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1
SILENCER FOR SABOTED PROJECTILES

RIGHTS OF THE GOVERNMENT

The invention described herein may be manufac-
tured, used or licensed by and for the United States
Government for governmental purposes without the
payment to us of any royalty thereon.

BACKGROUND OF THE INVENTION

1. Field of the Invention

In general, the invention relates to a silencer, that is,
a device fitted to a gun muzzle that reduces the peak
blast overpressure and impulse noise about the gun. In
particular, the invention relates to a silencer for attenu-
ating blast overpressure and impulse noise produced by
saboted ammunition.

2. Description of the Related Art including Informa-
tion disclosed under 37 CFR 1.97-1.99

In known silencers, the noise level is attenuated be-
cause the peak energy efflux from the silencer projectile
exit hole is reduced relative to the peak energy efflux
from the gun muzzle. This reduction in the peak energy
efflux from the silencer projectile exit hole is commonly
accomplished by (1) increasing the internal volume of

. 'the silencer, (2) using internal baffling to promote vis-
cous processes, (3) utilizing materials and structures so
as to maximize heat transfer from the propellant gases,
and (4) minimizing the area of the projectile exit hole.

For example, the silencers described in U.S. Pat. No.
958,935 issued May 24, 1910 to Maxim, U.S. Pat. No.
2,448,382 issued Aug. 31, 1948 to Mason, and U.S. Pat.
No. 4,576,083 issued Mar. 18, 1986 to Seberger, Jr.
utilize these methods. )

Also, in some silencers, such as those described in
U.S. Pat. No. 1,000,702 issued Aug. 15, 1911 to Thurler
and U.S. Pat. No. 2,101,849 issued Dec. 14, 1937 to
‘Green, portions of the propellant gases are exhausted to
the atmosphere through additional openings in the si-
lencer casing rather than through the silencer projectile
exit hole, after these gases have been expanded and
cooled.

U.S. Pat. No. 3,528,336, issued Sept. 15, 1970 to Don-
ner, describes a muzzle assembly for use at the end of a
smooth-bore barrel on firearms such as mortars, gre-
nade launchers and the like which fire smooth-bore
fin-stabilized projectiles. The muzzle assembly has the
same inner diameter as the gun barrel and serves as an
extension of the barrel to guide the projectile. The muz-
zle assembly includes radial openings therethrough in
the form of slots inclined at an acute angle to the direc-
tion of flight of the projectile, so that the highly-com-
pressed propellant gases can escape with minimum tur-
bulence before the projectile has emerged from the
barrel. While the major purpose of this muzzle assembly
is to increase the accuracy and range of the weapon, it
also causes a quieter shot.

In conventional silencers for use with unsaboted pro-
Jectiles, such as that described in the above.referenced
U.S. Pat. Nos. 958,935 and 4,576,083, the projectile exit
hole is located near the front end of the silencer body,
and this exit hole only needs to be large enough for the
projectile to pass through with an expected maximum
yaw angle. To pass a projectile with a discarding sabot
from such a silencer requires a large exit projectile hole.
Typically, the saboted projectile is spinning and the
sabot components begin separating from the subprojec-
tile at a certain angle immediately after muzzle exit. The
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sabot components are appreciably separated from the
subprojectile at the exit hole of a conventional silencer.
The exit area needed to allow the sabot components to
pass without interference also results in the production
of a larger energy efflux corresponding to the propel-
lant gases passing through the projectile exit hole. This
large energy eftlux may severely impair the noise reduc-
tion performance of the silencer and limit its usefulness.
For example, a conventional silencer for the 25 mm
M242 cannon with a length of 46 cm would require a 66
mm diameter exit hole for the saboted projectiles while
only needing a 28 mm hole for unsaboted ammunition.
This necessary increase in exit hole size would result in
approximately a 7 dB decrease in noise attenuation.

SUMMARY OF THE INVENTION

Therefore, it is a primary object of the invention to
provide a silencer for saboted projectiles.

It is a further object of the invention to provide a
silencer for saboted projectiles which also functions as a
flash suppressor.

The expansion chamber of the silencer for saboted
projectiles described herein has a rear projectile en-
trance hole into which the gun muzzle extends so that
the entrance hole is closed by the gun barrel. For exam-
ple; the muzzle end of the gun barrel and the silencer
chamber wall defining the projectile cntrance hole may
be threaded so that the silencer can be screwed onto the
gun barrel and sealed to it.

The silencer chamber also has a projectile exit hole
which is disposed as near as possible to the gun muzzle
to reduce its necessary size, yet far enough away to take
advantage of the decrease in the energy flux density of
the expanding propellant gas with distance from the gun
muzzle. Since generally the saboted projectile is spin- -
ning and the sabot components begin separating from
the subprojectile at a certain angle immediately after
muzzle exit, in order to have a projectile exit hole as
small as that of a unsaboted projectile, the projectile exit
hole should be at a distance from the gun muzzle less
than the axial length of the saboted projectile.

To minimize the diameter of the silencer and still
provide a large volume silencer chamber, as well as to
direct the flow of propellant gas into the expansion
chamber with minimum turbulence along the projectile
path throughout the chamber, the front portion of the
silencer chamber wall is indented to form a truncated
projectile exit cone whose smallest diameter is the pro-
jectile exit hole, with the front portion of the silencer
expansion chamber extending about the exit cone. The
exit cone has an angle which is greater that the flight
angle from the bore line of the sabot components, so
that none of the sabot components will strike the exit
cone wall as they separate from the subprojectile. Fur-
ther, the exit cone may be curved if the trajectories of
the sabot components are also curved.

The silencer expansion chamber may contain one or
more perforated baffles to induce viscous processes and
partially reflect shock waves so that the accumulating
chamber peak pressures are reduced compared with a
silencer with no perforated baffles, which in turn ailows
the chamber wall thickness and the mass of the silencer
to be minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood, and further
objects, features, and advantages thereof will become
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more apparant from the following description of pre-
ferred embodiments, taken in conjunction with the ac-
companying drawings in which:

FIG. 1 is a cross sectional side view of a preferred
embodiment of the invention, taken along line 11 of
FIG. Z;

FIG. 2 is a cross sectional radial view of the embodi-
ment of FIG. 1, taken along the line 2—2 of FIG. 1; and

FIGS. 3 and 4 are cross sectional side views of other
embodiments of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1 and 2, a silencer 10 for saboted
projectiles is shown attached to a threaded muzzle 12 of
a gun barrel 14 so that it extends symmetrically about
the boreline A—A of the gun barrel 14, i.e., the axis of
the silencer 10 coincides with the gun barrel axis or
boreline A—A. The silencer 10 has a hub 16 having a
bore therethrough forming a projectile entrance hole 18
for a saboted projectile 20. The outer portion of the
borc 18 is threaded to e¢ngage with the threaded gun
‘muzzle 12 and secure the silencer 10 to the gun barrel
14. The periphery of the hub 16 is affixed to an outer
shell 22 of the silencer 10.

The silencer 10 includes an exit cone 24 in the form of
a truncated cone symmetrically disposed along the axis
A—A, with the inner, smallest diameter portion of the
cone 24 serving as the projectile exit hole 26 for the
saboted projectile 20. At its outer front end, the exit
cone 24 is connected to the outer shell 22 by a solid
baffle 28, to form therebetween an expansion or accu-
mulation chamber 30 to receive propellant gases when a
projectile 20 is fired from the gun. Two annular perfo-
rated baffles 32, 34 are disposed within the accumula-
tion chamber 30 between the exit cone 24 and the outer
shell 22. Each baffle 32, 34 includes a plurality of perfo-
rations or openings 36 therethrough.

The projectile 20, which is shown leaving the gun
muzzle 12 and entering the exit cone 24, has several
sabot petals 38 which start to separate from the main'
body of the projectile almost immediately after the
projectile leaves the gun muzzle 12. To assure that the
diameter of the exit hole 26 can be essentially the same
as that required for an unsaboted projectile of the same
size, the axial distance between the gun muzzle 12 and
the exit hole 26 should be less than the length of the
saboted projectile 20.

Many guns used for firing saboted projectiles have
standard muzzle brakes, which could be replaced by the
silencer 10 described herein. Ideally, the silencer 10
should be no heavier that the muzzle brake it replaces.
However, the greater the volume of the silencer accu-
mulation chamber 30, generally the greater the noise
attenuation value. Also, a system of perforated baffles
for inducing viscous processes and partially reflecting
shock waves can be designed so that the accumulation
chamber peak pressures are markedly reduced com-
pared to a silencer with no perforated baffles. A prop-
erly tailored system of perforated baffles will also re-
flect pressure waves of an optimum amplitude to avoid
high pressure transients at the exit hole 26. With the
loads on the silencer 10 reduced, the mass of the struc-
ture can be reduced.
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Optimum conditions concerning the accumuiation
chamber size, mass of the silencer, and number and
location of perforated baffles can be found by experi-
ment or numerical simulation, as discussed in a paper by
the inventors entitled “Attenuation of Muzzle Blast
Using Configurable Mufflers”, Proceedings of the
Tenth International Symposium on Ballistics, Vol. 1,
Sponsored by the American Defense Preparedness As-
sociation, Oct. 27-29, 1987, San Diego, Calif. Preferra-
bly, the silencer 10 is made of a high strength, corro-
sion-resistant, metallic material, such as stainless steel.

In the preferred embodiment shown in FIGS. 1 and 2,
the exit cone 24 is a truncated right circular cone
formed by rotating about an axis a portion of a straight
line passing through a vertex point on the axis. In alter-
nate embodiments of the invention, the exit cone may be
formed by rotating a portion of a curved line about the
axis of the cone, to form a flared exit cone 40 such as
shown in FIG. 3 or an ogive-shaped exit cone 42 such as

" shown in FIG. 4., so long as the trajectory of the sabot

components are such that these components pass
through the exit cone 40 or 42 without intereference.
Alternate embodiments such as shown in FIGS. 3 and 4
can be used to better match the shape of the exit cone
with the sabot components trajectory, or to improve the
performance of the silencer 10 as a flash suppressor.

Since there are many variations, changes, and addi-

tions to the invention which would be obvious to a
person skilled in the art, it is submitted that the scope of
the invention be limited only by the appended claims.

What is claimed and desired to be secured by Letters

Patent of the United States is:

1. A silencer for a gun which fires a saboted projectile

comprising:

a casing which defines a chamber of the silencer
through which the saboted projectile passes when
fired from the gun, the chamber having an axis, a
rear projectile entrance hole, and a front projectile
cxit hole, both the cntrance hole and the exit hole
being disposed on the chamber axis;

means for securing the casing to the gun barrel so that
the chamber axis coincides with the gun barrel axis,
the gun barrel closes the chamber entrance hole,
and the axial distance between the gun muzzle and
the exit hole is less than the axial length of the
saboted projectile; :

wherein the casing defines a truncated exit cone
whose smallest diameter is the chamber exit hole,
the diameter of the chamber exit hole and shape of
the exit cone being selected so that no sabot part
will impinge upon the casing as the sabot compo-
nents separate from the projectile, and the silencer
chamber includes an annular front portion sur-
rounding the exit cone;

at least one annular perforated baffle extending
around the exit cone in the front portion of the
chamber.

2. Asilencer, as described in claim 1, wherein the exit

cone is formed as a truncated right circular cone.

3. A silencer, as described in claim 1, wherein the exit

cone is formed as a truncated flared circular cone.

4. A silencer, as described in claim 1, wherein the exit

cone is formed as a truncated ogive-shaped circular

cone.
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