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BLANK FOR GUNBARREL, METHOD FOR PRODUC1TN& SAID GUNBARREL
AND GUNBARREL

TECHNICAL FIELD

The present invention relates to a blank for a gun barrel, which blank consists of a metal
bar. The invention further relates to a method for production of a gun barrel, and such a
gun barrel. In the concept of gun barrel, there is also included cannon barrels. The in-
vention is applicable for all types of fire-arms, e.g. manual, semi-automatic, or auto-
matic small arms, cannons etc., but has primarily been developed for gun barrels for
shot-guns.

STATE OF THE ART AND PROBLEMS

Known gun barrels, e.g. for rifles, shot-guns, automatic or semi-automatic guns, can-
nons etc., are usually manufactured from a blank which consists of a rolled or forged
bar material of steel, which bar material is drilled for the formation of a bore.

One important aspect in connection with the manufacturing of gun barrels is the
strength, especially when the gun is fired. Thereby, the gun barrel must be provided
with an adequate wall thickness in order to withstand the tensile stresses which occur at
the firing of a given charge. The required wall thickness may result in a heavy weapon,
which accordingly will be expensive and/or difficult to handle.

One drawback of known gun barrels is that they are manufactured from a bar material
which after rolling/forging exhibits its best mechanical properties in the longitudinal
direction of the bar. Normally, the fatigue strength, the notch value and the ductility is
20-50% higher in the longitudinal direction than in the lateral direction. This is mainly
due to the orientation and the indication of fracture effect of non-metallic occlusions.
When the bar material is produced, it is substantially elongated in the longitudinal
direction, whereby the occlusions too are being elongated in the same direction.
Thereby, the occlusions will exhibit a surface which is substantially larger in the lateral
direction as compared to the longitudinal direction, whereby the fatigue strength, the
notch value and the ductility will be lower in the lateral direction as compared to the
longitudinal direction.

Atthe use of a gun barrel, i.e. at the firing of the gun barrel, tensile stresses will occur in
the barrel due to the internal overpressure, which may be in the magnitude of 3500 bar,
which arises in the barrel. Thereby, the stress distribution will principally be the same as
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in a cylindrical pressure vessel, the difference being that stresses in the longitudinal
direction are taken by the gun bolt and by the bullet or the shots. In the barrel itself, no
substantial stresses will arise in the longitudinal direction, but in the tangential direction
around the barrel, the tensile stresses will on the other hand be large. Therefore, it is a
major disadvantage of known gun barrels that they exhibit poorer mechanical propertles
in the lateral/tangential direction, than in the longitudinal direction.

The problem is accentuated by there being a strive in the technical field to be able to
increase the charging in the fire-arms, at the same time as a decreased weight is desired.

Another drawback, which relates to known gun barrels for shot-guns, is that the known
gun barrels exhibit far to poor wear resistance or hardness in the bore, considering the
decision in certain countries to change from lead shots to iron shots, for certain types of

hunting.

ACCOUNT OF THE INVENTION
According to the present invention the above problems are decreased by choosing a
blank for the gun barrel according to claim 1.

The invention is based on the understanding of the above problems and on the solution,
which according to claim 1 means that a steel bar is repeatedly wrung about its own
longitudinal axis, suitably in one or more hot working steps. After heat treatment, the
wrung bar constitutes a blank for a gun barrel and may accordingly be drilled or
battered, for the making of a bore, and may optionally be post-treated.

According to one aspect of the invention, the bar is wrung about its own longitudinal
axis to a helix angel/pitch angle of 45-90°, preferably 60-88° and even more preferred
75-87°. The wringing may be automatically or manually done. By the wringing accor-
ding to the invention, the occlusions will be crushed into more but smaller disturbances.
The occlusions, which before the wringing are mainly oriented in the longitudinal direc-
tion of the bar, will moreover instead be mainly oriented tangentially around the bar,
mainly at its periphery. Thereby, the occlusions will not constitute as severe indications
of fracture at the tangential tensile stresses which arise in connection with the firing of
the gun barrel which is manufactured from the bar, as compared to when they are
oriented in the longitudinal direction of the bar. The toughness and the fatigue limit of
the bar is accordingly increased in the tangential or lateral direction when the bar is
wrung according to the invention. The fact that the orientation of the occlusions will
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become the most tangential in the periphery is advantageoﬁs, since the tensile stresses

are the largest here.

According to another aspect of the invention, the ultimate breaking strength of the bar
may be increased, after the wringing according to the invention, by about 1-5%, the
ductility (area contraction) may be increased by about 20-550%, the notch value may be
increased by about 20-300% and the fatigue strength may be increased by about 30-
50%, these values relating to the increase in the lateral direction and to conventional
heat treatment steels for shot-gun barrels.

The ultimate breaking strength and yield strength may be additionally affected by heat
treatment after the wringing. An increased possibility to heat treat the steel to an |
increased hardness and strength, without the material showing tendencies of becoming
brittle, is created since the wringing results in an improved toughness. As an alternative,
a harder and stronger alloy may be chosen. Such an increase in strength will result in an
improved wear resistance and may therefore also be used for saving weight in connec-
tion with a decreased wall thickness in the gun barrels as produced.

Furthermore, it is generally true that the steel will become tougher and stronger the
larger the degree of processing. By the wringing according to the invention, the degree
of plastic machining may be increased without affecting the dimensions of the bar. The
machining direction is also taking place in the most advantageous direction, i.e. in the

direction in which the largest loads will arise at the use of the weapon.

According to one aspect of the invention, the wringing is performed in two or more hot
working steps, the material being allowed to recover between these steps, in order for
re-crystallisation to take place. As an alternative, the wringing may be performed in a
single step, if it is done slowly. The purpose of performing the wringing in several
steps, or to perform it slowly in a single step, is to avoid local overheating, which
otherwise may arise in certain cases when the wrmgmg is fulfilled in a single, fast step.
Such local overheating may cause surface defections in the bar, which at continued
wringing may grow to surface fissures. At a continued wringing, the fissures will grow
even more, whereby the bar will be wrung off. The critical limit for the forming of
surface defections vary between different steel grades.
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By use of the invention, there is created a possibility to increase the charge of a fire-arm
and/or to lower the weight of the weapon, as the gun barrel may be provided with a

smaller wall thickness as compared to known gun barrels.

Any steel or steel alloy suitable for gun barrels may be used as raw material in the bar.
From an strength point of view it is especially advantageous to use a powder metal-
lurgical alloy, preferably a fast solidified powder metallurgical alloy. These types of
alloys are common today in qualified metal machining tools, due to their superior

strength.

Powder metallurgy will beneficially also give an opportunity to achieve compound
materials which are suitable for the purpose. As a material for the part which is to form
the inside of the bore in the gun barrel, there may accordingly be chosen a hard and
wear resistant material with a large resistance to the friction from the projectiles, but
which also provides a good corrosion resistance against gunpowder gases, gunpowder
splashes and moisture which may contain dissolved gases and gunpowder splashes. As a
material intended to form the outside of the barrel, there is instead preferably chosen a
material of great toughness and strength.

According to yet another aspect of the invention, the gun barrel may be provided with a
very decorative surface pattern, at the same time as beneficial properties are achieved in
the steel material, by use of so called damascene technique, based on powder metal-
lurgy. Such a powder metallurgical damascene technique, which is especially preferred,
is described in SE-C-9400127-8.

In powder metallurgical damascene technique, there is used at least two different steel
materials exhibiting substantially differing alloy compositions, e.g. two substantially
different types of stainless steel, at least one of them consisting of a powder. The two
steel material are united to a consolidated body e.g. by hot isostatic pressing, so called
HIP-ing, at a pressure which exceeds 600 bar and a temperature exceeding 1000°C.
Other conceivable consolidation techniques are extruding and step-by-step forging of
powder in a capsule. Suitably, there is used a powder which is manufactured by so
called atomisation, which means that a stream of molten metal is disintegrated into
small droplets by the aid of an inert gas, whereafter the droplets are allowed to solidify
to a powder in the inert gas. Thereafter, the powder is sieved into a particle size of 1 mm
at the most. The HIP-ing may be performed by conventional hot isostatic pressing, the
two steel materials to be united with each other, at least one of them being a powder, are
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arranged in a closed capsule, which is evacuated of air andAexposed to the hot isostatic
pressing. The capsule may, as is conventional in connection with powder metallurgy,
consist of plate, e.g. carbon steel plate, but it may also be conceived that the capsule at
least partly consists of stainless steel, which will form an integrated part of the final
product. Also, capsules of non-metallic materials may be conceived, e.g. glass, enamel

etc.

A conceivable process line is the manufacturing of powder by so called atomisation,
filling of two or more powder grades, preferably in prechosen patterns, in a capsule,
preferably a steel capsule, compacting to full density by hot isostatic pressing, extrusion
or forging of the consolidated body and thereafter continued plastic machining into a
bar, wringing according to the invention in a hot working step, and etching in acid in
order to develop the decorative effect.

In order to achieve a decorative effect, steel material are chosen of compositions dif-
ferent enough to achieve a desired contrast effect after etching. For example, if both
materials are stainless, one of the stainless steels may consist of a martensite, relatively
highly carbonised stainless steel, which has limited corrosion resistance and which
accordingly is easily etched and darkened by acid, while the other stainless steel
suitably consists of a more corrosion resistant, low carbonised stainless steel, which is
less etched than the martensite, highly carbonised stainless steel, e.g. an austenite,
ferrite or ferrite-austenite stainless steel, or possibly a martensite stainless steel having a
substantially lower content of carbon than the first mentioned stainless steel. In prin-
ciple, according to the invention there may also be used two stainless steel qualities of
the same type, e.g. martensite, and which have the same composition with the exception
that one of the steels but not the other is alloyed with one or more substances, or con-
tains a substantially larger amount of this or these substances, e.g. phosphor, which
results in this steel being substantially more etched than the other steel, all in the cause
of achieving a desired contrast effect.

According to one aspect, the different steel materials may be arranged in layers, e.g. as
is described in SE-C-9400127-8. Thereby, it is especially preferred to, as in the above
described compound technique, arrange a wear resistant or hard steel material as a
homogeneous core along the longitudinal axis of the bar, and layers of two or more steel
materials outside of this core, which outer steel materials in the main exhibit strength. It
is also conceivable to arrange the layers of the different steel materials as more or less
concentric rings. Furthermore, the different steel materials may be arranged in relation
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to each other so that one or more steel materials constitute strands or other areas in
another steel material. The different steel materials may be chosen in order to, for each
use, give the desired properties consisting of strength, wear resistance, hardness, tough-
ness etc., in different areas of the bar.

In connection with damascene technique, the wringing of the bar which is to constitute a
blank for a gun barrel, will result in an additional dimension in the surface pattern of the
gun barrel. Accordingly, there may e.g. be made gun barrels with a helical surface pat-
tern, or with a combination of a random or chosen pattern and a helical pattern.

DESCRIPTION OF THE DRAWINGS
The improved effect in mechanical properties, which may be obtained, is in the
following accounted for as an example with reference in the drawings, of which:

Fig. 1 is showing how many windings a 30 mm round bar must be wrung in order to
achieve a given helix angle,

Fig. 2 is showing the increase in ductility in the tangential direction for the bar of Fig.
1,

Fig. 3 is showing the degree of processing achieved by the wringing.

The example relates to a 30 mm round bar made of a heat treatment steel which is
conventional for shot-gun barrels. In Fig. 1 there is shown how many windings per
metre that is required at the wringing in order to achieve a given desired pitch
angle/helix angle. Fig. 2 is showing how the ductility increases in the tangential
direction as a function of the pitch angle. Other mechanical property parameters are
expected to increase in the same way, however in different degrees according to the
above. In Fig. 3 there is shown the processing degree , measured as the tangential
elongation percentage in the periphery of the bar, which is achieved upon wringing, as a
function of the pitch angle. This increased processing degree results in an additional
elongation of the occlusions, and thereby additionally improved mechanical properties.

Fig. 2 and 3 are showing that a great deal of the elongation and the improvement in
mechanical properties are achieved already at a pitch angle of 45°, but that an addi-
tionally increased pitch angle will give even better results. At up to 85° pitch angle, the
material has been elongated by as much as 1000% in the periphery. This will mean that,
in a 30 mm bar which has been wrung to up to 85% according to the invention, the
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mechanical properties in the direction of the helix will correspond to the properties in

the longitudinal direction of a 10 mm bar.

The invention is not limited to the described embodiments but may be varied within the

scope of the claims.
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CLAIMS

. Blank for a gun barrel, consisting of a steel bar, characterised in that said bar

has been repeatedly wrung about its own longitudinal axis in one or more hot

working steps.

. Blank according to claim 1, characterised in that said bar is wrung about its

own longitudinal axis to a pitch angle of 45-90°, preferably 60-88° and even more
preferred 75-87°.

. Blank according to claim 1 or 2, characterised in that said bar is produced by

powder metallurgy, the bar preferably consisting of a powder metallurgically
produced steel material.

. Blank according to any one of the preceding claims, characterised in that said

bar consists of a compound material, a first, mainly wear resistant, steel material
being arranged in or about the centre of the bar, and a second, mainly strong, steel
material being arranged in an area outside of the centre part of the bar and/or in the

area of the periphery of the bar.

. Blank according to any one of the preceding claims, characterised in that said

bar is manufactured from at least two steel materials of different chemical com-
position, of which at least one consists of a powder, which steel materials have been
treated to form a consolidated body, and that the consolidated body has been
exposed to plastic machining in order to form said bar, the two steel materials of
different chemical composition having been chosen to be able to be etched with
different etching results, so that the finished blank or the finished gun barrel may be
brought to obtain a decorative surface pattern, by etching.

. Blank according to claim 5, characterised in a first, mainly wear resistant, steel

material being arranged in or about the centre of the bar, and a second, mainly
strong, steel material being arranged in an area outside of the centre part of the bar
and/or in the area of the periphery of the bar, said second steel material preferably
being arranged alternating with a third steel material or with a material of the same
type as said first steel material, whereby at least said second and third (or first) steel
material have been chosen to have chemical compositions which allow them to be
etched with different etching results, so that the finished blank or the finished gun
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barrel may be brought to obtain a decorative surface paﬂern, by etching.

7. Method for the production of a gun barrel from a steel bar, characterised in that
said steel bar is being wrung in one or more hot working steps, about its own
longitudinal axis, suitably to a pitch angle of 45-90°, preferably 60-88° and even
more preferred 75-87°, whereafter the bar is drilled or battered along its longitudinal

axis.

8. Method according to claim 7, characterised in that at least two hot working
steps are performed, in which the bar is being wrung, the bar material being allowed
to, at least partly, re-crystallise between the steps.

9. Method according to claim 7, characterised in that the wringing is performed in
a single hot working step, the wringing being performed slowly.

10. Gun barrel for a fire-arm, characterised in that it has been manufactured from a
blank according to any one of claims 1-6.
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