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(57) Abstract: There is provided a recoil reduction system (100) for a weapon having a barrel (110). The system comprises a barrel
holder (152, 155), a reservoir (170) supported by the barrel holder, and a plunger portion (160) that is fixed to an outside of the bar-
rel. The plunger portion (160) moves to reduce the volume of the reservoir as the barrel (110) slides in the barrel holder (152, 155)
upon initiation of a propellant (190) in the barrel, thereby forcing fluid out of the reservoir (170) and into the external environment.
There is further provided a barrelled weapon comprising the recoil reduction system (100).



WO 2014/016538 PCT/GB2013/000292

RECOIL REDUCTION SYSTEM

Technical Field of the Invention

This 1nvent10n relates to a recoil reduction system and in particular to a recoil reductlon

system for a weapon having a barrel

Background to the Invention

Recoil reducers are typically used to reduce the recoil forces acting on a device or person
* following initiation of a propellant within a barrel, the initiation driving a payload out the

barrel and forcing the barrel in a direction opposite.to the direction of the payload.

Known recoil reducers often seek to reduce recoil forces by smoothing the forces out over
time using a damping system such asa dashpot. However, the recoil still exists and has the

potential to cause damage to devices or persons supporting the barrel.

Other known recoil reducers- seek to reduce recoil forces by transferring the recoil momentum
to rearWardly ejected materials. The document GB 2291958 di__scloses the use of a-
-countermass that is forced from a barrel in an opposite direction te a payload to reduce or
eliminate recoil. However, the ejection of the couritermass can present démgers_to the
surrounding environment, and the barrel needs to be long enough to accommodate the
countermass as well'as the, payload. Furthermore, the use of such a countermass is wasteful of

the power generated by the propellant.

It is therefore an aim of the invention to improve upon the known recoil reduction systems.

Summary of the Invertion

.According to a first aspect of the invention, there is provided a recoil reductioen system for a -
weapon having a barrel, the'system comprising a barrel 'holder a reservoir supported by the

barrel holder, and a plunger portion that is fixed to an out51de of the barrel wherein the
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holder upon initiation of a propellant in the barrel, thereby forcing fluid out-of the reservoir

"and into the external environment.

The initiation of the propellant forces a payload forwardly out of the barrel aﬁd causes the
barrel to recoil backwardly and slide within the barrel holder. The plunger portion that is
fixed to the barrel also moves backwardly with the barrel, reducing the volume of the
reservoir supported by the barrel holder. The forcing of the fluid out of the reservoir and into
the external environment by the plunger portion acts against the siiding of the barrel within
the barrel holder, thereby helping to dissipate the reéoi_l forces of the barrel upon firing b)'z
transferring momentum to ~the external environment which lowers the impulse transferred by

the weapon to whatever/whoever is hblding the weapon.

The forward direction is considered to be the direction that the payldad moves in-and the
backward (rearward) direction is considered to be the direction in which the barrel recoils.
The fluid may Be a liquid such as water to avoid contamination of the external environment.
Preferably, the fluid is directed into the external environment substantiélly in the backward
direction, so that backward momentumvof the barrel is transferred away froml the barrel as

backward momentum of the fluid.

Since the reservoir is supportéd by the barrel holder, the whole léngth of the barrel itself can
be dedicated to the ﬁrixig of the payload, allowing for a shorter barrel length compared to
known countermass recoil reduction systems such as the above-described GB 2291958.
Furthermore, the propellant rﬁay expand between the payload and an end of the barrel upon
initiation, meaning that the whole weight of the barrel is used to help drive the payload
forwards. This makes more efficient use of the propellant since the barrel is typically heaviér
than a couﬁterr’nass, and so results in higher forces upon the payload for ei‘ gi\}en quanfity of

- propellant. The payload may be a solid or a liquid, for example water.

The plunger portion may be fixed to the barrel by coﬁnecting it to a barrel of an existing

Weapon in the case of rétroﬁtting the recoil reduction system to the existing weapon, or the
_plunger portion may‘ be fixed to the barrel when( ménufeicturihg the weapon in the ﬁrsf place,

for example by integrally formirig the plunger portion and the barrel together. Retrofitting v

may be performéd by simply fixing the plunger portion to an outside of the barrel and.
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The plunger portion is preferably fixed in position relative to the barrel so that they move
together as one part during initiation. Initiation may for example comprise firing and/or-

ignitidn of the propellant.

The barrel holder may comprise éring porfion connected to a shell, wherein the ririg portion
is configured to su'pporf the barrel within the ring portion, and wherein the shell is configured
to extend around a length portion of the barrel. Making the shell extend all around the barrel .

along a portion of the length of the barrel helps to support the barrel within the shell. .

Furthermore, the pluhger portion of the barrel may support the shell-around the barrel. Then,
- the ring portion and the plunger portion may act together to stabilise the barrel within the
barrel holder. The plunger portion may be formed separately from the barrel and then

connected to the barrel, or may be formed integrally with the barrel.

Advantageously, an external wall of the reservoir may be formed by an inside surface of the

shell, so that no separate container for the reservoir is required. |

The reservoir may also be formed between the‘ring portioh and the plunger pbrtion, the
distance between the ring portion and the plunger portion reducing lip'on initiation to reduce

- the volume of the reservoif\, since the plunger portion moves with the barrel and the ring
portion mov‘e_s' with the shell. Optionally, the plunger portion fnay form a forward wall of the
reservoir, the ring portion may form a rearward wall of the reservoir, and the ﬁng portion
may comprise exit holes for exiting fluid from the reservoir when the barrel slides in the\
barrel holder upon initiation of a propellant in the barrel. Alternatively, exit holes may for
example be provided in the shell. The exit holes may be configured to direct fluid in a
substantially backward direction upon the propellant being initiated and forcing a payload out
of the barrel in a forward direction, so that the backward momentum of the barrel is

transferred to backward momentum of the fluid.

- The exit holes _may act in the manner of a dashpot, helping to damp the recoil of the barrel.

Specifically, a high initial peak force applied to the reservoir fluid by the plunger portion

1nan initiatinn mas he emanthed ant in time tn lawer the neak farce trancferred to the rino
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through the fluid to the ﬁng portion will also be reduced as momentum will be transferred to

the external environment by the fluid exiﬁng the holes.

Advantagéously; the recoil reduction system may further comprise a plug portion attached to
the barrel, the plug portion configured to plug the exit holes Wheh the barrel is in an initial
posifion- prior to initiation. The ring portion may be between the plug poftion and the plunger
portion, so that the backward movement of the barrel upon initiation automatically pulls the

- plug portion away from the ring portion, thereby unplugging the exit holes in the ring portion ,
and allowing the fluid to exit through the holes under force applied by the plunger portion. -

- The stiction between thé plug portion and the ring portion may help hbld the barrel in place
witﬁin the barrel holder priOr'to ignition. The plug portion may be connected to the barrel, or

" may be integrally formed Wifh the barrel.

The plug portion may be formed in the shape of a ring around the barrel, to correspond to the

ring portion of the shell.

The plug portion may comprise multiple plug protrusions, each plug protrusion for plugging a
corresponding exit hole of the ring portion. The combined stiction of the multiple plug
protrusions in the corresponding exits holes may help improve the holding of the barrel in

place within the barrel holder prior to ignition.

The plug porﬁon may comprise a circular protrusion around a central axis of the plug portion,
the circular profrusion being shaped to plug into a corresponding circular dep_ressioﬁ around a
c'entral axis of the ring portion, the exit holes being forrned through the ring at a base of the
circular depression. Then, the manufacture of the plug ponion méy be gréétly simplified by

: forming one circular protrusion instead of the multiple profrﬁsions. Or, the multiple plug

protrus.ions may be provided on the circular protrusion to provide enhanced sealing.
The exit holes may be angled away from a longitudinal axis of the barrel to direct fluid past
the plug portion during firing, thereby avoiding fluid from impacting against the plug portion

and pushing the plug poﬁion (and therefore the barrel) backwards.

The exit holes preferably direct fluid in a rearward direction upon firing of a payload.in a



WO 2014/016538 PCT/GB2013/000292

away from the barrel. The fluid is preferably a liquid. Since liquids are _fypically denser than
gases; the use of a liquid typically transfers more momentum away from the barrel than a gas
would for a given size and number of exit holes. One convenient and non-toxic liquid which

could be used is water.

Preferabiy, the exit holes in the ring portion are evenly spaced around the ring pdrtion so the
total momentum imparted on the barrel by the ﬂuid is in the forward direction, opposite to the
movement of the barrel in the backwa’rd direction. Then, any transverse forces acting up.on
the barrel which could alter the longitudinal direction of the barrel and/ or damage ahy
person/device holding the barrel are nﬁnimised., The plug portion helps plug the exit holes

and prevent fluid from leaving the reservoir via the exit holes until firing,

Other means for keeping the fluid within the reservoir until firing may also (or alternatively)
~ be used, for example a membrane over various holes in the reéervoir, the membrane breaking
open when the fluid pressure raises upon firing. Another possibility would be to provide

holes in the reservoir positioned above an initial level of the fluid in the reservoir.

An internal Wail of the reservoir may be formed by an outside surface of the barre_l, or the
internal wall may be formed by a sealing layer that is fitted en the outside surface.of the
barrel, for example if the outside surface of thé bérrél is insufficiently smooth to provide a
good seal between the ring por'tion‘and the outside surface of the barrel. A good seal helps
prevent the fluid from .1eaking out of the reservoir prior to initiation of the propellant.
Prefefably, the sealing layer extends substantially all of the way between the plug portion and
the plunger-portion. | |

The use of a sealing layer may be particularly advantageoﬁs during retrofitting as the length
* of the sealing layer can be used to define how far apart the plug portion and the plunger

. portion should be fixed relative to one anéther on the barrel. The plug'pqﬁi‘on, sealing layer,
and plunger portion may be formed as one piece to aid retrofitting, either by integrally

forming them together, or by fixing them together prior to the retrofitting.

The barrel may be cylindrical with a closed end and an open end opposite the closed end, so

that the closed end provides confinement for the propellant between the closed end and the

\
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The shell may also be cylindriéal with the plunger portion and the ring portioh holding the
barrel with a central axis of the shell aligned with a cenfral axis of the shell. Then, when the
internal wall of the reservoir is.formed by an outside of a circular barrel, ot is formed .by a
sealing layer in the form of a cifcular sleeve, the radial depth of ﬂuiq within the reservoir is
substantially the saﬁqe all arouﬁd the barrel so that _fthe fluid pressure during ﬁﬁng does not

tend to force the barrel transversely relative to the shell.

The walls forming the reservoir may entirely consist of the outside surface of the barrel (or
the sealing sleeve), the inner surface of the shell, the ring portion, and the plungér portion, so

that no further components are required to form the walls of the reservoir.’

The plunger portion of the barrel rn'a}; comprise an O-ring that bears against the shell, and the
ring portion may comprise an O-ring that bears against the sealing sleeve or against the
outside of the barrel when no sealing sleeve is provided. As well as providing seals for the
reservoir, the O-rings may help damp any transversely directed ‘yibra'pion‘s between the barrel
and .t'he' barrel holder, and help keep the barrel running smo'othlly within the»4ba.‘rrel holder.

Transverse directions are considered to be directions perpendicular to the length of the barrel.

The shell may comprise a removable filler cap for fitting in an aperture that extends through
the shell and into the reservoir, to enable easy filling of the reservoir with fluid prior to

initiation.

Preferably, ;che'recoil reduction system is arranged so that its position prior to firing enables |
the shell to be h'eld.withoutany significant rotational moment needing to be c_ountered by the
holder (pérson or device). For example, prior to initiation the shell may extend over a point
half way along the length of the barrel, and/or over a centre of mass of the combined barrel,
shell, and reservoir.

The shell may comprise an attachment means at an outer surface of thé shell to enable the
shell to be easily attached to'a mounting device, for eiample a remote controlled vehicle. The

attachments means may for example be screw threads and/or mounting brackets.



WO 2014/016538 PCT/GB2013/000292

According to a second aspect of the invention, there is provided a barrelled weapon

comprising the recoil reduction system of the first aspect of the invention.

Brief Description of the Drawings

Y

Embodiments of the invention will nQW be described by way of example only and with

reference to the accompanying drawings, in which: -

Fig. 1 shows a pérspective diagram of a recoii reduction system before firing according to an .
embodiment of the invention; | _ |

Fig. 2 shows a side diagram of the recoil reduction system of Fig. 1 before firing;

Fig. 3 shows a perspective diagram of the récoil reducﬁon system of Fig. 1 after firing;

Fig. 4 shows a side diagram of the recoil reduction system of Fig. 1 after firing; '

Fig. 5 shows a cross-sectional diagram of the recoil reduction .system of Fig. 1 before firing;
Fig. 6 shows a crqs's-sectional diagram of the recoil reduction system of Fig. 1 after firing;
Fig. 7 shows a perspeétive diagram of a recoil reduction system according to an alternate
embodiment of the invention; and : - -

Fig. 8 shows another perspective diagram of the recoil reduction system of Fig. 7.

The drawings are purely illustrative and are not to scale. Same or similar reference signs

denote same or similar features.

Detailed Description

The perspective diagram of Fig‘. | shows a recoil reduction system 100 according to an
embodiment of the invention. Fig 2 shows a side view of the recoil reduction system 100 of

Fig. L.

_ The recoil reduction system 100 is shown in Figs .1 and 2 in a position prior to initiation, and
comprises a barrel holder 150 that is used to hold a barrel 110 of a barrelled weapdh. The -
barrel holder 150 may for example be held by a person or remote controlled vehicle using a

mounting device such as clamps and/or brackets (not shown in F igs).
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' The B‘arrel 110 has a closed end 111. A propellant located within the barrel 110 and between -
~ theclosedend 111 and a pajlload, may be initiated to.drive the payload in a forward direction
Dp out of the barrel 110. The barrél has a circular outer profile along its length, the circular
outer profile being of a constant radius along a 1ength pOrtion of the barref that is inside of the
barrél holder 150 in the position prior to initiation of the propeliant. The constant radius helps
facilftate the sliding of the barrel 110 within the barrel holder 150 during initiation of the

propeliant.

The barrel holder 150 has a shell 152 that extends all afound the longitudinal axis bf the

barrel 110 along the length porﬁon of the barrel. The shell 152 encloses the length pbrtion of
the barrel 110, and supborts a reservoir in between the shell 152 and the barrel 110. The

' reservoir may be filled with fluid by Unscrewing a filler cap 180 from the shell 152 and

pouring in fluid, for exai_,nple water. The shell 152 forms an external wall of the reservior.

The barrel holder also has a ring portion (not visible in Fig. 1 or 2) that is connected to the |
shell 152, and which'supports the shell with the ‘shell’sllongitl.ldinal axis aligned with the-

: longitudinal axis of the barrel. In the position of the recoil 'redu'ct'i>on' system prior to initiation,
the ring portion rests against a plug portion 112 that is fixed to the barrel 110. The plug
portion 112 may be 1ntegra11y formed with the barrel or may be attached to the barrel asa

separate component, for example by clamplng or welding to the barrel 110.

* A perspective diagram and a side diagram of the recoil reduction system 100 in a position

after inititation are shown in Figs. 3 and 4 respectively.

The ﬁring of the recoil reduétiori Sys.terﬁ 100 Has resulted 1n the B_arrel 110 recoiling
béckwardly to the-left side of the page as viewed in Figé. 3 and 4, so that the plug portion 112
is moved away from the barrel holder 150, allowing the ring portlon 155 that is: connected to
the shell 152 to be seen. The ring portion 155 is an annular plate having a central hole for the
barrel 110 to-shde back and forth through the hole. The annular plate has a plurality of exit
holes 156 that allow fluid inside the reservoir to exit to the external environment during

firing.

The ring portion 155 is at a rearward end of the barrel holder 150, enabling fluid in the
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The plug portion 112 comprises a plurality of plug protméions 114 that plug iﬁto respective
ones of the exit holes.156 prior to firing, and prevent fhe fluid in the reservoir from leaking
out before'ﬁring. Each plug protrusion‘ 114 is circular and is fitted with an O-ring 115 that
seals against thé inner wall of the corresponding hole 156. The O-rings 115 also provide

stiction that helps hold the barrel 110 in position within the barrel holder 150 prior to firing.

The recoil reduction system 100 will now be described in more detail with reference to the
cross-sectional diagrams of F igs. 5 and 6. The cross sections are taken aligned with the-
longitudinal axis of the barrel 110, and show the positions of the recoil reduction system

before and after initiation of a propellant 190. -

Before firing, as shown in F1g 5,‘ the propellant 190 is placed at the end 111 of the barrel 1 10,
and a payload 191 is ﬁtted at the opposite side of the propellant from the end 111. The
reservoir 170 has an intemal wall formed by a sealing sleeve 117, an external wall formed by
the shell 152, a rearward wall formed by the ring portion 155, and a forward wall formed b)} a
plunger portion 160. The reservoir 170 is filled with akﬂuid.

The plunger pbrtion 160 is fixed to the barrel 110, and heips to sﬁpport the shell 152 around ‘
. the barrel 110, and to define the extént of the reservoir 170 that is fonned between the inside
surface of the shell 152, the outside surface of the barrel 110, the ring portion 155, and the

plunger portion 160.

The plunger portion 160 comprisesvtwo O-fings 161 and 162, the O-rihgs helping -tlo seal the
interface between the plunger portion and the shell 15.2 and prevent fluid from leaking out of
the reservoir 170. The ring portion 155 comprises an O-ring 157 (see Flg 6), and the O-ring
157 bears against the sealing sleeve, 1 17 thaf is applied to the outside surface of the barrel
110. The sealing sleeve 117 helps to provide a smooth surface against which the O-ring 157
can seal, to prevent fluid from leaking out of the reservoir 170 and provide a smooth surface

- over which the plunger portion can travel.

The sealing sleeve 117 is formed from a metal piece that may be treated to prevent corrosion

and fits as a sleeve around the barrel. Alternatively the sealing sleeve may be made from
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other materials such as polycarbonate or PTFE if t_lle' calibre of the barrel allows sufficient

| thickness of_ material to be used.

- The sealing sleeve 117 helps to smooth out any imperfections in the barrel and prevent the
ring portion 155 from jamming against any of these impactions during initiation of the
* propellant 190. In an alternate embodiment, the outside surface of the barrel 100 is

sufficiently smooth to provide good sealing and the sealing sleeve 117 is omitted.

When the propellant 190 is in'itiated,»the payload is forced forwards out of thé barrel 110 in a
direction Dp, and the barrel 110 is forced backwards in an opposite direction Db. The

_ backward movement of the barrel moves the plug portion 112 thereby unpluggmg the plug
protrus1ons 114 from the ring portion holes 156, and simultaneously moves the plunger
portion 160 backwards, thereby reducing the distance between the ring portion 155 and the

plunger portion 160 to reduce the volume of the reservoir 170 and pressurise the fluid therein.

‘The pressurisation of the fluid inside the reservoir forees the fluid out through the exit holes
156 and into the external environment in a direction Df. The force exerted on the plunger '
portion 160 by the fluid slows the backward -movcm‘ent of the barrel 110 gradually,
smoothing out the peak forces exerted by the plunger port10n on the ring portlon
Furthermore, restr1ct1ng the flow of the fluid through the exit holes 156 increaseés the water

' velocrty s0 that momentiim is transferred from the backward movement of the barrel to the
external-environment via the ejected fluid. |
The exit holes 156 are angled slightly away frdm the longitudinal axis of the barrel, so that
the fluid that is ¢j jected does’ not 51gn1ﬁcantly impact against the plug portion 112 and cause

~ momentum to be transferred back to the barrel 110.

In an alternate embodiment shown in Fig. 7 and Fig. 8, the plug protrusions 114 are replaced
'by a single ring-shaped ridge protrusion 214 around the axis of the plug portion 212. The
ridge protrus1on 2141 is shaped to fit 1n31de a corresponding depression 256 between inner 257
and outer 258 walls of the ring portion 255. The exit holes 156 are formed through the ring -
port1on 255 along the base of the depression 256.
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Various other embodiments of the invention falling within the scope of the appended claims
will also be apparent to those skilled in the art, for example the reservoir may be located in
different positions relative to the barrel and barrel holder. Cdﬁﬁgmatidns in which the ‘
‘reservoir surrounds the baf_rel equally on all sides as in the described embodiments are

- preferred, to avoid the baﬁel and/or barrel holder from tending to rotate away from their

longitudinal axes during initiation of the propellanf.



WO 2014/016538 PCT/GB2013/000292
12

CLAIMS

1. A recoil reduction system for a weapon having a barrel, the system comprising a
“barrel holder, a reservoir supported by the barrel hbldef, and a plunger portion that is fixed to
an outside of the barrel, wherein the plunger portion moves to reduce the volume of the |
‘feservqir as the barrel slides in the barrel holder updn initiation of a propellant in the barrel,

thereby forcing fluid out of the reservoir and into the external environment.

2. - The recoil reduction system of claim 1, wherein the barrel holder comprises a ring
portion connected to a shell, wherein the ring portion is configured to support the barrel
within the ring portion, and wherein the shell is configured to extend around a length portion

of the barrel.

3. The recoil reduction system of claim 2, wherein an external wall of the reservoir is

formed by an inside surface of the shell.

4. The recoil reduction systém of claim 2 or 3, wherein the plunger p_ortién‘ supports the

shell around the barrel.

5. ‘The recoil reduction system of claim 4, wherein the plunger portion comprises an O-

ring that bears against the shell. -

6. The recoil reduction syétem of claim 2, 3, 4, or 5, wherein the plungér portion forms a
forward wall of the reservoir, wherein the ring portion forms a rearward wall of the Teservoir,
and wherein the ring portion comprises exit holes for exiting ﬂLIld from the reservoir when

the barrel slides in the barrel holder upon initiation of a propellant in the barrel.

7. The recoil reduction system of claim 6, further comprlsmg a plug portion that is fixed
to an out51de of the barrel, the plug portion configured to plug the exit holes when the barrel
is in an initidl position prior to initiation, the rlng portion being between the plug portion and

the plunger portion.
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8. The recoil reduction system of claim 7, wherein the exit holes are émgled away froma

_longitudinal axis of the barrel to direct fluid past the plug portion during initiation.

9. Therecoil ré'duction system of claim 7 or 8, wherein the plug pdrtion comprises
multiple plug protrusions, each plug protrusion for plugging a corresponding exit hole of the

ring portion.

10. The recoil reduction system of claim 7, 8, or 9, wherein the plug portion comprises a .
circular protrusion around an axis of the plug portion, the circular protrusion being shaped to
plug a corresponding circular depression around an axis of the ring portion, the exit holes

being formed through the ring portion at a base of the circular depression.

11. The recoil reduction system of any preceding claim, wherein the system further
comprises a sealing layer fha_t is fitted on an outside of the barrel and which forms an internal

wall of the reservoir. .

12. . The recoil reduction system of claim 11 when appended to any one of claims 6 - 10,
~wherein the sealing layer extends over the outside surface of the barrel between-the plug

portion and the .plunger portion.
13.  The recoil reduction system of claim 11 or 12, wherein the sealing layer is a sealing
sleeve that extends all around the barrel, and wherein the ring portion comprises an O-ring

that bears against the sealing sleeve.

14. The recoil reduction system of any'one of claims 2 — 14, wherein the shell comprises -

a filler cap that is removable to fill the reservoir with fluid.
15.  Abarrelled weapon comprising the recoil reduction system‘of any preceding claim.

16. A recoil reduction system substantially as described herein with reference to the

accompanying drawings.
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