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reduce the weight of the weapon system This would reduce
weapons usually use a single inertia mass coupled with recoil springs to dampen the

recoil impulse generated during the firing of a 40 mm high velocity grenade. The recoil
springs also form part of the firing mechanism. To be able to dampen the recoil impulse
the inertia mass will have to be quite heavy. This therefore increases the weight of the
weapon and the structural strength of the weapon (and thus its weight) for the weapon to
be able to handle the large weight of the inertia mass. The weapon mounts therefore also
require increased structural strength to withstand the increased weight. This further

increases the weight of the weapon system (weapon plus mounts plus ammunition). Even

" 50, the recoil impulse absorption achieved is not high. For example, the CIS 40 AGL can

achieve a recoil impulse absorption of slightly over 25% when firing a 40 mm high
velocity grenade. '

- Presently available Iaunchers have a weight in the range of 30 to 35 Kg. They also have a

relatively high recoil force due to generally ineffective recoil mitigation mechanisms.

If a recoil impulse mitigation mechanism of reduced weight and greater effectiveness
could be developed, it would reduce the weight of the weapon system. This would reduce
the number of personnel required to carry the weapon system, thus increasing its
portability. This would increase its effective use by infantry,



t-he nunber of personnel required to carry the weapon system thus
increasing its 35 portability. This would increase its effective use by
isnfantry. 2 5 1t is therefore the principal object of the present

invention to provide a recoil mtigationp mechanismthat has

I ncreased. effectiveness in the absorption of the recoil inpulse. A further
object of the present invention is to provide a recoil mtigaLign nmechani sm
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as a result of a firing action, and a second nass adapted to be noved in a
second direction as 15 a result, of the firing actign;, and wherein the first
mass is cadsButhenobjestof the nresentiayention istosprovide a repollmitigationfaecivapisay thah, of
novenent oiﬁ £ ss to the first direction to thereby mtigate a
recoi |l 1npulse generat by the firing action. The first mass nmay be a
front helt and the first direction rearwards; and the second mass 20 a
bolt gear rack and the_secgnd direction forwards. The bolt gear rack may
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i nvention provides a recoil mtigation nmechanismincluding a second nass

adapted to _be noved in a first direction as a result of a_ firing action, a
The first mass may be a front bolt and the first direction rearwards; and the second mass

20  a bolt gear rack and the second direction forwards. The bolt gear rack may include a
housing, the housing being that part of the bolt gear rack adapted to be contacted by the
first mass. The housing may contain a firing mechanism; the firing mechanism including

- a bolt lever pivotally mounted with respect to the housing to maintain the front bolt énd
the housing separated.

25
The bolt lever preferably includes a front finger for engaging the front bolt to maintain
the separation, and a bolt lever spring to bias the bolt lever to a position where the front
finger engages the front bolt. A bolt lever cam is able to activate the bolt lever against the

" effect of the bolt lever spring to raise front finger to allow the front bolt to move

30 rearwardly so that the front bolt can impact on the housing during the firing processes.

In a second form, the present invention provides a recoil mitigation mechanism including
a second mass adapted to be moved in a first direction as a result of a firing action, a
third mass driven by a drive means in consequence of movement in the second mass in
35 the first direction, the third mass being driven in a second direction against the action of

at least one resilient means to absorb energy of a recoil impulse.



third mass driven by a drive neans in consequence of novenent in the second
mass in 35 the first direction, the third nass being driven in a second
direction against the action of at |east one resilient neans to absorb

energy of a recoil inmpulse. 3 5 The secgnd nmass nay be a bolt gear rack
and the second direction forwards; and the first direction rearwards and
the third mass a recoil inertia rack. The drive neans may be a pinion gear
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i nventi@n provides a recoil mitigation mechanismfor a 25 weapon having a
barrel, the barrel having a nuzzle brake including an internal front face
f or cont actintaythisd derad the puesgnisiseentivo ppovidescerecoil mitigation mecdhanésm dthidings and
thus recoil, mti ton. In a fifth farmthe present inventio rovi.des a
recoi | nec@ﬁysarﬁa?%ﬁ’ieat%a%&%h%iw&y Vg Bﬁfa&‘%ﬁ? Hﬂﬂﬂsﬁ‘r"ﬂﬂﬁgb@f’%}'ﬂhe
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having a f irpendl eylinder, theegassen gniegng thsneceibcylindaneshindoa raseil piston to, fordedhe i r st
rifl ngzohayigwn tha forward direction to provide the recoil mitigation. The recoil piston may have

=

a piston rod operatively connected thereto, the piston rod also being connected to a recoil

" inertia rack.

In a fourth form, the present invention provides a recoil mitigation mechanism for a

25  weapon baving a barrel, the barrel having a muzzle brake including an internal front face
for contact by propulsion gasses to provide a forwardly directed force and thus recoil
mitigation.

In a fifth form the present invention provides a recoil mechanism for a weapon having a

30  barrel with a barrel bore, the barrel having a chamber at a first end thereof and a muzzle
at a second end thereof, the first end being opposite the second end, the barrel bore
having a first rifling extending from the chamber to the muzzle, the first rifling having a

first number of first spiral grooves; there being a second rifling exténding from a location

- intermediate the chamber and the muzzle to the muzzle, the second rifling having a

35 second number of second spiral grooves.



fi'rst number of first spiral grooves; there being a second rifling
extending froma location internediate the chanber and the nuzzle to the
nuzzl e, the second rifling having a 35 second nunber of second spiral
grooves. 4 5 The second nunber is pref%rably equal to or greater than the
first nunber, and may be a whol e nunber multiple of the first nunber. In
the preferred form the first nunber is six and the second nunber is

t wel ve. 5 Th@he seconid aombey istprefarblycemal toor gocites [thapthe first onmbery ayd ofay degas
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second nunber of second spiral grooves |ocated between the first nunber of

first spiral grooves. The second spiral grooves may be equal ly spaced
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axial novenent in the slots in a first direction against the action of a
resilient twistihetigdhe sagneadhe first numbenof fisstopiral groeves gnayrbgcqually spaced andnove
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The drive ppiadgrétves. Fhededindi spitalRasved shy becequsldy spacdil betwedistha firgepiral di e
spring; and the novenents being w thout the pinion gear rotating. The
first dire&fo¥eS-nay be rearwards 25 and the second direction forwards.
Prefergbly, the novenent of the drive neans in the first direction is
with.bdoth a first inertia nass and a second inertia nmass and is at the very
b]?gi nni _nlg O a sixeh foemcth %pfwﬁugm%nﬁbxﬁlpm&idesla_mﬂirﬁﬁmédm ‘_smtinbladiggaa pa_rlt
of recoi ner is absqrbed by the resilient neans {Q njtigate the recoi
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of the six ﬁﬁgsf-ajﬁggg LG > 42 diresth ioreath 2+6,
3+4, 3+5, 1?}{,%6 4%, 4+ H@%@%ﬁnﬁf{ég@?)’sﬁﬁ%ﬁ 1+(gh+, 1+%§J6ﬁ,§u01+3+41:eafli§l§+5,
1+3+6, 1+Aw@ans]during anl infticd stage df4 firing process, and to move in a second direction in

20 response fo the resilient means restoring itself to its rest condition at the completion of

 the firing processes.

The drive means may be a pinion gear and the resilient means a recoil die spring; and the
movements being without the pinion gear rotating. The first direction may be rearwards
25 and the second direction forwards. Preferably, the movement of the drive means in the
first direction is with both a first inertia mass and a second inertia mass and is at the very
beginning of the recoil impulse mitigation action such that at least a part of recoil energy

is absorbed by the resilient means to mitigate the recoil impulse.

30 The present invention also includes all possible combinations of the six forms —
including: 142, 1+3, 144, 145, 146, 2+3, 2+4, 245, 246, 3+4, 3+5, 346, 445, 4+6, 5+6,
14243, 1424, 14245, 14246, 143+, 14345, 14346, 14445, 1+4+6, 145+6, 2+3+4,
2+3+5, 243+6, 2+4+5, 2+4+6, 2+5+6, 3+4+5, 3+H4+6, 3+5+6, 4+5+6, 1424344,
1424345, 1424346, .143+4+5, 143+4+6, 1+4+5+6, 2+3+4+5, 243+4+6, 2+3+5+6,

35  2+4+4+6, 3+4+5+6, 142+3+4+5, 142+3+4+6, and 2+3+4+5+6.



2+3+5, 2+3+6, 2+4+5, 2+4+6, 2+5+6, 3+4+5, 3+4+6, 3+5+6, 4+5+6, 1+2+3+4,
1+2+3+5, 1+2+3+6, .1+3+4+5, 1+3+4+6, 1+4+5+6, 2+3+4+5, 2+3+4+6, 2+3+5+6,
35 2+4+4+6, 3+4+5+6, 1+2+3+4+5, 1+2+3+4+6, and 2+3+4+5+6. 5 5 Description
of the Drawings In order that the inventd on may be fully understood and
readily put into practical effect, there shall now be described by way of
non-limtative exanple only a preferred enbodi ment of the present
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i nerti s m9aFik t1 aﬁ@cm | rrpul se by si nul taneousl y nmovi ng tvvo
di fferent I ner sses |n opposr te directions. 30 The two inertia nasses
are a boItFm’:‘nmkund eative viemeofithareceil kneftia raticofiguresjband 2r ack has

integral therewith or securely attached thereto a housing 23. In the
housing 23 is :
‘Description of Preferred Embodiment

20 For the sake of consistency, the muzzle end of the weapon will be called the front, and
the stock end will be called the rear. Although the parts of the weapon shown are of a 40
mm high velocity grenade launcher, the present invention may be used with other devices
having weight and/or recoil mitigation problems. Only those parts of the weapon relevant
for the recoil mitigation mechanism of the present invention are shown, for the sake of

25  simplicity.

As shown in the drawings there is a recoil impulse mitigation mechanism that uses two
inertia masses that reduce the recoil impulse by simultaneously moving two different
inertia masses in opposite directions.

30 |
The two inertia masses are a bolt gear rack 1 and a recoil inertia rack 2. The bolt gear
rack has integral therewith or securely attached thereto a housing 23. In the housing 23 is
located the firing mechanism, generally designated as 19.

35 A motion transfer apparatus such as a pinion gear 3 is located between and operatively
engages both the bolt gear rack 1 and the recoil inertia rack 2 so that movement of one
will cause movement of the other. The pinion gear 3 is preferably of substantially the



located the firi ng nmechani sm generally designated as 19. 35 A notion
transfer. apparatus such as a pinion gear 3 is |located between and

operatively engages both the bolt gear rack 1 and the recoil inertia rack
2 so that novement of one wll cause myvement of the other. The pinion
gear 3 is preferably of substantially the 6 5 sane width as recoil inertia

rack 2 so the gear teeth on pinion 3 can engage teeth 40 under recoil
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Two parallel and axially extending recoil springs 4 are mounted on the upper surface of

" the recoil inertia rack 2. At their rear end the springs 4 are securely attached to the recoil

25  inertia rack 2 by a lug 20. At the front end they are securely attached to an end plate 21
that forms part of, or is securely attached to, body 22. Body 22 is securely attached to a
barrel 16 adjacent the front thereof. Body also constitutes a forward movement limitation

for bolt gear rack 1 in that the bolt gear rack 1 will contact body 22 at the limit of its
forward movement. Similarly for the end plate 21 and recoil inertia rack 2, the recoil

30 inertia rack 2 contacting end plate 21 at the limit of its forwards movement. This
provides a forwardly-directed force that assists in recoil impulse mitigation. Although
springs are shown, and other suitable resilient means may also be used, For example, a

closed pneumatic or hydraulic cylinder with a small accumulator.

35  The firing mechanism 19 includes a two-part bolt - front bolt 6 and housing 23. A firing
pin 7 is located within the housing 1 and obtains its striking energy from a firing pin
spring 8. The firing pin 7 is held in a retracted position by a release pin 9 until a firing pin



provides a forwardly-directed force that assists in recoil inpulse
mtigation. Al though springs are shown, and other suitable resilient neans
may al so be used, For exanple, a closed pneumatic or hydraulic cylinder
with a small accunulator. 3:5 The firi ng,]machani sm 19 includes a two-part
bolt - front bolt 6 and housing 23. Afiring pin 7 is |located within the
housing 1 and obtains its striking energy froma firing pin spring 8. The
firing @i n cam 40 s the receiver dogdy (aa thpwn) rdleasesbt}leaelueeqeaase? thius) egahlingi the o
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under the effect of spring S. Before firing, the front bolt 6 and the
housi ng 23 are held separated by a bolt lever 11 pivotally nmounted with
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to pivot 1ases theholflavesito the Pﬁﬁlﬁorzeh%arhsmgﬂw& befpredliningst when thefinger 23

ralseflngq (v the front bolt 6 to nove rearwardly so that
the front gfggagir%aﬂﬁgﬁanpac on the housing 23 during the firing processes.
When the weapon is prepared for firing (i.e. cocked) the bolt gear rack 1

is d f 20 Th 3th t t I
Lhe oo | A bt igver bR 13 5nthd inaciner 1008 atabowh) detiupiet the DR Jeice ] o phRs
conpr esges lfmuﬁ@ﬁw ﬁ@adélggxsﬂﬂxe%ﬁ%éiadfs A3 %rm&r@?gﬁﬁg ggmtfaﬁqllé&ftge?ﬂ of

recoil inertia rack t he recol | rtia rac bol t
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t hat opera? v.el él?nnects to a gas passage 34 in body 22. Passage 34
passes gas €, W%P?CSWI i nder 35 behind a recoil piston 15 so the
gasses can nove the piston 15 forwardly. Piston 15 has a recoil piston rod
17 operatlvely onnect ed thereto at a front end of rod 17. Rod 17 has its
rear end op¥hen theaveppenisenased for Siring €ios. icorked) thecboltgerr rack d is muved duliyar d
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to the limit of its movement. This compresses the recoil springs 4. A sear lever 14
~ engages an end step 37 of recoil inertia rack 2 to hold the recoil inertia rack 2, and thus

the bolt gear rack 1 and housing 23, in position.

25  Barrel 16 has a gas hole 32 that operatively connects to a gas passage 34 in body 22.
Passage 34 passes gasses to a recoil cylinder 35 behind a recoil piston 15 so the gasses
can move the piston 15 forwardly. Piston 15 has a recoil piston rod 17 operatively
connected thereto at a front end of rod 17. Rod 17 has its rear end operatively connected
to recoil inertia rack 2 so that forward movement of piston 15 by the gasses will cause

30 recoil inertia rack 2 to move forwards. 'i‘his gives a forwards inertia to the recoil inertia

“rack 2 and assists recoil impulse mitigation. The gas hole 32 may be at any suitable
pbsition along the barrel 16. As shown gas hole 32 is approximately 75% along the barrel
16.

35  The barrel 16 also assists in recoil impulse mitigation. The barre] has first rifling 28
extending aloﬁg the barrel bore from chamber 30 towards the muzzle 31. First rifling 28
has a first number of first spiral grooves in the barrel bore. As shown, the first number is



rack 2 and assists recoil inpulse nmitigation. The gas hole 32 may be at any
suitable position along the barrel 16. As shown gas hole 32 is
approximately 75% al ong the barrel 16. 35 The barrel 16 also assists in
recoil inpulse mtigation. The barrel ha? first rifling 28 extending al ong
the barrel bore fromchanber 30 towards the nuzzle 31. First rifling 28

has a first nunber of first spiral grooves in the barrel bore. As shown,

the first nti%bAt aipsedstermineillocation alopg dbiebarrelilGetheteds atldaha s¢cond rifling BAr r el
16, th i.s add d rifling .29 havi d nynb f, d
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rifling 29 aRdare ainemally spaced fem each other, padsths firss spiral groovessage 34 ‘and
thus cylinder 35. This will assist the piston 15 in its forward novenent
and thus assist in 20 recoil inpulse mtigation. The forwards novenent of
the gasses Thedocativniofithe ¢dnmentietieniodfi the seebnd Hlinge290dah Hermaricd cPrefepablly) it he

gasses contactin i pternal fro face .33 of , nuzzl e brake 18, and due to
B e eay holf 2
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- mitigation of the recoil impulse due to the gasses contacting an internal front face 33 of

muzzle brake 18, and due to the forward force generated by the slowing of the projectile

due to the second rifling 29.

(D

25  When the weapon is triggered, the sear lever 14 releases from the end step 37 of the

recoil inertia rack 2. The recoil inertia rack 2 is then forced rearwardly by the springs 4.

" Sear lever 14 slides along a relatively smooth track 38 on recoil inertia rack 2.

Simultaneously, the bolt gear rack 1 is moved forwardly by the pinion gear 3. The front

. bolt 6 moves forwardly with the housing 23 and de-links a round from the round feed

30 mechanism (not shown). The round is fed into the chamber 30 by the front bolt 6 that

remains in contact with the round until firing. When the round is sufficiently located in

 the chamber 30, the bolt lever cam 12 unlocks bolt lever 11 and the firing pin 7 is
 activated by the firing pin cam 10 to strike the round primer.

35  When the firing pin 7 strikes the round primer, the front bolt 6 is still moving forwardly,
This is known as advance primer ignition and is when firing occurs before the front bolt
comes to a complete stop. At this instant the propellant gasses generated by the firing



Si'mul taneously, the bolt gear rack 1 is noved forwardly by the pinion gear
3. The front bolt 6 noves forwardly with the housing 23 and de-links a
round fromthe round feed 30 mechani sm (not shown). The round is fed into
t he chanber 30 by the front bolt 6 that _ remains in contact with the round
until firing. Wen the round is suffi0|3ntly | ocated in the chanber 30,
the bolt |lever cam 12 unlocks bolt |lever 11 and the firing pin 7 is

activated pyopehthe projeatide from theacarﬂ:idge and tpropiebthe lvartnidgercarpardhe (to thE etheln t he
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t oget her rearwardl e conversion of the forward novenent of bolt gear

rack 1 to mwéanmmckﬂuemcﬂqﬁ@mdlyapwwngﬂmmnﬁ4 irpthe preacgss. This

t hereby pr es a of h c0| e to ni.on
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the recoi I Pioyide:a frthey forwardbndisected forre tg| alsoemitigate she pacoil impulge. fWhem
f it i1 15
FocorT 1 e fecbf ey ek 3Sobtlord eAPpifled125F 10y 14 Efilhts Bl naﬁﬁéggeﬁ%ﬂi end

step of t hinertiayack 2 at the ead of thaedcoll idrtid ek @nd of the recoil inertia rack 2.

At the start of the novenent of the recoil inertia rack 2, the pinion gear
3 wll nove against the action of the recoil die spring 5 as is described

above. Not AP/ st QF tﬁé‘in%v l%QntrBftthgi‘éc%ﬂsiﬁEﬁa%ckt i‘ethé gé%@?vﬁ??d%t 't

al so reduces the potential force being exerted on ft e te pi ni on
gear 3, bowéﬂw acztmh thhaNd:Odehalspnmg\érasuadamlbett abanee Not loplysdaes thisver 14
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conbi n Ed asit thérteeth of the pinion gear 3, bolt gear rack 1, and recoil inertia rack 2.

When the sear lever 14 engages the end step 37 of recoil inertia rack 2, the recoil cycle is
completed. The recoil impulse (or force or energy) is neutralized by the combined action
25  ofthe:
.. (a) opposing movement of the front bolt 6 and the bolt gear rack 1 (via housing
23);
(b) recoil inertia rack 2 compressing the recoil springs 4;
. (c) pinion gear 3 compressing recoil die spring 5;
30 (d the forwardly directed force from the slowing effect of the projectile induced
by the second rifling 29;
(e) the forward movement of the recoil piston 15; and
(f) the impact of the propulsion gasses on the internal front face 33 of muzzle
brake 18. .
35
Whilst there has been described in the foregoing description a preferred embodiment of
the present invention, it will be understood by those skilled in the technology that many



25 of the: (a) opposing novenent of the front bolt 6 and the bolt gear rack
| (via housing 23); (b) recoil inertia rack 2 conpressing the recoi
springs 4; (c) pinion gear 3 conpressing recoil die spring 5; 30 (d) the
forwardly directed force fromthe slomjn@ effect of the projectile induced
by the second rifling 29; (e) the forward novenent of the recoil piston 15;
and (f) the ippact of the propul sion gasses on the internal front face 33
of muzzl% gns| i detgls\oef] design ton sorstietiorhmay be enadei withbut depianing frosothieng
descriptioq%@mﬁ%gégﬁr d enbodi nent of the present invention, it will be
under st ood Dy '% "Iled in the technology that many 10 s variations in
details of design or construction nay be nmade w thout departing fromthe
present invention. The present invention extends to all features disclosed

ei t her si ngthespresenbinvestion extends ¢o &l featupesr disclared eitler aimguladytor imall possiblé 1 5
The cIaims.Pe;m . ol mhtigarion nechanismincluding a first nass adapted
to be nove |nut§ﬁ&f')i&(r:ésytdco bﬁﬂeagﬁ‘%n as a result of a firing action, and a
second nmass adapted to be noved in a second direction as a result of the
firing action; and wherein the first mass is caused 10 to contact the
second mass and to change the direction of novenent of the second nass to
the first direction to thereby mtigate a recoil inpul se generated by the
firing action. 2. Arecoil mtigation nechanismas clainmed in claim1,
wherein the first mass is a front bolt and the first direction is
rearwards. 15 3. A recoil mtigation mechanismas clainmed in claiml or
claim2, wherein the second



mass is a bolt gear rack and the second direction is forwards. 4. A recoi
mtigation mechanismas clainmed in claim2, wherein the bolt gear rack

i ncl udes a housing, the housing being that part of the bolt gear rack
adapted to be contacted by the first Mags. 20 5. Arecoil mtigation
mechanismas clainmed in claim4, wherein'the housing contains a firing
mechani sm the firing mechanismincluding a bolt |ever pivotally nounted
wi th respebhealaimshe housing to maintain the front bolt and the housing
separated. 6. Arecoil mtigation nechanismas clainmed in claimb5, wherein
the bolt lever includes a front finger for engaglng the front bolt to
mai ntain thg ?@fb@éﬁhhﬁgano&%gohmﬁshq{i&h& HfirGtah ﬁJh din
claim6, wherein there is provided a bol Iever sprlng to bras t ol t
lever to a podirestion asireresult pea firingtaction;gad aceepndauass adaptéd tonbe mowved iBa A

I t I 7 wh bol.t |
o abl e 1o attuaenRY §R oEolheTne tefof i bl g Steioadir b,
Spring 100 rai §cértaithé ktBRA masP aidtoréHaBpe tﬂwfeeeaﬁ ofRbberhéht ra?\fﬁe sghaar dly
so that the front bolt can inpact on the housin llg‘mclurln the firing

processes. 9. mass tocthe firstidireefiom; to thenehytmitigateai megiliipule gencratod by Waes Sringlapt ed
to be noved i first direction as a result of 'a firing action, a third
mass driven by a drive nmeans in consequence of novenerit in the second nass
inthe firs mmemlﬁﬁﬁganbhmebmmmsim%aiﬂaeﬁaﬂmdwhetaﬁm@ﬁ@tmgsq@afmm
direction agagag he actlon of, at | east one resilient nmeans to absorb
energy of ar cqommwarim 1111111111111 1111111 INL Ms 12

5 10. Agrecpi ’Uf'%m

secondAlmass |lgll&%d ?ﬂ&%ﬁgnﬁ?egg Iﬁésdziéo dln(rng‘lcl on |s\p¢l§&%a%38‘tﬁ?ll. A

recoil mti gammsndnolt@eamclamddhasmdddmembnusnﬁoﬁvards cI aim 10 wherein the

first dlretlon iI.s r.earwar ds .and t he s,s I.S rec iLnertia . rack.

12. A recoi E"F@‘i ifgatipn mechansm,as ¢lAtm, 4y WHEREID, ecll"gﬁ geargagk, 11,

wherein the includes a housing, the housing being that part of the bolt gear rack adapted to be
contacted by the first mass.

20 5. Arecoil mitigation mechanism as claimed in claim 4, wherein the housing contains a
firing mechanism, the firing mechanism including a bolt lever pivotally mounted with
respect to the housing to maintain the front bolt and the housing separated.

6. A recoil mitigation mechanism as claimed in claim 5, wherein the bolt lever includes
a front finger for engaging the front bolt to maintain the separation.

25 7. Arecoil mitigation mechanism as claimed in claim 6, wherein there is. provided a bolt
lever spﬁng to bias the bolt lever to a position where the front finger engages the
front bolt.

8. A recoil mitigation mechanism as claimed in claim 7, wherein a bolt lever cam is able
to activate the bolt lever against the effect of the bolt lever spring to raise front finger

30 to allow the front bolt to move rearwardly so that the front bolt can impact on the
housing during the firing processes. |

9. A recoil mitigation mechanism including a second mass adapted to be moved in a
first direction as a result of a firing action, a third mass driven by a drive means in
consequence of movement in the second mass in the first direction, the third mass

35 being driven in a second direction against the action of at least one resilient means to

absorb energy of a recoil impulse.
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10 ‘drive means is a pinion gear. 13. A recoil mtigation nechani sm as
claimed in any one of clains 9 to 12, wherein the. resilient neans is at
| east one spring nmounted to an upper surface of the third mass. 14. A

recoil mtigation nechanismas clainmed ifj claim 13, wherein the at | east
one spring is a pair of conpression springs having a-rear end thereof
attached to a top surface of 15 the recoil inertia rack by a lug, and a

f or war d %endl® Hefesoll mitigationanechanism asrelnimed ireclaim 9, wherdin the senondimassds a

barrel. 15. A il mtigation chanismas ¢laimed in claim12, wherein
t he pinion geg{’ﬁﬁgﬂrﬁfgﬁ?ﬁﬁe%@ﬁo%@ﬁ °ﬁ8?bsf?°{vﬁaé pi ndl e being mounted in

el ongat e holle tedoid niitigAivh médpisMOas| PiimeB i€ CRth o & Qdiln’ 80, WIRE&h Thd BrsdD
axial direction, the novenent in the first 20 direction being to conpress

a recoi |l die §pestiog is egrwards anddhe thindimags iy areceikinertisirack.i ncl udi ng a body
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propul sioon gadfesmeansds b gidod geay.| | nder, the gasses entering the recoil
cyl i nder b\e,\t}id d a,ieqoi |, piston to force the piston in a forward direction
to 25 pro terel! paligAtion mechasm g5 claimed in anyoe of glaimy A to 42, whereiathe m as

clainmed in clgi 5 i bd il ' -
operatively cgdr?{r?g#?gg%? ﬁéegc'elgagﬁﬁ%ﬁggéog %&?g@%ﬁ@%r el ng%gglgﬁ}égf@asst‘o a
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a barrel, the,barrel_ having, a 30 zzl e brake including an internal front

face for contS@PaKotsogLession sprngshexing & reqyendithrreof attached toip Jopisurfase of
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end thereof abelysenurabledo abamelsecond end thereof, the first end being
opposite the second end..the barrel bqr.e havi first . rifling extending
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housing for movement relative thereto in an axial direction, the movement in the first

20 direction being to compress a recoil die spring.

16. A recoil mitigation mechanism including a body attachable to a barrel, the body
having a gas passage therethrough to receive propulsion gasses from a gas hole in the
barre] and to pass the propulsion gasses to a recoil cylinder, the gasses entering the
recoil cylinder behind a recoil piston to force the piston in a forward direction to

25 provide the recoil mitigation. ' .

17. A recoil mitigation mechanism as claimed in claim 16, wherein the recoil piston has a
piston rod operatively connected thereto, the piston rod also being connected to a
recoil inertia rack.

18. A recoil mitigation mechanism for a weapon having a barrel, the barrel having a

30 muzzle brake including an internal front face for contact by propulsion gasses to
provide a forwardly directed force and thus recoil mitigation.

19. A recoil mechanism for a weapon having a barrel with a barrel bore, the barrel having
a chamber at a first end thereof and a muzzle at a second end thereof, the first end
being opposite the second end, the barrel bore having a first rifling extending from

35 the chamber to the muzzle, the first rifling having a first pumber of first spiral
grooves; there being a second rifling extending from a location intermediate the

—_
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13 5 chanber and the nuzzle to the nuzzle, the second rifling having a
second nunber of second spiral grooves. 20. A recoil mtigation nechanism
as clainmed in claim19, wherein the second nunber is equal to or greater
than the first nunber. 21. A recoil mtigation mechanismas clained in
claim19 or claim20, wherein the 10 selgond nunber is a whol e nunber _
multiple of the first nunber. 22. A recoil mtigation nechani smas clai ned
in any dne of chamberand the rouzze tothe myizrle the sechnd sifling having 4 scaidaanisertofe
second nunber _i ?FE‘EWEI e. 23. Arecoil mtigation nechanismas clainmed in
any one of cl &9 i@m}(m,es'v\herei nthe location is forwardly - adjacent a

gas hol e i (. Aerebsil frifigatibh néhaniseh 86 Slhimediih cRfh 19N whGERAR ﬁ&?ﬁh Ljgd in
ong e ba

any one of clainms 19-to 23, wherein the location 1s 75% a rrel .

25. A recoi | Aqual tpen sseatendbaruihe Sinst aumberai med in any one of claims 19 to 24,

wherein th fal al £l | o the second ri.flin ch have, a hreak of

twi st that ezllsAt #%B%amé'.g% ﬁ%’g‘i’a&‘, i at“Pﬁéln? S#ﬁe@&m’g}wlﬂ’ (?Y%ff‘ﬁﬁc}ﬁ?n any
one of gl ai Msséd8nd Aumber ivA WholehuimbRr meflipid 6&the AtWhanb&! first spiral
grooves are equally spaced. 27. Arecoil mtigation nmechanismas clained in

any one of %2 &iTkeoilmitiggtion meghanisst s elpigeddn ennonewfitiaimsds te 3t.oniereipithel *
grooves are !ﬁ&‘?h&rﬁb%&%‘g%ﬂdmese&x{dsu }%E&gﬁg first spiral grooves. 28.

A recoil mtigation nmechanrsmas clalm i m27, wherein the second
i piral | 25 2Gr Aaeenil mﬁbgaﬁqmﬁebbanm?ss;aaih@a\hgaﬁy biieoff dldifis 1916 Q%I WS RS - d|29-
recoil mtigation nechapi sm.ncluding. a drive nmeans nmounted on a spindl e,
the spindle s?tmj“ﬁg%magﬁymdlmhgawﬁm@ebw% housi ng for axi al
novenens i N4t RGesilhitigatibn ! | ' | i ' i
resilient n'eansegiur_i nggaan fﬁr%a%l a %t%ge g?ﬁlgﬁg@e{ﬁcé&l%rggggég?’r\gﬁr)l%e_lﬁéhermve
in a second diocatiomiisdSYoralongthobareelt 0 the resilient neans 30 restoring
l.etion of processes. 30.

itself to i t. condj.ti t.th firi
A T ocoi | 201 BATT B P fo B ih B o R L R TSR R o
means is a  pfilt Aflingoad H Woéddifling bAdhMabe HBRAE of fvis thAtGOk sthe SPTing.

26. A recoil mitigation mechanism as claimed in any one of claims 20 to 25, wherein the

20 first number of first spiral grooves are equally spaced.

27. A recoil mitigation mechanism as cléimed in any one of claims 19 to 26, wherein the
second number of second spiral grooves are located between the first number of first
spiral grooves.

28. A recoil mitigation mechanism as claimed in claim 27, wherein the second spiral

25 grooves are equally spaced between the first spiral grooves.
- 29. A recoil mitigation mechanism including a drive means mounited on a spindle, the
spindle being mounted in elongate slots in a housing for axial movement in the slots
in a first direction against the action of a resilient means during an initial stage of a
firing process, and to move in a second direction in response to the resilient means
30 restoring itself to its rest condition at the completion of the firing processes.

30. A recoil mitigation mechanism as claimed in claim 29, wherein the drive means is a
pinion gear and the resilient means is a recoil die spring.

31. A recoil mitigation mechan_ism as claimed in claim 30, wherein the movements are
without the pinion gear rotating.

35 32. A recoil mitigation mechanism as claimed in any one of claims 29 to 31, wherein the

first direction is rearwards and the second direction is forwards.

A



31. Arecoil nitigation mechanismas claimed in claim30, wherein the
novenments are wthout the pinion gear rotating. 35 32. A recoil mtigation
mechani smas clainmed in any one of clains 29 to 31, wherein the first
direction is rearwards and the second dijection is forwards. 11111111111111
Lerit et 121001 CLMS 14 5 33, recoil mtigation nmechanism as
claimed in any one of clains 29 to 32, wherein the novenent of the drive
means i rf t h#3.fA resoil mitigationanechanisital clairiéd in dny ose of clainisi 29 t0BRs whertin the

cond inertia m ig.at the, begi nni ng of .the recopil i I
it gat| on - odivamealhg Frife meats i e tifieptonnS pth o o R yiaheBbe
by the resili @niecfPirtialmadyl dndG8 e tHeNRery 864 :#in% %Pu{esx%wiﬂﬂxéaﬁse éi%%%h' .
d in any one of cfains 1 to I n conbl nati on

i)

mtigation mechanismas claine
wi th the recoiattion such4hatah leastchpart efreasil ehexgyriscabisorbedby dheeresilient means t8 t o

15. 35. A recql.l. mtigati. chanismas clainmed in any one of clains 1 to
8 in combinati qgi%\}l}e%e?%giﬁ}pglf% I mtigation mechanismas claimed in claim
16 or cieai 4L A red6il mfitigiof nhechhdid al bRindIER RAP b b Aaifls Al tHB%n cOnidihatioRe ©Of -

clainms 1 to 8 in conmbination 15 with the recoil mtigation nechanism as
clai med in cl aviththerecgi} mifigatiop snachanism g clairedrin ahpponesoficlaims Pao #8d i n any

one of cl aiqes lnation. wth.the recoll .mtigation chani sm
as cl ai med ﬁA;Tﬁk&(l)ﬁléﬁ%fu%grﬁgﬁc if’éa? 81%% 3gny ﬂner%tlc%?lwsbdtgi g‘ﬁtcf’ﬁ'ﬁ?%%ani sm
as clai nmed i nwathithefeoid nitigatiofinebhirisrS a Sla@idith BRirh 26 or Waink'17.he recoi |
mtigation chani.sm as clained in any one of clains 29 to 33. 20 39. A
recoi | muﬁmﬁp B feghanisoa pselaimed in ayy enofislaims 4iten8 i combirstiom

conbi nags on W,k - Lt o Is laimed in claim- 16
or cl aialtr% 17. t@ %ﬁfé%%é%%%@ﬂéﬁﬂﬁg@%%pﬁnm@g‘ai med in any one of
claims 9 t @714 recoil mitigation reohaniént bs élhimedds any ome ¢f dlidink o 8HE Bambidtias
clained in clai t%es' 2'1? 41. Arecpil mtigatigon nechani smas clained in any
one of claims ¥eEoi{ mitigatinp mechanism a3 ¢lamed dn angtonelof glaimsy; 19 ta?8. nechani sm

as cl ai med 380 AdBYoiPARigation itbhhishPas claimed in any one of claims 1 to 8 in combination

with the recoil mitigation mechanism as claimed in any one of claims 29 to 33.

20 39.A recoil mitigation mechanism as claimed in any one of claims 9 to 15 in
combination with the recoil mitigation mechanism as claimed in claim 16 or claim
17.
40. A recoil mitigation mechanism as claimed in any one of claims 9 to 15 in
combination with the recoil mitigation mechanism as claimed in claim 18.
25 41. A recoil mitigation mechanism as claimed in any one of claims 9 to 15 in
combination with the recoil mitigation mechanism as claimed in any one of claims 19
to 28,
42. A recoil mitigation mechanism as | claimed in any one of claims 9 to 15 in
combination with the recoil mitigation mechanism as claimed in any one of claim 29
30 to33. |
43. A recoil mitigation mechanism as claimed in claim 16 or claim 17 in combination
with the recoil mitigation mechanism as claimed in claim 18.
44. A recoil mitigation mechanism as claimed in claim 16 or claim 17 in combination
with the recoil mitigation mechanism as claimed in any one of claims 19 to 28.

35 45. A recoil mitigation mechanism as claimed in claim 16 or claim 17 in combination

with the recoil mitigation mechanism as claimed in any one of claims 29 to 33.
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t-0 28. 42. A recoil nmitigation mechanismas clainmed in any one of clains 9
to 15 in conbination with the recoil mtigation nmechanismas clained in
any one of claim?29 30 to 33. 43. Arecoil mtigation mechanism as cl ai med
inclaim16 or claim17 in conbination 1¥vit.h the recoil mtigation
mechanismas clainmed in claim18. 44. A'fecoil mtigation nechani sm as

claimed in claim16 or claim17 in combination wth the recoil mtigation
mechani $m #6. Al recoibunitigatiom peohemisnf ax¢laiimed in olain 1348n casbinagtionwith ths tecoil

T
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