between the outside of the heat insulating sleeve and a
hand guard. This insulation layer can be constructed from an air cover and/or an air layer;
however, it can also be provided as an insulation layer from a suitable insnlating material.
Advantageously designed contact surfaces can be constructed 1n the heat transfer region
between the weapon barre] and the weapon component that accommodates the weapon

barrel as well ag in the heat transfer region between



i nsul ation | ayer can be provi ded between the outside
of the heat insulating sleeve and a hand guard. This
i nsul ation | ayer can be constructed froman air cover
and/or an air |ayer; however, it can also be provided
as an insulation layer froma suitable insulating
material. Advantageously desi gned contact surfaces
can be constructed in the heat transfer region
bet ween t he weapon barrel and the weapon conponent
that accommodates the weapon barrel as well as in the
heat transfer regi on between the weapon conponent and
the cooling system These pronote the heat transfer
between the respective conponents (claim15).
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i nsul ating sleeve end (on the side of the nuzzle).

Fig. 4 shows a longitudinal section (simlar to that
Fipfl fig. dowshriongjtdmal seohion through a front weapon section with a

cooling system according to the invention,

Fig. 2 shows a measurement report of the temperature variation for different
barrel nut variants at 2 measurement location that lies in the region of the

fastening end,

Fig. 3 shows the temperature variation for the barrel nut vananis from fig. 2 at a
measurement location that lies in the vicinity of the heat insulating sleeve

end (on the side of the muzzle).

Fig. 4 shows a longitudinal section {similar to that of fig. 1) through a front
weapon section with an alternative cooling system according to the

invention, and

Fig. 5 shows a longitudinal section through a front weapon section with another

cooling system.

Fig. 1 shows the front side of a weapon 1, in which the barrel 2 15 fixed by means of a

cooling system 4 in the locking member 6.



.weapon section with an alternative cooling system

according to the invention, and Fig. 5 shows a

| ongi tudi nal section through a front weapon section

with another cooling system Fig. 1 shows the front

side of a weapon 1, in which the barrel 2 is fixed by

nmeans of a cooling system4 in the | ocking nenber 6.

6 The | ocking nmenber 6 is thereby shaped in a

synthetic material housing 8 and provided wth ribs

for better anchoring. At the front end of the barrel 2

a nuzzle flash danper 12 and a gas renover 14 are
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that” still has an easy to handle outer dianmeter. The
di st ance can be 2-10 nun for a caliber of 5.56 nm and

a . .
A e shaped sleeve structure, the so-called heat insulating sleeve 30, extends from the

front end of the fastening end 26 of the barrel nut 4.

The heat insulating sleeve 30 surrounds the barrel 4 at such a distance that around the
heat insulating sleeve 30 a hand puard {not shown) can be arranged that still has an easy
to handle outer diameter. The distance can be 2-10 mm for a caliber of 5.56 mm and an
outer barrel diameter of ca. 16-18. As a result an empty space 36, that surrounds the
barrel 2 in the shape of a cuff, extends between the inside 32 of the heat insulating sleeve
30 and the outside 34 of the harrel 2. This empty space 36 that is open in the front allows
the exchange of the air in it with the environment. This air exchange can be increased by
additional, not represented, openings in the heat insulating sleeve 30. If these openings

are, Tor example, arranged in the transition region between the heat insulating sleeve and



-outer barrel dianeter of ca. 16-18. As a result an
enpty space 36, that surrounds the barrel 2 in the
shape of a cuff, extends between the inside 32 of the
heat insulating sleeve 30 and the outside 34 of the
barrel 2. This enpty space 36 that is open in the
front allows the exchange of the air init with the

~-enviroment. This air exchange can be increased by
addi tional, not represented, openings in the heat
i nsul ating sleeve 30. If these openings are, for
exanpl e, arranged in the transition regi on between the
heat insulating sleeve and 7 the fastening 26, then
as a result the air circulation and/or convection can
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i nprove the heat em ssion. This can be (not
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cooperation with the specified sleeve distance has
proven to be effective for the barrel in the
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example. A wall thickness of about 1-2 mm is particularly favorable.

The fastening end 26 and the heat insulating sieeve 30 form here integrally the cooling
system 4. It is made from a steel material that is suited o accommodate the high required
mechanical stress for the fastening of the barrel. In other embodiments the heat insulating
sleeve 30 is made from ancther material (e.g., a metal material with other thermal
properties); both the heat insulating sleeve 30 and the fastening end 26 components can

then, for example, be welded together. However, also other materials such as, e.g.,

aluminum,



system 4. It is nmade froma steel material that is
suited to acconmopdate the high required nechanica
stress for the fastening of the barrel. In other
enbodi nents the heat insulating sleeve 30 is nmade
fromanother material (e.g., a netal material wth
other thermal properties); both the heat insulating
sl eeve 30 and the fastening end 26 conponents can
then, for exanple, be wel ded together. However, also
ot her materials such as, e.g., alumnum 8 copper,
or titanium can be used for®the heat insulating sleeve
30, which then is attached to the fastening 26 in
anot her appropriate manner (screw ng, shrinking, -
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of prsesanid mewbialdi ment  exanple, are designed as spline
profiles 40 that rest against each other at their
front and/or side surfaces. Between the | ocking
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effgotavdlnbihe hedlhmme ischreee wirg bighndsodh the obsge ignition - contact surfaces
that promote the heat transfer can be constructed that, in the present embodiment
example, are designed as spline profiles 40 that rest against each other at their front
and/or side surfaces. Between the locking member 6 and the barrel nut 4 also a large heat
transfer surface, in the form of the threading 28, is available. There are also embodiments

in which the thermal conductivity as well as the heat transfer between these elements is

improved by means of additional measures (thermally conducting pastes or the like).

The effectiveness in connection with the preceding embodiment example desecribed
measures was determined on the basis of test series whose results are surmmarized in fig,
1 and 3. Hereto a temperature sensor was placed on the outside of the housing al the
location that is denoted by MS! in fig. 1 and an additional one was arranged in the front

region of a hand guard that surrounds the heat insulating sleeve 30



in which the thermal conductivity as well as the heat
transfer between these elenents is inproved by neans
of additional neasures (thermally conducting pastes or
the like). The effectiveness in connection with the
precedi ng enbodi nent exanpl e descri bed neasures was
determ ned on the basis of test series whose results
are summarized in fig. 1 and 3. Hereto a tenperature
sensor was placed on the outside of the housing at die
| ocation that is denoted by M51 in fig. 1 and an
addi tional one was arranged in the font region of a
hand guard that surrounds the heat insulating sleeve

. 30 9 (infig. I denoted by M52). The curves show the
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practice only of the fastening end 26 that is
constructed as a barrel nut. (2) concerns a cooling
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fastening end 26. (3) concerns a cooling system4 in

. whi ch the fastening end 26 and_the heat_ insulating
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f astnanihadasemihe2mdand t he heat insulating sleeve 30
are fabricated fromsteel, the heat insulating sleeve
30 has thereby a wall thickness of 1.5 nun. (5)
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(4)  concerns a cooling system 4 in which the fastening end 26 and the heat insulating
sleeve 30 are fabricated from steel, the heat insulating sleeve 30 has thereby a

- wall thickness of 1.5 mm.

(5) concerns a cooling system 4 in which the fastening end 26 and the heat insulating
sleeve 30 are munufactured from steel. The heal insulating sleeve 30 has a wall

thickness of 3 mm and is on the outside provided with a 0.5 mm thick ceramic

coating.

{(6)  concerns a cooling system 4 that is completely manufactured from titanium,

whereby the heat insulaling sleeve 30 has a wall thickness of 3 mm.

In the measurement sefes always eight magazines with NATO standard ammunition of
caliber 5.56 (ca. 240 rounds) were fired at rcom temperature in a time span of

approximately 60-80 sec.



~coating. (6) concerns a cooling system4 that is
conpletely manufactured fromtitanium whereby the
heat insulating sleeve 30 has a wall thickness of 3
nm In the neasurenent series always ei ght magazi nes
wi th NATO standard. ammunition of caliber 5.56 (ca.
240 rounds) were fired at roomtenperature in a tine
span of approximately 60-50 sec. 10 The tenperature
variation in tinme were thereby recorded for booth
measurenent | ocations 1N b and M52. In particular,
it turned out that, for the“nmeasurenent |ocation M 1
arranged in the region of the fastening end 26 of the
barrel nut 4, the enbodiment (4) exhibits in this
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a cooling system4 wth heat insulating sleeve 30
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Wth respect to the ot her enbodi nents was

Wl%%@r%léﬂtmgﬁ@evm%w@mh@ﬁoélrﬁba‘danﬁ:@m exanpl e of the
cooling system4 in which the thermal coupling to the
cartridge chanber end 18 takes place by neans of a
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s cartridge chanmber 18 into a | ock menb
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ed I'n ousin by neans of an
i nt ernal coIIar 24 to the fastening 26 that engages

.a Fxternal col lar 22 of the barrel 2. A thread 28 on
Fig gé 1@\3&@@@%1@% ezgnple of the cooling system 4 in which the thermal

coupling to the cartridge chamber end 18 takes place by means of a thermally conducting

housing &'

The barrel 2 sticks with its cartridge chamber 18 into a locking member 6 that is arranged
n the housing §' in the embodiment according to fig. 4. The barrel 2 and the locking
member 6 are fastened in the housing 8' by means of an intemal collar 24 to the fastening
26 that engages an external collar 22 of the barrel 2. A thread 28 on the fastening end 26
is thereby screwed onto a corresponding coupling support on the housing 8. The heat
transfer in the cooling system 4 takes place from the inside to the outside radially,
through the cartridge chamber end 18' via the Jocking member 6, through the housing &'
in the fastening end 26 of the cocling system 4, from where the heat is carried off axially

towards the front by the heat insulating sieeve 30.

The thermal coupling and the barrel fastening are functionally separated in the
embodiment realization represented in fig. 5. The cartridge chamber 18 of the barrel 2 is

here fastened by means of a barrel nut 40 in the housing 8'. In this embodiment a



is thereby screwed onto a correspondi ng coupling
support on the housing 8 . The heat transfer in the
cool ing system 4 takes place fromthe inside to the
outside radially, through the cartridge chanber end
18" via the |ocking nenber 6, through the housing 8
in the fastening end 26 of the cooling system4, from
where the heat is carried off axially towards the
front by the heat insulating sleeve 30. The thernma
coupling and the barrel fa gening are functionally
separated in the enbodine realization represented
in fig. 5. The cartridge chanber 18 of the barrel 2 is
here fastened by nmeans of a barrel nut 40 in the
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d from there radially outwards via the thread 28 in
ﬂ“ﬁ%ﬂf%ﬁ%ﬁ%ﬂ% Ftowags therlepnt gohs Hept spralasing aleeveafd
fromthere further axially towards the front in the
heat insulating sleeve 30. The cooling system4 is
Thpealing exstan ¢ is provided it multifle neispesgect © wacbhotdatentrically
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can be g;ovjded, in particular in the connection
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1ol er L.nprove the convection,in .the.air-fil
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hedt irssuladihg fgevek 80 ¢ @8bSEinnddied to each other at the front end by means of
ridges as well as spacers for stabilization. Such a cooling system 4 improves the shielding
of a hand guard that surrounds the outermost heat insulating sleeve 30 against the heal
emitted by the barrel 2. At the same time, multiple heat insulating sleeves improve the
heat transport from the cartridge chamber region into the direction of the weapon muzzie

due to the increased thermal conduction.

Additional alternative embodiments and variants follow for the expert from the following

patent claims.



heat insulating sleeves 30 can be connected to each
other at the front end by neans of ridges as well as
spacers for stabilization. Such a cooling system 4

i nproves the shielding of a hand guard that surrounds
t he outernost heat insulating sleeve 30 against the
heat emtted by the barrel 2. At the sane tine,
mul ti pl e heat insulating sleeves inprove the heat
transport fromthe cartridge chanber region into the
direction of the weapon nmuzzje, clue to the increased
thermal conduction. Additiorial alternative enbodi nents
and variants follow for the expert fromthe follow ng
patent clains. 12 Cains _|I. Cooling system (4) for a
weapon with a fastening ekdi{®®6) that can be coupl ed
in the cartridge chanber region of a barrel (2) to a
weapon conponent (6, 8'), whereby, starting fromthe
.fas lCenhm’@sysmdl (#260r 2 veeaheatvith ndbstatinggnhdsL&aME caB8d coupled in
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the heat insulating sleeve (30) are thermally conducting connected to each other.

Cooling system (4) according to one of the preceding claims, in which the heat

insulating sleeve (30) and the fastening end (26) are manufactured from different

materials.

Cooling system (4) according to one of the preceding claims, in which the

fastening end (26) and heat insulating sleeve (30) are constructed integrally.

Cooling system (4) according to one of the preceding claims, in which the heal

msulating sleeve (30) comprises openings.

Cooling system (4) according to one of the preceding claims, in which the outside

(38) of the heat insulating sleeve (30)



materials. 5. Cooling system (4) according to one of
the preceding clains, in which the fastening end (26)
and heat insulating sleeve (30) are constructed
integrally. 6. Cooling system (4) according to one of
the preceding clains, in which the heat insulating

sl eeve (30) conprises openings. 7. Cooling system (4)
according to one of the preceding clains, in which the
outside (38) of the heat insulating sleeve (30) 13

is provided with elenents that increase the surface,
in particular, with longitudinal ribs, ring-shaped

ri bs, pegs, knurls, and/or surface struct w ngs. 8.
Cooling system (4) according to one of the preceding
cl i - IS
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11. Cooling system (4) according to one of the preceding claims, in which the wall

thickness of the heat insulating sleeve (30) is 0.5-4 mm.

12, Weapon (1) with a cooling system (4) according to ane of the preceding claims,
which, in particular, comprises a hand guard that surrounds the heat insulating

sleeve (30).

13. Weapon (1) according to claim 12, in which an insulation layer is provided

between the heat insulating sleeve (30) and the hand guard.

14, Weapon (1) according to claim 12 or 13, in which between the barrel (2) and the
weapon component (6, 8'), as well as between the weapon component (6) and the
barrel nut (4), always heat transfer promoting contact surfaces (28, 40} are

consiructed which correspond to each other.



between the heat insulating sleeve (30) and the hand
guard. 14. Weapon (1) according to claim12 or 13, in
whi ch between the barrel (2) and the weapon conponent
(6, 8 ), as well as between the weapon conponent (6)
and the barrel not (4), always heat transfer
pronoti ng contact surfaces (28, 40) are constructed
whi ch correspond to each other. 14 15. Wapon (1)
according to claim 14, in which the contact surfaces
are formed by, to each other4 correspondi ng, spline
profiles (40) between the barrel (2) and the weapon
conmponent (6, 8'), and/or in which the contact
surfaces that are constructed between the cooling
158y Stem, -d;PE 0 nt. (6.8 are .
constr ui‘élfr Q& %gésb,} &}? g tdel\g%ﬂpgdf’ Exglf‘m%g (r?lFeeCsO {ﬁga‘ﬁto{iuﬁ%?estaher forpedby. to
sur tabeghyr28jresponding, spline profiles (40) between the barrel {(2) and the

weapon component (6, 8", and/or in which the contact surfaces that are
constructed between the cooling system (4) and the weapon component (6, 8") are

constructed as, to each other corresponding, threaded surfaces (28).



