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in summary, no system exists which addresses the problem of deceleration of upward velocity and
which uses recoil means to optimise stability in a way applicable to lightweight towed howitzers. It is the
solution of these and other problems to which the present invention is directed.

40 Summary of Invention

Therefore, it is the primary object of this invention to provide a system for providing improved weapon
stability for gun systems.
It is another object of this invention to provide a system for providing improved weapons stability for

45 towed ariillery.

It is still another object of this invention to provide a weapon stabilizing system for use with lightweight
artillery.

It is still another object of this invention to provide a weapon stabilizing system which imposes a
transient stabilizing moment during time of high destabilizing recoil loads.

50 It is yet another object of this invention to provide a weapon stabilizing system in which the transient
stabilizing moment is tailored fo overcome the destabilizing recoil loads to assure that the weapon never
lifts off the ground.

It is yet another object of this invention to provide a weapon stabilizing system which does not rely
solely on the static moment of weapon weight about the frail ends, so that a lighter structure can be

55 employed without fear of instability.

The foregoing and other objects of the invention are achieved by the features of claim 1, i.e. by
provision of a gun system having a fixed carriage and which remains relatively fixed during the firing cycle.
A recoiling cannon assembly is movably mounted in relation to the cradle so that the cannon assembly can
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and: t he -shape of the gui deway or recoil path can be matched to optim se
stability. U S. Patent No.439,570 to Anderson and U. S. Patent No. 463,463 to

Spi 'l er disclose "disappearing" upipy after being fired, rotate
vertically so that they descend behind a wall. This motion is caused by
recoil. Anderson and Spiller:also do not solve the problem of |ightweight
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the prefiring oridnitation of'the”Cannon assembly at the beginning of recoil. The curved configuration portion
of the first stage preferably has a portion of decreasing radius of curvature in the direction of recoil travel.
The second stage of the two-stage curvilinear recoil path may be either linear or curved in either the same
30 of the opposite direction as the first stage, or a combination of these, as necessary. If curved in the same
direction as the first stage, the second stage will have a shallower curve than that of the first.

The campath which defines the configuration of the two-stage curvilinear recoil path will have a curved
portion corresponding to the first stage of the curvilinear recoil path and a straight or differently curved
portion or a combination of both straight and differently curved portions, corresponding to the second stage

35 of the curvilinear recoil path. The campath mechanism can be fixedly mounted on the cannon portion, with
the .cam follower mechanism fixedly mounted on the carriage portion, or the campath mechanism can be
fixedly mounted on the carriage portion with the cam follower mechanism being fixedly mounted on the
cannon pottion.

A better understanding of the disclosed embodiments of the invention will be achieved when the

40 accompanying detailed description is considered in conjunction with the appended drawings, in which like
reference numerals ore used for the same parts illustrated in the different figures.

Brief Description of the Drawings

45 Figure 1 is a right elevational view of a light weight towed Howitzer incorporating a first embodiment of
the stabilizing system of the invention;
Figure 2 is a partial, top plan view of Figure 1;
Figure 3 is a partial perspective view of the mounting mechanism of the cannon shown in Figure 1;
Figure 4 is an exploded perspective view of a.right side roller set and campath of the mounting
50 mechanism shown in Figure 3;
Figure 5 is a perspective view of a loft side roller set and campath of the mounting mechanism shown in
Figure 3;
Figure 6 is a cross-sectional view of the stabilizing system, taken along line 6-6 of Figure 1;
Figure 7 is a top plan view of Figure 6;
65 Figure 8 is a partial, right elevational view of a light weight towed Howitzer incorporating a second
embodiment of the stabilizing system of the invention;
Figure 9 is a top plan view of Figure 8;
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40 have termed it "curvilinear” in contrast to conventional straight-line or "rectilinear,” recoil motion.

The application of a vertical upward force to the recoiling parts causes an equal and opposite downward
reaction force on the non-recoiling parts in accordance with Newton's Third Law. This downward reaction
supplements the gravitational force, and acts as a stabilizing moment about the trail ends, permitting recoil
loads to be higher without an unstable condition resulting. The vertical force on the recoiling parts results in

45 an upward velocity, and this velocity must be returned to zero by the end of the recoil stroke. This results in
a two stage recoil cycle, which is described with respect to a lightweight towed 155 millimeter Howitzer
incorporating a first embodiment of the invention.

Referring now to Figures 1-7, there is shown a conventional lightweight towed 155 millimeter Howitzer
10 modified to incorporate a first embodiment of the stabilizing system of the invention. Howitzer 10

50 comprises a conventional stationary carriage 12 supported by conventional left and right wheels 14 and 16
and conventional left and right trails 18 and 20. A cradle 22 having left and right sides 24 and 26 held
together at the top by cross members 27 and modified according to the invention as will be described in
greater detail hersinafter is pivotally mounted on carriage 12. Cradle 22 is rotated up or down by a
conventional balancing/elevating mechanism, shown here as left and right pistons 28 and 30.

55 As shown in Figure 1, a cannon 32 having a longitudinal tube axis A is mounted in cradle 22 for
reciprocating movement between a first, forward and downward position (solid lines) and a second, rearward
and upward position (dashed lines). Most of the recoil energy is absorbed and the cannon is returned to
battery by a conventional recoil recuperator mechanism, such as left and right recoilirecuperator cylinders
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normal force is generated by the action of roller sets 54a and 54b and 56a and 56b attached to the recoiling
parts on curved campaths 64a and 64b and 66a and 66b, which are part of non-recoiling cradle 22.
The hydropneumatic recoil system (i.e. recoil cylinders 34 and 36) brakes ihe recoiling parts along tube
30 axis A. When the recoil velocity has been reduced to an appropriate level by the recoil system, the recoiling
parts will have both a small axial and small normal velocity. At this time (stage It), the high initial recoil force
is reduced, and simultaneously the tube-normal force is removed by straightening campaths 64a, 64b, 663,
and 66b. Gravitational forces, plus a small component from recoil/recuperator cylinders 34 and 38, and a
possible small contribution from the campaths 64a, 64b, 66a, and 66b, slow the recoiling parts to rest in a
35 tube-normal direction by the end of the recoil stroke, as shown in Figure 13.
More specifically, as Figure 12 shows, the interaction of the cam followers (i.e. roller sets 54a, 54b, 56a,
and 56b) and curved campaths (64a, 64b, 66a, and 66b, respectively) causes the center of mass of
recoiling parts to follow a like curved path. A centrifugal force is generated whose magnituds is

Rinst

45 and whose direction is along the local radius vector. Vi is the instantaneous velocity of the center of mass
of the recoiling parts. Ry,s; i$ the corresponding radius of curvature of the campath at the point of contact
between roller sets 54a, 54b, 56a, and 56b and campaths 64a, 64b, 66a, and 66b, respectively.

When fired, the specific combination of projectile and propelling charge will produce a predictable firing

recoil impulse, determinable by testing of the specific combination of projectile and propelling charge or

s¢ through tables. This in turn will cause the recoiling parts of the gun to move rearwardly at a predetermined
velocity, likewise determinable by testing or from tables. The recoil system causes this velocity to be
diminished in a controlled manner by applying a retardation force, determined by choice of the orifice size
through which the recoil working fluid is forced. Again, the retardation force is determinable either by testing

of the cylinder or through tables. In this manner, the force applied by the recoil system is known and

55 predictable at any point in the recoil stroke. Additionally, the remaining velocity of the recoiling part is also
known and predictable. The overturning moment is thus known and prediciable at all points in the recoil
stroke.
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configuration; Figure 17 is a di agrammtlc representation of the forces
acting on the cannon assenbly; Figure 182; s a diagrammatic representation
of g e forces acting on the cRimisag® &h¥dretl e assenbly: 15 Fi gures 19a
19c are free body di agrans of the canné’n showi ng the forces acting on the
cannon; Figures 20a and 20b are vector diagranms show ng the forces acting

OR-t Neyn RS RARrer, AR "y SbbaRateslof e%c@ogeaa{abmp bteb! 6 R b&%@ée@é‘rﬁm@&for kpng and
short  Edae&pohdiig vﬁh&l&&c“&ﬁbd-&ua@cﬁfr&ﬁ&sp otting nonents versus recoil tine;
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Ver susditeetdoi(dorrhad fgtuby axfsi A) ahein2de xS digeciingfibngtitRveixia @). tHath cmihfasc\teloerfiasohaf ge on
st abi | bet rgduced ®.zerody tthecamtl oighorerall sfrakecid somdpatitl ngheBcail Strake,gheagehtrifobab tordens
cannonreduwkdioi & hyemaking v redivsed oirlatire infitita (.o iognphrob caaths 641 66168 3ind 30 becbiney
cannona gkaight EnehtAceridinghe theurecaliag Girts nowngsese; theli wawaed Rgeldrafion, e apdail g¥stam i ng

t rack epives pepelyia opetiedetpraation ros; evarepirPiging tRgeqolingipais Apfestn beth rfhnng ecoi |
hei ghta'¢e¥'s®€%recoi |l | ength. 25 Description of the Preferred Enbodi ments In
t he preséff f"\a'rfﬁ'@'ﬁ'f‘tPB |’P’°°cﬁ'5‘\"s\?F B SRaL{estiekifzing moment, ub s 'P?F“ Hyeh Btdismrbry to a
| i ght V\%’ %&%’Fe"t ‘Ké" e WS'thc?é\g@rc Belgie ‘”ﬁa féﬁr“ H@t dé{'i"1"“?%l ow,

curV|I agm' 'esl 'ap%‘i’q ight

r ear wat;.g'? sa"ci% Sy 45‘21"#1'3;2?,& %“““g@"‘b‘:orwm e\a%ﬁ mﬁ% “‘Zraifti’*'iﬁ %?# ";f’;e%it ffe
taini

recoi | foleb ng ground contract. During the latter part of recoil travel, when the curvilinear recoil force
N has been discontinued, the apparent weight of Howiizer 10 is diminished but ground contact is still

™ maintained.
30 An alternate, equally viable stability solution exists if, as shown in Figures 8-11, the positions of the

campaths and the cam followers are reversed. Thus, referring now to Figures 8-11, there is shown a

lightweight towed 155 millimeter Howitzer 10" incorporating a second embodiment of the stabilizing system

of the invention. Howitzer 10" also comprises a carriage 12, wheels 14 and 16, and trails 18 and 20. A

cradle 22' having left and right sides 24' and 26' and modified according to a second embodiment of the
g5 invention as will be described in greater detail hersinafter is pivotally mounted on carriage 12. Cradle 22' is
pivoted up and down by left and right pistons 28 and 30.

As shown in Figure 8, cannon 32 is mounted in cradle 22' for reciprocating movement between a first,
forward and downward position (solid lines) and a second, rearward and upward position (dashed lines). The
mounting mechanism for cannon 32 according to the second embodiment of the invention is the reverse of
40 mounting mechanism for cannon 32 according the first embodiment of the invention, in that the campaths
are positioned on cannon 32, while the cam followers are positioned on cradle 22'. Specifically, the
mounting mechanism for cannon 32 comprises forward left and right campaths 64a’ and 64b' and rearward
left and right campaths 66a’ and 66b’, welded or bolted or otherwise attached to track support collars 72
mounted on cannon 32. Left and right sides 24" and 26" of cradle 22' are provided with forward left and right
roller sets 54a' and 54b' of twin rollers and rearward left and right twin roller sets 56a’' and 56b',
respectively for movable engagement with forward left and right campaths 64a" and 64b' and rearward left
and right campaths 66a’ and 86b', respectively. Each of roller sets 54a’, 54b", 56a’, and 56b!, consists of
four rollers, an upper twin roller set and a fower twin roller set, housed in a circular housing 74. Placement
of the roller sets in a circular housing is important in that the housing provides the walking beam structure
50 and strength required to make the roller {follower) system work. Circular housings 74 allow the rollers to

stay perpendicular to the resultant tangent of the twin rollers to the campath, as the campath curves and

angles upward or downward.
Choice of the design of either the first embodiment or the second embodiment of the invention does not
affect the function of the stabilizing system, and is dictated by overall weapon design. In a further alternate
56 design, the campath of either the first or the second embodiment can be curved in the opposite direction

during the second stage of recoil; that is, towards tube axis A to achieve a greater retardation in the "y"

axis (the tube-normal direction). Use of this alternate construction is limited by the requirement to kesp

ground contact during the second stage of recoil travel.

&
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Weapon stability requires the balancing of the destabilizing (recoil)
nonment by . an equal and opposi'te stabilizing moment. In conventional t oned
weapons, e.g. an M98 Howitzer whigg &j s4asg4l5, 000 pounds this stabilizing
nonent is derived from grawty acting upon the weapon's nass. In the
| i ght wei ght towed Howi t zer .“t'he weapon wei ght is 9,900 pounds, just over
one- hal f t hat acfill exhes taltel@td des@e thelcariygith otesttmen niss; firbthie” tbseastai dndloli@ent can be
st abi | i zi eugverhimibe sanediealion deing thosadvsd sindsi dhldeyil. Inditsicsel the ounpest ere setdn staduats  Of
t he convettallayaathanibatgbihe firelstage-nvent i on i nvol ves generating an additional
verti cal forsé@zeﬁmh?ﬁx'ﬂraa@iE@@Boﬂaa'sffarﬁﬁ)ﬁwwafor tp fitst eribodimgntroptire mtabilizing system
count erfacffi PiyinteRtionpeastham !“lequ? 1o b Suparimgosingdisisp odereetimeTelings givestd nsh|
force act E"cﬁ 6‘?‘|°'taﬂ%a f%E'BPtI“F reyon- drtegratiprsigads |t‘h© valgeitystirpealigiry. rpsetvebleRtovprtical
both r ear %’a'é?ﬁ uepes the,parizonty gnd Wé“cﬁf'dj'?ﬁ’!i‘f?%"et"b?fn*ﬁ?i it
“curviling nlmg Loks aglg logityptigie if sShoyryia %Quresrfﬁ i flilqRgpd

Iacem 81own re 1 lée (& ;L f th tion (r nted.b S
recoi | "p‘D optne %conladu aé\qé]ef ar?g OVL?OQ eﬁ'eaéo ?%"8 do%ag? gcc%?nqg 4 ng
parts cauwoﬁﬁb essu,i%lstaﬁ& nFBRR S e reaction’ rorc
non-r ecoi | 1 Ay Pkdding! dbsarphie a&wecum.ﬁegr Oa‘dsml m.mn& amEh £.9
reaetion &upg! QKB o (chfpdH RYAibRbh HIAradePhL Goscr®B wafy e%p ﬁs%
monment  abshdin inlFRyules a7] andRdSstabiit§ aBRidvbd MgrelyeCOI | 1 0ads 10 be er w t out

an unstabl e Teo pebcddirgNdiscssith t dnNgabilly Gnd/ @t lesoR| sybtoh CR Wt & e rc%GéRipHeﬁ}QonﬁJ ts

resul ts i govérbingrquations radd theldyeantioy analysisl ateldliDaveal MChddglingLisd gunesykierh e MeSpihddr

zero by tiigd lengs:@he tehaling@odink othbrrfiabde Thelletddling B&dy (hass) Will Reréantr LBtreigrRARE ST

cycle, whicetiages’ Attusityy thb eatriage fishmade s1p ettivo massas bri vgplyhisaing kit dlevatesl(WIE) and one that

mi | 1i et elemplosied dWF). rTbigriptor aliow riey tae pvegentenfifwdianiegrt cenfer bheravitp \agsotiated with

Ref aLr ?%gelwawgtaed fepgaseiRgstha gun. there is shown a conventional |ightweight

towed 155 mi'Mq S?Pérfaé BuLisRNigyaen 1% showai dageenmeticalin inoFigise d6.cTheref are dwo epdsdiekitarent

of the st 'i"? Q?W ﬂ‘é?ﬁ @F“Q"H’é’dF'nT}@ﬁ'ﬁt 518 arpuehiixed cpordinptesgystom ¥y ¢esterpd 4t

convent i o seganddy 2,09919inglq SYREM: (k) MHICh rotpiss witk the omiybe

ri ght gghe{; 'E'bﬁ doﬂ © "P q“g;yé‘i‘? fop otiht repqiling F‘aassiﬁh'%lﬁff“’?@ A

cradl e™2 1@3 Che e°°" hy tgeg?% t]‘i?%@(' g§nten 1of {gpRd ggsp by
tg? e hon tal an ve ical Pl t are

Cross ne ?pre&uv lgaﬁgttf Z dtt is@ E\ not be confused

descr i bedgihi@ iRah oﬂsﬁlo ﬁ' t Q:raﬁﬂoﬁ% ﬁt&rof lgravit}/ <\,/a9 t@ fi dr}@&P ShdrdifheS

12.>Cr adl §stém. i S rot ated up or a-conventiona anC| ng eI evatl ng

mechangesm  SROWS rifié b&disdSard $hbin %BQatély ngd%ssl?%@1 &8 rRMeI iPation of e f%Jaéé’V“

i N Fi gur ehdt, actl be1dEe0hosd2twWd abUARE aAd 1 Mikd RbM thbir ldP af Ioppolitd SfrddP URY Bfhndr

cradl e 22xp@ibndee Girqas @6 ttheGrriagsy paralet to IRt MRSl b tthe rb&dil WidbKthnia Cand Q¥aar d

posi ti on t geltite flonesle spEbricpobBCI0 M, caseesbbwaindrigarel 17DINBEEPROS ipfoviasy ycamhe d

| i nes). N@standH4btdnd Spe el 46b eoretrgnediis carpsibs béchneBb tridcs6a amnean, fespectbi) bded t O

batt er§ Hgre &n¢ afhibe fdresrfepm the caspil mechenisoe isaeforedrie bérans the "raslipoll’ g id 16 sunanid

ri ght red®Mhthe ée@g,lp@ylgg%)( foreg [apch the recugerator force. To simplify the analysis and discussion, all the

forces between the carriage and the cannon are lumped into two force components F, parallel to the tube
and F, normal to the tube. F, and F, are reaction forces that support the cannon. Fy and Fy are equivalent
\1’, to Fy and F; yet based on the ground fixed X-Y coordinate system.
T a0 At zero quadrant elevation F, = Fyand Fy = F,.

Fx = +F,{cos ¢) - F (sin ¢)
Fy = +Fy(cos ¢) + Fy(sin ¢)

45 ¢ = Quadrant Elevation
The criterion for stability can be derived from a consideration of Figure 18. Stability is the condition
when the carriage does not rotate about the trail ends. This condition is satisfied if the vertical reaction on
the firing platform (R2Y) remains positive. R2Y will remain positive and the gun stable if the stabilizing
moment M, remains larger than the overturning moment M,,. At zero quadrant elevation, the overturning
50 moment is the horizontal force F, times its moment arm:

Mov = Fyth + z + hsp) Eq. 1

The stabilizing moment is the vertical force F, and the fixed weights WF and WE times their respective
56 moment arms:

Mg = FAA + B + U) + WF(A + AF) + WE(A + AE) Eg. 2



EP 0 354 242 Bl 34 and 36 pivotally nmounted between cradle 22 and cannon
32. The nounting nechanismfor cannon 32 includes a forward yoke 38
positioned forward of the tube cembess ez gpss and a rearward yoke 40
positioned rearward of the tube center of nass. Yokes 38 and 40 conprise
cyllndrlcal central collars 42 and 44, respectively,-.for supporting and
housi ng Feradddly 32 and 5 forward left and right ears 46a and 46b and
rearward | eft and rlght ears . 48a and 48b, respectively, in the form of

t aper ed Me Yert uF8s® ext endi ng fromeither side of central collars 42 and 44.
Each co % [ que key 50 t0:prevent spinning bet ween the yoke
and the hea?ﬁq{)eﬁ °kﬂ g'ty ‘?HE] ° lpunptRyisetningdhe ke st gonet MectSkey 50. Forward
left ang, % mWncroller sets 54a and ‘54b are nounted on forward | eft and
ri ght ear”é 5 "FMd 455 and rearward | eft and right twin roller sets 56a and
56b are,gpunted on rearward left and ri ght 10 ears 48a and 48b,
respegtively, via stub axles 62. Left twin rollers 54a and 56a preferably
are fl agegy k. i@,yc hayes rectangul ar | ongitudi nal cross-sections, while right
twin rollers 54b and 56b are trapezoidal, i.e., have trapezoi dal

| oy t Udthearerau e FRR Gld, BB fore BRBIeiRidun ST ik 0Nt si des 24 and 26 of cradle
22 are pr ot dlediventidngl rbed bisteth, FElduldaid@qlial Bhle B@pudl(RB! an@ ERGEDS, Wit s@ﬂﬂ:grt 64b,

r espect i elogtion (WRZ)nas it Fegolinp geetphn R Bates Chctirf dorrddd @ e Glie @l drile. AE keto 542
and 54bavadrnt eleNation &k wewldibd eniidl teethelentireyhdollippwadht, @b., Eaapazhs wita and 66b,
respect i valesause the sp\oh NYFy Ve gregWVRds fimitadvia 19000r molubdsy the etabiliigamanndait BGgesatly
respect °9¥P%. Forward and rearward |l eft campaths 64a and 66a have

rect angHII ar cross- sectlons while forward and rearward right canpaths 66a
and>ebb WFNE ARht WEAreABect angul ar with a necked in porti on
at the @&ae%v ‘gﬁ %a' "’% \M:go conTDdate lateral thrust |oads. The precise
ARG VWA

| ocati on®of 'y pended roller sets 542 and 54F|and
56a and 5@8vih§ ggﬁ “I;g pey la?hq conveni ence Wt v$ tl to the overa
veapgj s#eayrgaa.;o WL.Q.{; prt Y .f gﬁgﬁéf [fg=s ecanﬁ‘rfuar n §“°' e
f or war dwi@h réa?ei”‘rs%éﬁft éd. Aé foratin COV@W n r(ilh m reése %]?F%@Bb

64a, 41iarce jatet Wl ayrgt,oh entcal at ons <8Rt St P
first, curved st age and a second, straight st age. Mst of the energ_y of the
reddihng:pmztswmza Ed4/lBe- axi al dlrectlon i.e. along tube axis A is

absosbed 25 during the first stage of the recoil cycle. During t h! S period,
weapon st ahe dpplicptidnf tissSntreasbdlFy asCealiting atceB@tidnlvE the &bl ing Aeétdn hivesShe
cannon @gnogrdiisptasemeniufal and geleatt Na)ih she)z-diractian. Gt Eedest podnin I 18} pdrCof tHaGtrérdp e

axi s A. thiypmelooiy fMaderhust ba teturned togrereeTadceaiiiish thilieF. anpétibe edodedrsaftidiently dawichavba and

54b ancF'QS‘GéAal'erfﬁﬁﬁo B!l dewn eg the sannp lfrFe dsoedivcedyin the latter portion of the recoil stroke as
required, then the overturning moment must also be reduced to prevent instability during this portion of the

recoil. This gives rise to two distinct stages during curvilinear recoil: stage one, defined as the portion of

recoil when the tube normal acceleration A, is positive ("upward"), and characterized by a large tube axial

force Fy (rod pull large) and a commensurate tube normal force F, for stability; and stage two, defined as

w< the portion of recoil when the tube normal acceleration A, is negative ("downward"), characterized by a

40 reduced or even negative tube normal force F, and a necessarily greatly reduced tube axial force Fy (rod
pull small).

In the transition from stage one to stage two, the recoil force is greatly reduced so that during stage
two, the rod pull is primarily provided by the recuperator force.

The dynamic analysis models the gun system as two planar rigid bodies; one recoiling, the other fixed.

45 Both rigid bodies are initially at rest; at time equals zero, the time varying forces from firing impulse is
applied. This accelerates the cannon in the negative U-dirsction while it is being acted upon by retarding
forces from the recoil mechanism as modeled. Any of several firing impulse functions can be applied to the
gun including (but not limited to}) M203 PIMP, M203 nominal, and M119, all matched to the .cannon tube
with 0.7 index muzzle brake and M483 projectile. The recoil force acts to prevent the cannon from attaining

50 free recoil velocity and continues to act to return the recoiling mass to rest.

The cannon is constrained in the cradle to follow a pre-defined curvilinear campath. The path is curved
upward, which forces the cannon to be displaced and accelerated normally to the tube center-line as it
recoils axially. This acceleration "generates™ the force that contributes the stability during stage one recoil.

The magnitudes of F, and F, at all time steps are found by solving the differential equations of motion

56 set forth below for the recoiling mass. Once the dynamic forces are found, the firing loads on all major
components are statically determined at each time step using the known system geometry.

Figure 19a is the free body diagram of the cannon (recoiling mass). From this diagram comes the two
differential equations that describe the motion of the gun system. The carriage is assumed stationary, a
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parts on turved canpaths 64a and 64b and 66a and 66b, which are part of
non-recoiling cradle 22. The hydropneunatic recoil system (i.e. recoil
cylinders 34 and 36) brakes the rep@dsqargeparts al ong t ube 30 axis A Wen
the recoil velocity has been: reduced to an appropriate |level by the recoil
'system the recoiling parts will have both a small axial.and small nornal
vel oci t y.conditiop [shtisfied ifrthe(vettigal diringl piatfotnn eeabtiog IR2) rverbaiias| positheo Simriog ¢ogces $n the u
reduced, difprRiorsyielgs thefieisiifioreptiaf ppvatonbe- normal force is renoved by

strai ghtenl n canEat hs 64a, 64b, 66a, and 66b. Gavitational forces, plus a
smal | co %‘?% %m"f“é@o’ | Fy1QAMBer WRYr cylinders 34 and 36, and a possibl e

smal | o E:u %gp g{ﬁ&?‘ﬁ anp aths 64a, 64b, 66a, and 66b, slow the
recoi | i ng*pa ts Ve N a 5 tube-nornmal ‘direction by the end of the
[ 2Ol I SI,ltfhg 163500 T AYD afdbude! Rl e 3 y@.ﬁergﬁ.gec'f'ca"% as Figure 12

shows, er act cam ror oner AN ol I er sets 54a, 54b,
S6a, apd REDIrAREFEY VREA, )caFrpa\hﬁf (64a, 64b, 66a, and 66b, respectively)
causes the Cent @iz megse Of recoiling parts to follow a Iike curved path.
A centri fuga force is generat ed whose magnitude is 40 [err] 45 and whose
di rett i omsihoal MMEgd €od 16 @bntdr Wl ighSityVRSL B disgiRbd Frorh Shel Etel Rt FHARBS Uis
vel oci ty imvbdiche a Gedirienr fradi thatrmifig Mhpulsh Goréee (FIMAU) RBICR A bllancdChby oVify B Point of
Cor r espomgplngion eidhersactién fortes/fytand €, skl previdayea@biterat; mofentpoi Nt of cont act
bet ween r ol $uer of dhwtreontedia abdutithe cébm of gavtly f@s and canpat hs 64a, 64b, 66a, and
66b, respectively. Wen fired, the specific conbination of projectile and
propel i Q‘,‘har% & (WMPU céz('é!EbZ)edl ctable firing recoil inpulse,

det er m nal5Fe HYMPELEMRYr0f t he specific conbination of projectile and
propelﬂ"l n charge or 50 through tables. This in turn will cause the

recoil i ndggi \ iy ’P& ﬁD‘O% etc’ée&f”ﬁﬁr HF?Z ‘éﬁ" b 2¢5p é'éf’e‘f‘%feﬁ‘ft'ﬁ'ef?fweﬁo@m Y,

li kewi se ' d&l &ft r?l”QB or,of, The recoj | st em causes

this vel (3 u an heBre th re ? éﬁé éhe?l?jsn oné Or:e]) qrréage ?lglrl nl}%p( fo oS are

o e e T T L Gt ik
two tha t Cl u

determ n%leear&?ivk heifs cl?}factkg %Woﬂl@baf?gncf- dRarh tﬁa d\GHale dabiva [ ﬂég 1 it be ?(5

mfl ner, tsige todeCon iy lbdaﬁ chpd @@acfe@%?'tv}o diflé?&lﬁﬂ?cbsslo&m%ar@ ﬁ: tiBtsCherg g bl e

ny pwrenindlan rdlbecofited Pbihts)St r oke. Addi tionally, the remai n| ng velocity of
t he reeoi | iThg pot bf adiorabistas kaeWBrcaTTR) s @cti fxbd bhtRor itTREve®\&adht #Hatthd GuriTBN®BT | S
t hus knovaemaniglalprighbid @htabdf@rasity rahéinsagual teszeton THi ehsiire€CiRat heShindK @anslates &y 0 354
242 1 Figures 19a, 19b, and 19c¢ are all equivalent. So,

Fy, = TRU + RPU Eq. 9
35
and

F; = TRZ-RPZ Eq. 10

40 The total recoil force (RP) is found from the mathematical recoil model and components are found from
using the recoil mechanism inclination angle a.

RP = (C) (VS VS)/(A, A,) = (Recup. Force),
45 where C is a constant that includes effective piston area, orifice discharge coefficient, and oil density.

RPU = RPcosaa
RPZ = RPsinaa

50 The track force TR is not known, but the relationship betwesn the components can be determined. The
©  track force results from constraining the cannon to follow a predetermined path. The path can be
represented by a function of u, pf(u), such that:

Z = pf(uyor Z = pf
55

The track slope = dz/du = d(pf) = pf'
du



The’ di f.ference between the overturning and the stabilizing moment gives the
m ni num addi tional stabilizing nonment required to maintain the gun in
contact with the ground Thi's adeh § koM @prent (plus any additional safety
factor) is provided by the centrifugal force generated by the cam

fol | owers/canpath interaction: Since the required i nst ant aneous centri fugal
f or ce, Theoigpek hrgyle (B) i¢ Hefindtasipagitve €W gohe recoiling parts 5 and their

i nst ant aneous velocity is now known, the correspondi ng value for radius of
curvat tend TeaalPrbe PrdWetet mi ned. That is, [err] In this nanner, the "y"
coordi nates of each of canpaths 64, 66, 68, and 70 can be determ ned for

al | ToPfrledpbidiongs fUr#ed 289 " x" (tube-axial) coordinates. 15 At all
points in the recoil stroke, the recoiling parts will have a velocity
corrpon?ﬁ ITI'? 1 the, "y" direction (normal to tube axis A) and in the "x"
di r ect i oN ‘(éT tLﬁ9e11aX| s A) Bot h of t hese velocities nust be reduced to
Zﬁr 9Py 1 lons were evelSt ! O |At 7%!9 OI ngtramtn l-lhe tec f{: ac‘c cmgi r oke,
the "Eegtrd tﬁygeJah 1 %.t. b wf éga at.u pre
infini E?sgt Actl afunﬁl@tq ow1 shn S ra

| iae) . “Accordingly, t e re00| I | ng part’s now cease t e| r upwar

accel ezaat boNn.gqIfte recoil systemcontinues to apply a gentle retardation
forgs, eventually bringing the recoiling parts to rest in both the "x" and
"y" axeasdu ¥hpe final retardation force causes a small destabilizing rmmsnt,
but it & sggaut=ugtevus such that it can be overcone by the stabilizing nonent
of thevstafivd wHqgt® of the conplete weapon. In effect, the curvilinear
recoil notion gives Howitzer 10 an apparent weight greater than the static
weinght awf t he weapon during the 25 period of high recoil forces. The
curvilinear canpath is designed to assure that the stabilizing moment of

t he apparent zwm gétﬁ of the gun |s suffl cient to overcone the overturning

nonent of t a3 at3%0 - @hi B%imidsy grdurdl contract .
During the E?gier %of 9t 44 Idtt ra\¢é=l WreW he Bur vid% Mar recoil force

has *been di sconti nuedgyz the rent |g%t of j4 zer 10 is di mnished but
ground contact is st %D %i % é%z ate equally viabl e
stability solution exists iT, as sho |ﬁluF|g t he positions of

t e canpat hs and ‘the ca | QW83 _[e gr . Thus referri ng now to
Figypes 8-11, there is sk@g% V§E d 155 millimeter Howitzer
10" incorporating a second enbodi nent of tlflue stabilizing systemof the
invention. Howitzer 10 @l sG MM, Y és..anarrlAa 12, whegis, Ify and 16, and
trails 18 and 20. A cradl & 22' haV| ng left and%ight sides 24' and 26' and
nodi fied according to a second enbodi nent of the 35 invention as wll be

desos i New définedjare pbsition.deloailyl arideaceslandibrt iprihe sdipttioo;t ¢l as unoivos dfausiton, &icity, age
12. Cr andl ascekspation ® the u-direction.

50

55
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pi vot ed .up and down by left and right pistons 28 and 30. As shown in Figure
8, cannon 32 is nounted in cradle 22' for reciprocating novenent between a
first, forward and downward posiErorss§2at Bd | i nes) and a second, rearward
and upward position (dashed lines). The nmounting. mechani smfor cannon 32
according to the second enbodi nment of the invention is the reverse of 40
mount i ng mechani efannon 32, ordi e fidst enbodi nent of the
invention, in thzg{PJt“ﬁeEi'a%at aﬁ&c gsiﬁil?qdnid;d (glr# rﬁon 32, while the cam
followers are positioned ¢h dpnd dF2'~ WBZMically, the nounting

mechani sm for cannon 32 c@prd. s&s gr@y WaRpy eft and right canpaths 64a’ and
64b' and rearward |eft arﬁ}ri t canpaths 66a' and 66b', wel ded or bolted
or otherw se attached to aclk é’uﬂ' rt” &4 ars 72 nounted on cannon 32.
Left and right sides 24' 1and T# =of-(@RZ) ©£22' are provided with forward

l eft and right 4§.r°1;nolﬁlqer gsets 54a' and 54b' of twin rollers and rearward
left gnd right twin rolter sets 56a' and 56b', respectively for novable
engagenent with forwand |1dft &Fpd ~ ~IRZ (@fHtpatthRMWUa' and 64b' and rearward
left and right caden y.06d aRg GOk, 4 g@pectively. Each of roller sets
548’ , 54b', 56a’ anqﬂﬁ b', caqnsi stszqf four rollers, an upper twin roller
set and a | ower ler s&® "ho®fed Fizn *a REG)c i BPUousi ng 74. Pl acenent
of the roller sefFxomn Eg.ci@ CUlFgr =hemSi RJWREZ | nportant in that the housing
provi des the wal ki amstrycture _sq d str t.h ui r o make the
roller (foll ower)eogg’sl&%m wor k%CUCi rcgl%ar(gﬁ'ﬁéi rv;‘isigﬁil ow ?ﬂ’ rollers to
stay per pendi cul xomo Eghe ldes izt anPft' adgent p(ff"tVnu? twin rollers to the
canpath, as the canmpath cy ves . u rzdmmgﬁr .Fg‘%)jce of the
desiigf of either the fi rs?{“errbomgl?@lg?%f‘hgmg%goﬁ'd ]e(nlbo |rr§'nt of" t he

i nvention does not affect the fdn&F¥on of the stabili zi ng system and is

di ctated by over adda Beppdn fdesiagn. In a further alternate 55 design, the

canpath of gither_the LiLst gr t T di ment,, be ved in the
opposj;te di I‘?EC'[-I on£ uf{GLB?t ﬂg“sé\c?réﬁg{) l?g*?réc&rklt ;vc'-t atti @HEt owar ds t ube
axis A to achi evBPZ )gre®PY retardation in the "y" axis (the tube-nornal
direction). Use ghit@ $o3 Fer.nate construction is limted by the

requi rement _to keep ground ¥ont act during the second stage of recoil
trevel. 6 FugP e%ﬁiwuhﬁuaisﬂﬁll (FIMPVe - WRUD 12 RZISIRRZ) t he

canpagh of eitherRPge first or thes sggondpenpodi ment can be geglirviggd in the

sane direction during the second stage of recoil. In this case the curve of
the second stageah3o from Eq. B F, = M.A, + WRZ

Combining with Egq. 14
Fy = Mpf'A, + Mpf" V.V, + WRZ
Combining with Eg. 7
Fz = pf' (F, + FIMPU - WRU) + Mpf" V,.V, + WRZ Eq. 16

35

40
The track campath used for the dynamic analysis was matched to the current configuration and recoil
mechanism modsl to ensure weapon stability at zero quadrant elevation. in the present example, a positive
ground force on the firing platiorm was specified to decay from 2000 to a minimum of 1000 Ibf. An
additional factor of safety for stability was included by designing the campath in the present example for the
45 M203 PIMP charge. This results in even greater stability when a nominal M203 is fired. The path
description consists of pairs of points U and Z (Table 1). One can see that the point pairs do not extend the
full length of recoil. The path beyond the data is defined as a straight line tangent to the last portion of the
track, and as such does not need {o be expilicitly tabulated.
The driving function for the dynamic analysis is the force applied to the cannon by the firing of the
50 projectile. This time dependent force is caiculated from the tables of total impulse supplied to the recoiling
mass versus time. the force is calculated by:

FIMPU = (change in IMPULSE)/(change in TIME)
55 The effects of different charges on the curvilinear system are determined by using a different firing impulse
table as input. The tables are produced from internal ballistics calculations and include the gas action on a

muzzle brake with a momentum index of 0.7. Three different tables were used:
Table 2: M203 PIMP - M483 projectile
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shall ower’ than that of the first stage. Stylized tube-axial and tube-nornal
force-tine curves for the first enbodi nent of the stabilizing system5 of
the invention are shown in Fi gunspse 3gpessh 14b. Superinposing these two
force-tinme curves gives a net force vector and a resultant accel eration.
Integration |eads to a velocity-time history, resolvable into vertical and
hor i zont alTakie#MR82 nerainal FMAG3Tugieckiin t egration produces the horizontal and
vertical dpapf-dlddaemingf MFdpreiestiei | i ng parts' center of mass. In stylized
form vel dB9 't°9°"tf?’Fﬁs's Peovideddwit rpeeil FYligdar 8gde] Bhere el repgibfora (F-regolls aivearbent s shown
I n F|gU£e 150 he conflguratlon of the invention represented by Figures
15a &nd™Hge! 1§b(v )ét&e ﬁ" accounts for 60% of the recoil distance and 40% of
the rec ougvts for 40‘V f th ecoi | distance and

60% of ff“a"m"’ o SR o g?af iy t?rJf%'PvFrqu%eTats System
enlar ofifice_ ar gsng OD I;hg c{n
o 25“ g 'g gﬁ*%ﬁﬁ w&iﬁfe&ﬁ“& 'sa?h?ﬁ ﬁin npat h

| ocatd OfdsdRset ﬁréa
shown i facdilntbehdpim knd the% a . Aidohdiy, tRCBeoR Y \Gé‘el rin zﬁaj
{

precedi g pli BEsEI RBgRE 16 hHBinkitWiug 81 b%frﬁfs% s§\)6 Q&Oam
detrel Oprtupbraf albridCcofitd! gl WY: @FItHaloHifed Sread trelrid® cgma-m Sage Ya'iﬁeﬁ thﬁl’i Bei
based oinfinitd2)| thengrtiteh@cd WlinByrSdak Avva be U3sA tPlidNaHe thd Gagd the s andQB)ta Veiie® | | NG
and tshedeperident rdtardiegiforcd Isqow @eseént insggd @Yo Kalpdsipatéitlel enbrgy Bt iredved@ssuef er r ed
t 0 as t heTwe grifice apéiles andxlevridpkd for tHecrecii mradelgenei fer Inmgdiecdilpandfond 1D shEASBSER. O
wei ght sThegmerifict) atease hre \aigited; in| Fiire ghand tebulatbrhin TablewiSnend f6. Thabe (dviffep. ardlaiae i s t O
al | ow feswivalensaraesyandslamotsprreshend sliseatly togee arificet asgas fofr thg ragival regoibytinglen. at ed wit h 20
el evat i ng Temiatadeen ewshanigmiferes Btiincludene ligranenring regigsentationfal the restberstorifctishown
di a‘gf"an?f’at ically in Figure 16. There are two coordi nate systens associ ated
witht flrst is a ground fixed coordinate system (X-Y)
centere at ’F‘fﬂg gﬁg@ ¢ rtyﬁgpts? ai l at gr ound I eveI The second is a
coordi %te% i He r(tuaggfewn'nsmn 1[':9 elsmv% iun tUbe as the cannon
el evagt es acation. of the iling
matss%t nghg%m ?qﬁqggge a‘?.E‘E oe'gI %té re00| 'FFH’ da aafﬂ?n%'}‘?w" 'ﬂfgﬁ? Zcoi |
di spl acempry priglant cﬁv@%% &’&:@tmlt.geﬁyn ic% eﬁ%lstv)% 6 Jo Er:é?ﬁ tﬁéjstglgll mafttneeg
Coor di ngbiem iR earifRE bOR. SRl ANdndireP R Vﬂbﬁlhﬁ@ bnt d’%rlﬁst and
'S pfsaler Hah e oJdBrmng AoRbmaM,E Ml & M) NEmYisHrdhted thad (., |§ B sﬁﬁ@%nt s U
and b Sheiohw@rdn@tticdd QroGe YoatBGOIR2I will lembih Yodithe afti0Ré édn%l r(ot(“ \Sb "@br thd)EonGifdANON
cent er abkero guadiiaht glevetvn afxbthé o208 (nEdihall dhkirge, tFYuislP2 iIkistétes L M), RAJrRutesIneh M 30
The t wand Figird 28 didstretes theiR2Yhemmsgegtveathe lgyn systefni viis l@signdd todl Gtadi8, dvén with a
faci | i t\a0d PINIR cliardeuBigure£4 shows that indeefl,0he @ it Istalble ittt thiy @tMechargb Hrigues 2ansobodi es
and t o sheneethd|tempunt svstem getpuribressiveln mBsitable af the chargetih eedesadntbe Mitpetrargences
f or c¥s bP'l"@)FFPt”Wé"%a&Prqfiﬁq reeshovt | el to the tube primarily fromthe recoil
mechani Srﬁor (fﬁ@ ys:s run, there are provided up to four files or tables of output with suffixes
"CP1," ".CP2," " CP3 " and ".CP4." Each run has a filo name associated with it, beginning first with the
prefix "X1" which identifies all files used by, and generated for, this analysis. The remainder of the file
.~ Mame identifies the charge and the quadrant elevation of the gun in degrees. ‘All plots are generated from
40 the tables provided, and the file name of the source is printed in the right-most portion of the title.
Additional data is plotted in Figures 13 and 26-28 for the case of the M203 (nominal charge) and a
quadrant elevation equal to zero, because this is the worst condition at which the gun must remain stable,
Table 9 describes all of the headings for Tables 10-16. In addition to the plotted results are tables
containing all the data for a variety of quadrant elevations and charges. The tabulated results include:
45

- 80

55
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to the .tube fromcradl e support points. In fhe case shown in Figures 1-7,
t he support is provided by rollers 54a and 54b and 56a and 56b constrai ned
i n canpat hs 64a and 64b and 66a a&pdg 86dzg2respecti vely, both 35 fore and

aft. The force fromthe recoil.

nmechanismis referred to here as the "rod

pull" and is the sum of both the recoil (cyllnder) force and the

recuperator force. To E
bet ween the carriage a
to the
reaction forces that supgw {o.4
gableon .1t
At zero quadrant el evat iradre fi,2,

j i Qr<IBBRESICRDI | i|t sport @poil20sle

[err] parallel

[err] %and [err]

does npt rotate

vertical reaction on th&abfg 122y

S g”*@ﬁm@ﬁé st Pt fegqil

remain positive
| at.ger than the
overturning 50
[err] = [err](h
force [err] and
nonent arns: M

yet ba

about

[err]i

5o 1of1Y
Fatid ).
it A

436 MBoadiEGD. Mz”F

| XasaeE70ThI s oot reraImns

n, all the forces
orce components
[err] and F,, are
are equivalent to
ate system 40
[err] 45 [err] =
ived froma
en the carriage
atisfied if the
sitive. RRY will
nt [err] remains
el evation, the
s its nonent arm
is the vertica
espective 55
E) Eq. 2 7 EP

Ly} Prosyby, ﬁ&}, rElofMEsaS!

d rEdofmbyAO
& Medsqred.om |tighgirBRivibdae
61 MaEHRR00.CRE 1 bngaBedivingsy ]
OGROENSEPA | X § Cshoft PécaiioNP0gl i
X1prOE4s.cand || eshort rezoil[M203 |

SRQETOICR? ( RA\Shor @mmg;m
P3in
203,

'\_'57010;' Zbprbre
9 C?brd@mf

i
SQGR1p i | longiregaly
ol b Ly

t

0 354 242 Bl For stability [err] Eq. 3 5 The degree of stability can be

found by ddhyspit

rrgn tbp eserrk thatseundfingds irdoll yillnengre tstapility (for 338000enopnd, 1556 mpyjtowed g| so

10\ 2 Howntzer Demonstrator under ail firing conditions.

25

30

35

40
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55
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R2Y = [erqt] Eq. 5 The larger [err] and R2Y are, the nore stable the gun
systemis. For a conventional recoil system [err] would be equal to the
rod pull (RP), and the force [ergdowsidap gupport 15 the portion (WRZ) of
the recoiling weight WR that was acting normal to the tube and cradle. At
zero quadrant el evation, [err] woul d be equal to the entire recoiling
weight, i.e., [err] = WR. Because the sum of W, V\Eand\/\Rlsllmted
to 9000 pounds, the sé%olllzmg m) Etéls greatly reduced. [err] [err] (A

+ B + + WF(A + A I F VR =
VWR(A +U)B + U)(+ V\F(A%%FE&E%%%% @%E?Eg;ﬁ?mgw)l ncreases[teL:a]

stabifizing nonment by JIEBAEABE JWR [arBBlNVﬁ#EdDurVOLISEaamsrec0|I [err] does
not 25 sinply suppofQ.l0d@8agi ght (Ef.snﬁésfiﬁfm%n but”e?(ﬁt@ al so to accelerate
t he cannon upward ( 400 2the ttﬁbé l‘ea ility is needed.
Accel erating the tub g (Z dlrse r] by the inertial
forcg,associated w t I Y3%653 ceI er t 58 VRZ Eq. 6 30 The
application of this qurgqesggi [err]y ged;;z o13| ng, z(gr ation of the

cannon in the z-direciidn8gB8%es t he.0489695 03 splem&suat (z) and velocity
[ert] in the z-di reC‘tQ-cﬁ$91Aﬁﬂsorre ;305&@94&\5&% | 8 Qaﬂﬁ%ért of the stroke,

this velocity [err] %Eeturn dlé 83 0“ 2 sh this, [err]
nust :pe reduced suffl I'g glo sw g oé ;ge 53% in effect to pul |
down on the cannon. 1 1| S rezgugggisglns I@fgﬁgsmgrtlon of the recoil

stroke as 35 reqw r-euj.aﬂﬁheaothe owenamawmown&msmm al so be reduced to
prevent instability -om.marzgzm S por7t.56ﬂ2bﬁ1&-lﬂé réc&)ﬂ4238’5h| s gives rise to

two distinct stages «08872%ir vi | i ﬁe ”éL:H F-03 st s defined as the
port.ibn of recoil be no § - <gt3at| ] s positive
("upward"), and charaqy Qrob;ggj by all gg 5:{34hgzaX|gTz 2QI‘1C7€ [err] (rod pull
| arge) and a commensuwiaiéesebe norrmlqoémsm.[oerr]ﬂmus’sabl lity; and stage
two, defined as the pdrt33000bf recdi.B58NBNE-I92 t ubetG8HBGal accel eration
[err%5 i s negative (" d'dm?\%ﬁ@ll) chéroaéﬁ%ﬂ’?zfeﬁz m”l?educed or even
negat1 ve tube nornal 'flcﬂ‘ %rr] a@d8 §|‘ ’%érll Iy reduced tube
axial force [ewr] (rop' g‘}small)z § i ans rom stage one to
stage two, the recoi I-f,qrgggns great, Ey solxaw”éuri ng stage two,
the~rod pull is prinmiJepspapvi ded zbyashmcmuperatmm‘mr ce. The dynanmic
anal ysi s nodel s the g-dn7§g§6&m as tZWBD%Thgﬁ -02i gi d«HHD26s; one recoiling,

: 1.8 3.13 2.315465
the other fixed. -1.870110 3.3754066E- oz 2.434139
-1.926781 3.6222722E-02 2.555043
-1.982749 3.8780171E-02 2.678199
-2.038018 4.1425858E-02 2.803630
% -2.092594 4.4159204E-02 2.931360
-2.146482 4.6979610E-02 3.061410
-2.199686 4.9886454E-02 3.193803
-2.252212 5.2879095E-02  3.328559
o -2.304066 5.5956870E-02  3.465699
S -2.355253 5.9119098E-02  3.605246
-2.405778 6.2365074E-02  3.747216
-2.455648 6.5694079E-02 3.891629
-2.504867 §.91053726-02  4.038505
-2.553442 7.2598197E-02 4.187860
-2.601379 7.6171771E-02  4.339711
p -2.648682 7.9825304E-02  4.494075
-2.695359 . 8.3557993E-02 4.650968
-2.741403 8.7368988E-02 4.812841
-2.786800 9.1257334E-02  4.978995
50 T : Z &
TABLE 1

&6
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45 Both-«rtgid bodies are initially at rest; at tine equals zero, the tine
varying forces fromfiring inpulse is applied. This accel erates the cannon
in the negative U-direction while igpd4s402bg acted upon by retardi'ng
forces fromthe recoil mechani smas nodel ed. Any of -several firing inpulse
functions can be applied to the gun including (but not linited to) M203

Pl M°, M203 nominal, and M 19, all matched to the cannon tube with 0.7

i ndex muzzle brake and-2vE33A 5%00j ecti9e52Zhe8iEed2| fDrLE7II2s to prevent
the cannon from attai m TESCGSSfree r 8c8icb26400ePty ahad320Mi2 nues to act to
return the recoiling 1|5est T 1833M88 i s con%ﬁfa?ﬁ\%bl in the cradle

to folldw a pre-defi n near @a a 41The pathe ved upwar d,

whi ch forces the canno 6d| spl a %ccel er lly to the

tube center-line as it axi al | g accel erat ener at es" the
et

force that contributes, 1%I|Ity0dl.ilzlg‘ tageo *

magni tuges of [err] a 1 Fezdeoaat all ot iipe73heps are soI VI ng the

di fferential equations.fzapmzgon 55 @thfqgwb bel ow gpyu recoiling mass.
Once the dynam c forceeldL4ssidund, tlog13@ieog | oads pm #8425mj or conponents
arestatically detern+h®R8&tlédach ti Mal1488p28si ng t hE. K180 syst em
geometry. Figure 19a is343iB73ee bod;ﬁ.dﬂé A&k of theh:ﬁaﬁﬁﬂml (recoiling
mass). kromthis diagrz 3} the t i3 ?é enti al ﬂaﬁls t hat descri be

p
the notion of the gun zThe ca r'l1 assu nary, a 8 EP
1 g |7ed if h 50 formreaction
R2Y remai ns positive. _§U Eaforces dlrect ds the first
[gr SSad! WPU - VRU

0 354 242 B1 condition.s"
differential equation. :Jg% ial: rr] = [éa‘r
[err=>[err] + FINMNPU. 2@1 Edg, Biymng fo e z direction
yi el ds the second dlff_er.glgtmgh equat bO[lg 8679 ube nor z) = [err] =
[err] - WRZ [err] ([-er.6R2819RZ) / M g, 1864787 As sh@ansnfhaure 19a the
center of gravity nay-BeﬁdiB§ﬂl7aced foopoeh&3¢enter |10Ww668K0Y he tube. This

i ntroduges a nonent fr"émﬁﬁﬁézﬂl ring :rgmmeas orce (R 58ti ch i s bal anced
by novifig the point of |°§13882I icati Bn2d376hE reactlldn-‘f 37c§es [err] and

[err] axially, provididg §g§ ”ter'”g g?%%%SZ

12 27355
r -3.797549 0.2318135 12.73519
-3.824410 0.2380012 13.21455
30 -3.850620 0.24642758 13.71754
-3.876178 0.2506378 14.24510
-3,901085 0.2570876 14.79814
-3.925340 0.2636252 15.37787
-3,948947 0.2702507 15,98427
35 -3,971907 0.276963% 16.61910
~-3.994224 0.2837644 17.28289
-4,015902 0.2906516 17.97638
-4,036945 0.2976250 18.70029
L ~4,057360 0.3046835 19.45525
S -4.077151 0.3118262 20.24179
-4.096327 0.3190518 21.06035
-4.114895 0.3263590 21.91125
-4.132864 0.3337463 22.79468
-4.,150242 0.3412120 23.71479
- -4,167034 0.3487554 24.66697
-4.183279 0.3563679 25.52153
-4.199083 0.3640265 26.12380
50 U 7 B

55

TABLE 1 (Continued)
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Sum of the nmonents about the center of gravity yields EMOM = 0 = (-)
FI MPU(ZEI MP) - [err] UEFZ = FIMPU(ZEIMP)/ [err] 20 Wien the firing force
has gone to zero, the "eccentrigploydsabgiw | | be zero and the reaction
forces [err] and [err] will act through the center of gravity. [err] and
[err] are the reactions on the cannon fromthe carriage of the gun;
specifically, these forces are supplied by the cradle. The cradle applies
these forces by two neans, thé&0% ecoil mechanismand the cam 25 tracks. The
recoil mechanismpulls on t annod%ira the breech band (see Figures 19b
and 19c¢), and has two conpo S t:ti are related by the geonetry of the
recofl mechani sm Al though :%450h0v_\n20i5@:Fi gure 3 there are two pairs of
tracks, a front pair and a rega7 paisgyea single equivalent track force (TR)
w Il be used (a single forcaoys a-gogsd body can be replaced by two
different forces |ocated at.C0®0 twd98écati ons, here the fore and aft roller
contgct points). 30 The nt -6023¢ction of the track force (TR is not
fixed; rather it noves such OrZ%r t gg um of the noments about the center of
gravity remains equal to zerd 0 hi” oé.swes t hat the cannon transl ates
onmty. Figures 19a, 19b, and pb9G arggeqkll equivalent. So, Fu = TRU + RPU
Eq. 9 35 and [err] = TRZ - FH43 -Egoo&d 40 The total recoil force (RP)
is fsund fromthe mat hemati aalé ¥ eqoizll 1nodel and conponents are found from
using the recoil mechani smiQed3 rd0KkOA.angle a. RP = (C) (VS VS)/[err] =
(Recup. Force), 45 where GU4%J1la-d8&8€ant that includes effective piston
area, orifice discharge coefd3¥i ed®79%nd oil density. RPU = RP cos a a RPZ
= RP.sin a a so The tra %f4or: Bf *i's not known, but the relationship
betwéen t he conponents can 'tbe.d%et,% yRed. The track force results from
constrai ning the cannon to ]Tol | ow a predeterm ned path. The path can be
represented by a function of u, pf(u), such that: Z = pf(u) or Z = pf

: M203 SHOT IMPULSE DATA
(PIMP) M483 0.7 M.B,

25

i TABLE 2

30

14 .

.0000 000.

.0030 ~763.

.0042 -1797.

35 ' 00048 '2473.
.0069 -5079.

.0090 -7291.

.0108 -8550.

.0129 -9434,.

N .0150 -9677.
40 .0195 -9955,
.0315 -10286.

.0665 -10443.

.1365 -10455.

10.00 -10455,

45

M203 SHOT IMPULSE DATA
(NOMINAL) M483 0.7 M.B.

50
TABLE 3

55
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55:The track slope = dz/du = d(pf) = pf' du 9 EP 0 354 242 B1 The
track angle [err] is defined as positive CWso: tan [err] = -slope =
-dz/du = -pf 5 Referring to Fi ggpress@2®qeaBt1 and 20(b): tan [err] - TRUTRZ =
-pf' TRU = - (TRZ) pf' Eg. . 11 10 Two differential equations were
devel oped, Equations 7 and 8.  The constraint of the recoil track couples
these two equations, resulting in the first equation 7 being the only
| ndependent equation. The di spbacenent Z |s strictly a function of U (i.e.
Z = pf) so the followi ng reP80onshPBOcan be devel oped: Z = pf  Eq. 12
dz/du = pf' [err] 35 Now d@P*fed aP8%position, velocity, and accel eration
inthe z-direction, oil as"* @ ggé f position, velocity, and

2

Bosec
acceleration in the u-direcgbgg. 1 *50 55 10 EP 0 354 242 Bl

.0080 "41230

L0100 -5675.

o .0120 -6709.
.0140 -7361.

. .0155 -7712.
v .0203 -7952.
~ .0253 -8104.
.0453 -8322.
.0803 -8373.
.2803 -8379.
10.00 -8379.

15

et 20 M119 SHOT IMPULSE DATA
(NOMINAL) M483 0.7 M.B.

% TABLE 4

30

35

50

55
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Fromfig 7 [err] From Egq. 10 TRZ = [Jerr] + RPZ Conbi ne

Fu =[err] RPU 15 From Eq. 8 [err] =[err] + WRZ
Combi ne [err] —[err]cimusd42u2mﬁz + RPZ) + RPU From Eq. 14

Az [err] Add Eq. 7for[mr][eH] [ar]_+_HhPUVRw/M + [err]
+ WRZ + 25 ‘RPZ) + RPU Solve for [err] [err]= -pf'(M pf"
[mr](HNHJ- WRU) + WRZ + RPZ) 30 _ +RPU

(1 + pf’ Eq. 15 Also from Eg.

[err] -Tkw + MRZ CoﬂbﬂﬁQ@%Q& th Eq. 14 [err] Cbnbining with Eq. 7
[err]= -

+ WRZ E

+ fll )
%@h used f QB ggls was
mat ched to t rﬁd n and Fe %%83 |snb go ensure
weapon stabl 3§§¥d% q%e Q§7%Ievat|gﬁ77b 31 7g§
positive grqy Qe7bq@@%q pl at f. C|f|e¢ q@ay from

2000t 0 a n1m1moqagj31000 kb%zw@mlgddltlQ@&hgﬁ%@bgr of sabe§m5%g@ stablllty

was incl udedy Jps g gni ng tohaspooaat h i n -ghesnsesent exanpl.gebgngt he 45
M203 PI VP cliu3gs13Bl s resu.B64i1518ven gr@aBes1ssability whesoa3gon na

M2O3 is fireclh3906S

(Table 1).
of recoil. i)'hﬂ?%ey

to the Iastrﬁﬁ Sf theotr2
explicitly t

force applie
dependent for
t he=recoi | i ngy igas
in | NPULSE)/(4:r§mge in TI

25

45

50

55

Oﬁ}&i&ﬁ

t he canno
‘pezﬂ s cal cul ath'
S Versus

4.245087
4.260842
4.27653¢9
4.445129
4.620374
4.772849
4.930054
5.065610
5,203977
5.332038
5.440137
5.539235
5.629237
5.710056
5.781618
5.843856
5.896716

5.940156

5.974138
5.998644
6.013669
6.05
7.05

5

e thaw ﬁWé

1.838936
1.830884
1.822829
1,734067
1.636875
1.547431
1.449455
'1.359271
1.259954
1.157433
1.063096
0.9684290
0.8734521
0.7781891
0.6826680
0.5869220
0.4909886
0.3949136
0.2987556
0.2026038
0.1066578
0.060
0.060

v

i i

ﬂnt

nd as s cﬁ3
uncti ol

-4,270426
-4,436337
-4.608381

-4,757758

-4.911491
-5.043849
-5.178774
~-5.303502
-5.408682
-5.505030
-5.592476
-5.670962
-5.740430
-5.800835
-5.852135
-5.894298
-5.927299
-5.951124
-5.965774

TABLE 5

18

not ne

dynanr& a
he firing of the 50 projectile.
romthe tables of total

Jggq the force is calculated by: FIMPU = (change

V500

i

t h dedcli§iisd® consi-H.39066pAi rs of PePASS6E and Z
palri-@dlddﬂ ext end10ké 16803
efi3nd§ 02914 stralgﬂblﬁﬁﬂé t angent

SgV§§IS s the
This tine
i mpul se supplied to

11.88154
12.05013
12.22537
12.37785
12.53505
12.67061
12.80898
12.93704
13.04514
13.14424
13.23424
13.31506
13.38662
13.44886
13.50172
13.54516
13.57914
13.60364
13.61867

Rl



55:The effects of different charges on the curvilinear systemare

determ ned by using a different firing i npulse table as input. The tables
are produced frominternal ball igprtgest 2@l ati ons and i ncl ude the gas
action on a nuzzle brake with.a nonentumindex of-0.7. Three different

tabl es were used: Table 2: M203 PIMP - M483 projectile EP 0 354 242 B1
Tabl e 3: M2029nomi nal - M483 projectile Table 4: M 19 nom nal - M83
projectile-Th8 recoil forc@.il9000dA ded by a recoil cyI i nder nodel where
the recoil Pefce (F-recoil 0.1900008n by: 5 F-recoil C [er;‘l] The
transition Bel@@8303€agé ofe 21d4dd8l and st 3849 4Es O co 1@@13%y arapid
drop §n F- r308|5I243@I3|Es i2s 8odéddlTiddhed by'2r 2d‘l Ié:rﬂ%?rgl ng- 3e58%ifice

areas. The &n éﬁ Ecn(’zt h@ (§r| &6 areas§ 631'154al bei t
rapid, tran |°(

abr up‘t9 28bte closely
represent tfie ponse syste re prot ransi tion
provi des fo é forgl VI betvve coil nme nd the
canpafh profi® fg42§ iti onal 5re00| I not renpV irely

during stagg r at her | 9gned t g@l val ue7. 93 | bf .

This has se eu,glmqg‘gant ages‘o g\s%rsjbesttl ng Efder at or OhEo§EHL I ol
stage two: @lk208808ri fi ce pal7@9M 7BJ1e NOW J fgﬂe@ggﬁ st age gv\nggg er than
bei ng,zi nfi nigt,g;1 2685t he acty e geeqqy | cyIJm,dgqrggpgg now be gised7gge3fine tune
the stage twa,.ze6@illy; and E)7asredcity 19 Pmpmwent retagdgmyziorce is
now present iln6383¢0 two t @.6AAY AbisSi pat e-1J638988 gy frong ad4 ®YEL pressure.
Two orifice Ar.866I568 are dOuSASEHFT or the r.abdd3lnodel ; oheb5Yb8680Nng
recoil, and é@r@6B3B81lshort Maddifs20Bhese oriZidfdid&as are PI®I4381in Figure
Zl\amd t abul t-847086Tabl es 05 5691 587 These R 546t hr eas ark0 ehB2 03l ent
areas, and d@- ﬁ@ﬁ%drrespo@d%&@c&ﬂy to t+?e-7c9rﬂﬁﬂﬁce areasl9of04HB act ual

recoi | cylindef d total Or-é@(ﬁﬁls%chanl s fEHD RP i ncl u 6ﬁllf"near
springrepreelrgto nof t e ator f 4 So Rp 0 # il + FRCP
+ DFRCP(S) |s the of ext : %of the r 0? chani sm
infe®t. 25 Texact urati ol remai n are
cont ai ned |n3t 6%2I4 ut dat wn in _ 100 and t ab a§ n Tabl e
8. 3.850954 0. 1018210 -3.843654 11145595 |
- 3.90 0.060 ’
30 7.00 0.060
s Ro [ o
35 |
- TABLE 6
40
45

60

55
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The primary objective of the preceding dynam c anal ysis was to denonstrate
the stability of the gun systemusing curvilinear recoil. Stability is
ensured if the stabilizing nonegp odzaahzghe trail ends [err] is greater
than the overturning noment [err] = [err] If [err] is greater than [err]
then M, is positive and so the forward vertical ‘'ground reaction (1R2Y)
will remain positive and the gunt will not "hop." For the condition of zero
guadrant el evation and the. NQ_OSEgpm' nal ) charge, Figure 22 illustrates
that [err] is greater than [err}+@nd Figure 23 illustrates that R2Y renuains
posigive. The gun System was de@i @ned to be stable, even with a M203 PI MP
charge. Figure 24 “Shows that ingegd, the gun is gtable with the PIM
charge. Figure 24 @l so shows th&®the gun systempets progressively nore
stable as the charge is reducedy®he M 19 charge 35 being the nost stable
of the three shown. For each dynam c analysis rua there are provided up to

four,files or tabl@s of output with suffixes ".C&L," ".CP2," ".CP3," and
".CP4." Each run hgs a file name& asgociated withSt, beginning first with
the prefix "X which identifies al% files used , and generated for, this

anakysis. The renmbnder of thke filesnane identifies the charge and the
quadr ant el evati or.of the gull i & dgfirees. Al pleis are generated from 40
the wabl es providey, and theifile nane of the solitce is printed in the
right-nost portion,of the ti®le. Additional datags plotted in Figures 13
and 25-28 for the case of tha M203 (nom naé charge) and a quadrant

el evation equal to%zeroS becZus& tHBs is the wor8l condition at which the
gun nust remain stB@Ee.“Tablg 9 desEribes all of the headings for Tabl es
10518, In additi on,!® tRe plFGited results3are talfl es containing all the
data for a varietynof geadraet el evations and cha& ges. The tabul ated
results include: 450 & 12w EP 0 354 242 Bl Table 10.4 X1

MRO3QEDO. CP1  lond decgi | / M@03 Tablle 3,0. 7 X1 PRO3QECO.LGP2 | ong

recqil/M203 Table J0.8 X1 $R03QEQO. CP | ong Eecoil / Mg3 Table 10.4 X1
: Q. wd < ’
M203QEQQ. CP4 | org e¢ecoi¥/MRO3 . |, & w =
COoOCOoO [l o ~N |
) [~ IR Pt e l ]
S O = o > 7]
et 0N [T [- <
[ 2 o =
30 O O o = t =)
O M~0 Tt [« W D wi
-~ o0 - o o b=
o r~ (-4 -4 < (7]
s WO v ['4 L et
[ =] oo - —d
O™~ °w . [4a) N [~ ~
D O N it 1 o [7¢) | (28]
N [T o o~ = [~
35 oo = ("4 <<
s 1 N o gl
.« - o (&) [==] vy
[e= IR T2 Y | x L~ (%3
™ w [+ IR 0 o~ [ ad =
™) e YR 3 @ -4 o o~ L
’ TOW0 - - - T -
PN < o - o
T 40 o (¥ 2] - (FE]
°M o ~N » (=] ]
Oe=NMY = [Tz -
Lag -~} o) . ot 5] —t | aad <
< o ) = [ ] ~— o2 Py
-ooOw kot -4 o - o
e @ [ - | <
o = w >
45 * < ~
[T+ —t L] ~ x«
TROOO T *« -t s <
N » o o » * t o [ e L] = L3
OO NN x P [-4 tu b [ *«
* x

50

66
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5 - : Table 11.1 X1 SRQE4S5. CP1 short recoil/ M03
Table 11.2 X1 SRQE45.CP2 . short recoil/M203 Table 11.3 X1 SRQE45. CP3
short recoil/M03 Table 11.4 P SBEFAM 8P4 - short recoi |l / M03 Tabl e
12.1 X1 SRQE70.CP1 short recoil/MO03 10 Tabl e
12.2 X1 SRQE70. CP2 “short recoil/MO03 Tabl e 12.3 X1SRQE70. CP3

short recoil/MO03 Table 12.4 X1 SRLkTrH. §P4TeM pDIMEMNSIONGOI | / M03 Table 13
X1M2030EO05. CP1  long recoil/M03 Table 14~  XI WPO3QEZ0.CP1  |ong

recoil /M03 15 DATE OF DISTRIBUTION Table 15 X1 PI MPQEQO. CP1 | ong
recoi |/ MPI MP Tabl e Qf THIS XNGORMKTHOM, ey 2Q,03488¢ ecoi | /M 19 Thus, it can be
seen & hat curvilinear_recoil vm |1 ensure stability for a 9000 pound 155 mm
towed 20 Howitzer CRARENSE (ASSERIAKESer all firing conditions. 25 30 35 40 45
50 55 13 EP O 35WPMHBERRUKS o - May 17,18, 019860 0.0
-1.3943355E-02 1.3027527E-05 0.1064280 -3.3580475E-02 5.6624860E-05

0. 1409592 1bf
| WR 4330.0
ot

WF 3240,0
15 '
WE 1430.0
FRCP 6000.0
| DFRCP 500.0 (1bf/foot)
. 20
Inches
A 193.0
25
B 96.0
— BY 0.0
%0 c 232.0
| H 46.0
HTB 0.0
35
HSP 3.0
o A3 0.0
e AF a2
3 48,0
AEY 0.0
45
RO1 10.25
RD1 81.75

50 TABLE 8

55

21



-6.3684531E-02 1.3510455E-04 0.1563128 -0. 1042869 2. 5162366E- 04

0.1717640 -0. 1540052 4..1052324E-04 0.1937785 -0.2104911
6.1716477E-04 0.2249140 -0.271F7 8354 242 B18. 7735784E- 04 0. 2614119 10

-0. 3362349 1.1975885E- 03 0. 3080340 - 0. 4028695 1. 5843266E- 03

0. 3572629 -0. 4708933  2.0439695E-03 0.4173858 -0.5391440

2. 5809486E- 03 0. 4845083 -0. 6071967 3.1974320E-03 0.5538852

-0. 6750160 3. ROR0406E- 03 10.85851525 15 -0. 7425436
4.6753157E-03 0.6992530 -0.8097011 ‘5. 5395346E-03 0. 7756743

-0. 8764620 6. AM88075E- 03 1958539873 - 0. 9428217 7.5242161E- 03
0.93%2385 -1. 008725 8.6467713E-03 1.017888 -1.074094

9. 8571833E- 03 1 104%30 -1.138909-0 = 1.1155967E-02 1.192294 -1.203163
1. 2543593E- 02 . §§§é7 -1. 266881, 1.4020517E-02  1.374535 -1.330001
1. 5587180E- 02 6 -1. 392 1 1. 7244002E-02  1.564907 25

- 1. 454558 1 S%ﬁiﬁng' 6 5446 -1.515883 2. 0829225E- 02
1.768319 -1.576554 2757648 1.873283 -1.636573

2.4776516E-02 1. 983368 - 1. 695942 2. 6885740E- 02 2. 089606 30
- 754664 2. 9085 98E- 02 5%1026 1.812731 3. 1374734E- 02
2.315465 -1.870110 T3 3.37540§§Eb02_ 2.434139

15

T2 10.0
T3 29.0
Nt T4 27.0
T5 - =19.5
T6 58.0
25

T7 ' 12.2
. TABLE 8 (Continued)

FORCES DESGCRIPTIONS FOR COMPUTER PRINT-OUTS

Al forces are in Ibf. And forces printed-out are the sum for both sides of the gun.

Al forces and dimensions are drawn on diagrams in the direction that was assumed positive for the

35 dynamic analysis and resulting computer print-outs except where noted by a "(-)' which means that

direction shown is negative.

45

50

55
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-1.926781 3.6222722E-02 2.555043 -1.982749 3.8780171E-02

2.678199 -2.038018 4.1425858E- 02 2.803630 35
-2.092594 4.4159204E- 02 gp.P3EhIA0 B12. 146482 - 4. 6979610E- 02
3.061410 -2.199686 4. 9886454E- 02 3.193803 -2.252212
5. 2879095E- 02 3. 328559 -2.304066 . 5. 5956870E- 02 3.465699 -2. 355253
5. 911900igiac0@ents, Seciadte 461 ApQelerations -2.405778 6. 2365074E- 02
3.747216 -2.455648 6. 5694079E- 02 3.891629 -2.504867
6. 910537 M 2 4.038505 -2. 553ﬁﬁ%CRIDTIOK 2598197E- 02 4.1878 -2.601379
7.617177 2 4.339711 45 -2.648682 7. 4E- 02
4. 494075 -2.695359 8.3557993E-02 4. 650968 -2.741403
8. 736898gE- 02 ﬂe@&?ﬁ‘ﬂ s Jm& of can903252384Ee®2 4.97899% 50 TABLE
1 55 14 EP O 354 é B%égg 9. 5221981E- 02 5.147982
-2.875655 4@E§Tﬁﬁ 22362 - 2. 919115 0. 1033798
5.50%957 5 -2.961929 0.1075741 5. 689036
7 recoil displacement of cannon perpendicular ft
W to cradle (and tube)
15 vu recoil velocity of cannon parallel ft/s
to cradle {(and tube)
20 Vi recoil velocity of cannon perpendicular ft/s
- to cradle {and tube)
AU recoil acceleration of cannon parallel ft/s/s
25 to cradle (and tube)
— AZ recoil acceleration of cannon perpendicular ft/s/s
30 to cradle (and tube)
TABLE 9
35
N

40

45

50

55



- 3. 004096 0.1118458 - 5.881670 -3.045615 0. 1161953

6. 080730 -3.086488 0.1206231 6. 286392 -3.126714
0. 1251293 6.498833 10 Epo0354242B1 -3.166293 0.1297142
6. 718233 -3. 205228 0.1343779 6. 944769 -3.243518
0. 1391206 7.178625 -3.281166 0. 1439423 7.419980
-3.318173 ----=--- 01488429 cccmauaas £-669021.05 ceumcmmccamaaaas ~-3.354541
0. 1538224 7.925926 -3.390272 0. 1588807 8.190881
-3.425370 0. 1640174 8. 464065 - 3. 459837 0. 1692324
8. 745662 - 3.493676 1745252 9. 035846 -3.526892
0. 1798956 WR 9 3’3&?9‘8 of3reegijdge mass o 1853aPkpred at 9. 643009
-3.591464 0. 1908675 _ 9..965417 - 3. 622815 0. 1964707
10. 30448 - 3. 658537 Weigh®.03034h32coiling - 10. 66101 - 3. 683624
0.2079185 ll.nQ§5§~?ev?a§in mass - 3. 71@9,7,’?"“ at 0. 2137657
11. 4i 976 -3.741877 0. 21962) 11. 84371 -3. 770037
0. 2257122 . 12. 27855 - 3. 797549 ) 0. 2318135 12. 73519
-3.824410 WE 0. 23di8haht of non-reggibipgss 30 - 3. 850620
: O.-\2_5142758 13.e72eY8%ing3m8Y6178 0. 250687 & red at 14. 24510
-3.901085c-vcaaa. 0. 250876 ccccaaaaan 14.79814.-3.925340 cnccno o 0-2636252
15. 39757 - 3.948947 0. 2702507 15. 98427
NAME‘ DESCRIPTION - COMPONENT DIRECTION
RRU Rod pull force U
RPZ Rod pull force z
25
TRU1 Breech end track force U
'.I\.JR
20 TR11 Breech end track force F4
TRU2 Muzzle end track force U
25 TRiZ Muzz_]e end track forr;e Z
F14_U Trunnion force on cradle U
&‘jg F14_72 Trunnion force on cradle Z

TABLE 9 (Continued)

50
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35 : - 3. 971907 0. 2769639 - 16. 61910 -3.994224

0. 283764 17. 28289 -4.015902. 0. 2906516 17. 97638
-4.036945 0. 2976250- Ep ol$5472028 - 4. 057360 0. 3046835

19. 45525 40 ~4.077151 0.3118262 20. 24179
-4.096327 0.3190518 21. 06035 -4. 114895 0. 3263590
21.91125 -4,132864 0. 3337463 22.79468 -4.150242
0.3412120F13_U 23. 71&18vaning/Raujiibraton megyoiprce B4. 66697 45
-4.183279 0. 3563679 25. 52153 - 4. 199083 0. 3640265
26.12380 § B TABLE 1

( Conta nued) 85 15 EP%§§352'¥9/BE1“216‘P5888" meho ° G023 - Bo2. 5

.0031 -1073. .0040 -2051. .0047 -3016. .0054 -4075. .0060 -4994. .0067

-6025 F12_X Trunnion force on upper carriage X
10 F12_Yy Yrunnion force on upper carriage Y
— F11_X Elevator/equilibrator force X

on upper carrijage
15

Fl1_Y Elevator/equilibrator force Y
on upper carriage
\/ 20
F9_Y Support force on upper carriage Y
from lower carriage
% F3_Y Recoil pad support force on upper Y
carriage
N3 _
30 *F2_X Lower pintle shear force X
from spade assembly
* The presence of this second pintle shear (F2_X)
35 force makes the upper carriage statically indeter-
minate. So (F2_X) must be chosen prior to running
: the computer solution, The value for (F2_X) is
¥*340 dependent upon the design of the pintle-spade
assembly interface and upon the deflections of all
associated parts.
45 TABLE 9 {Continued)

50

55

25



.0075 -7096. .0085 -8076. .0100 -9035. .0123 -9913. .0133 -10006. 15

. 0163 -10211. .0203 -10406. .0271 -10602. .0337 -10704. .0514 -10806. .1711
-10843. 10.00 -10843. M203 SHOTgp WR&h ok PATA (PIMP) MAB83 0.7 MB. 25 TABLE
2 30 14 .0000 000. .0030 ~ -763. .0042 -1797.:35

. 0048 -2473. .0069 -5079. .0090 -7291. .0108 -8550. .0129 -9434. .0150

-9677. 4fhue pescr1p@ioN® - 9955 . Orupph@aPOn 1r XoORN 10443
F2_Y Pintle column load from spade Y
8 assembly
F1_X | Upper pintle shear force from X

0 spade assembly

U F10_Y=-F9_Y Force on trafl/lower carriage Y
from upper carriage
15
F8_Y=-F3 Y Force on recoil pads from Y
upper carriage
N0 F7_Y Force from spade assembly Y
M2 _ Moment (force couple(s)) from 1bf-ft
2 spade assembly : N
) F-FLOAT_Y Vertical ground force on float Y
AN (=R2Y) (vertical reaction number 2)
30 |
R2X Horizontal ground force on spade/ X
float (horizontal reaction number 2)
3  R1Y Vertical ground forces on trail end Y
{(vertical reaction number 1)
4 FTRACK _ Total {Net) track force

40

RP Total rod pull (recoil + recup.)

45

TABLE 9 (Continued)
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relatively

- a recoiling cannon assenbly (32) having a
centre of nass,.an.i.nitial, prefiring.positian,. and an i.njtial. prefiring

orientation; S®°° EPF 8 BIF 22°F [RPrT ©5F AP L L M YT em ( 10)

having a firing cycle and conpri sing:

_ - a crad!e
é@d@m“ék{&@gﬁ PRIrtion (12)

See0¥, | ne waMon assenbl y
g PRSI D oang an

R
7

X
7

- a carriage portion (12) fixed in
g
&
)

~-ajcarriage portion (12) fixed in

relation to the positionof theeporssays2em 55 - a:cradle portion (22) for

el evating the gun supported:by said carriage portion (12) and,

fixed during the firing cycle;

N Ty

R R O

¥

o
T~

e
2

EP 0 354 242 Bl [err] 1.A gun system (10)

i R (L
&

Q& sva%i.m < 0% QAUD-SHRRRLISE 2

mdrmaﬂgméﬁtmﬂﬁ

(32) havimg a=qeRirg PEITR

relation to the position of the gun system 55

having a firing cycle and conpri sing:
por fion (22)
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initial prefiring orientation; 50 - means for novably nounting said
cannon assenbly (32) in.relation to the said cradle portion (22) for travel
of the cannon assenbly on’a rgsgisks pai@j - recoil braking means (34,36) for
decel erating the cannon assenbly (32) during recgil; - neans (34,36) for
returning said cannon assenbly (32) to its initizal prefiring configuration;

5 - the neans for. m)vably nounti ng the cannbn assenbly (32)
i ncl UdicF'ga ats gegssc égl r c3:9ar al I-gi Scampat b t hse ((_,’6 <=agd associ at ed
cam f ol T ower neans oRe S S THer Siae of t € recoiling cannon

assenbly (32) whi ch constral n travel of the cannon assenbly on a recoil
path defined by the configuration of each canpath, characterised in that:

10 — ecaqi l athls a two. stage curvilinear path (66), the first
st age m&‘%ﬁ,}f&éﬁ%‘sﬁﬁ N%ﬁ&’ih@-ﬁl i?b-ou:dse-qorﬁ go"e?:!i&nu;%ward force and

verti caiuﬂaeek%aimsme@u&%#@é ok DEs BReH Qfew b sai d recoiling”
cagnon ?%@ﬁbf’v”(‘?ﬁ?{)"’dm’%?&ﬁ@ﬁ?ﬁg@?@ﬂ}?@ﬂf%@“ﬁi foltlogw ng ]Ehe
iTs [ a _confiqur on _differen rQ e _sai irst stage for
causi ngo%tcog] ‘gg"“'\qéﬁk ”Ne‘?oé%gﬁénm«%m'ﬁss&nbl y (32 gurl ng
Jecoil wahd d& o o o over bl &,eﬁe{&ubba&ldlgi S)S b b 3B o ae decel eration
‘reans R° TR & L'P IRy 2a° IRPAP OF Y OrDITE P &t O f EIPCP dbityeantP Control | abl y
degel erating said cannon assenbly (32), adapted such that the maguitude of

t he retardi ing force is matched in a predeterm ned rel atlonshlp to the
conflgwa?tw}nmogﬁﬁemtmﬁaaﬁocﬁl"é)ﬁr&gmrﬁ%ﬂg&ﬁh‘e’%uﬁ thad - in the
first skape & kecidsd dnbaheiys, dbatdal Kidihd duhent DB she Jecoi | Sforces is

over CONBePY & BEn2Q w0 —w o el LSl t of“t he forces
kesgul timg @m%ghegea\gm mgtéﬁﬁ%aﬁwgﬁggco%ﬂ%ggg i ngScannon

*

assenblcygé mmcbhnemo-uwedownfmguha&rlempoﬁwemoi-{.he:fof:st sage of the
curvil im&ak tecdil ‘pdth {66) hnd'the' doheht bf' t'hé St'ati & Wei ght eof the gun

syst emé@Lmandmégéb@oS@wwﬂwg R LNE W Nid heas L &eoi | —path (66)
t he mg@ %)gs"g‘egtg??oiggg ﬂ”ﬂﬁﬁmbebhwtchehm forcew and t he
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the gun system (10). 2. A gun systemas claimed in Claim1 characterised in
that the first stage of the curvilinear recoil path (66) has a |inear
portion shaped to maintain:the G ebss 24000 | ent_a :on of the said cannon
assenbly (32) a 30 t he beg| nni ng of recoil.=3:" A gun system as cl ai ned
either in daim1 or 2 characterised in that the curved configuration
portion of the first stage of the curvilinear recoil path (66) has a
portion of deqs@éowaédsg%gfoetggaéwgagégeglég%woo;agcmI travel
of the said cannon assenbly ( . A gun systemas clainmed in any or
nor e of the preceding clains character| sed in that the second stage of the
curvilinear recoil path (66) has a portion of Iinear configuration. 5 A
gun system asmcl—e:pn%dotﬂnancy\:ortewnmr-eoofmmhe &g~et alan@

char act er inse® ‘i +hak 1 B Sar 6 A8 S = S&EBAI ST Bde -o? A REBTT NI Bnear recoil
path (66) ha?%?@ﬁw&&ﬁ@&ﬁﬁiﬂe°5’p'-ﬁ§‘s£t‘?e~cqﬁﬁeﬁﬁﬁﬁl$mﬁat of the
sai @ curved configuration portion of the first 'stdgk.? 6. A'glin' $ystem as
claimed in aBy3WSQE PRGEY B OJNEIZILE IRER L BERE That the
said secopd Sl&gksQf bt Lideas Jeehblb faly L 88 hAS LoPALtbehscurved in
the sane 6ireq iy IE I 8E SR E TWIGRER 5 0 TOM FgBIFAL Fon “peraPon of the
first stage, th& ¢turve of the said portion of the second stage being

shald over {haf LS LUYE Oh ) N8, 8Abth CHued contl g atban artign of the
first stage. SR ~Argumn rsyst enm ase 6] arnee KM anyoct ~ne preeedrmrgecl ai s
characteri sed>¢w@|¢at«vsa|«dmm<f-ommﬁab4'ehfmumtomgnssa\dwoamwn assenbl y
(32) inrel atslrom&t:@-tvhemszamdoe«ad:lce:pont¢w msecsvfma-ns for 50

.M N O .
Maj Nt ai ni pg The exi & -0} A he ¢ cann'o\neg_‘ssg’u C0=(hg initial
pref? ri ng”or Feniabicon 3 B SgheUt ~sa N ;
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2 2
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] D ] | O S I T R i
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E ) %
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cam f ol koWer nﬁﬁt‘g 5 .|°§ TRy mUM Y 557 7 OR FRUURRAON d@senbly
(32} 9::Ag&n°§§/§'t°éf?1 P AT R URP BIROGT OB A6 OhE PP&Bditg C ai s
1 to 7 Ctharag&H ST RAIPF 2 GHE TAHIIARDA R B RSB Y KRQRRB on said
cannon &sSent] 3 Y'32) ~ANtt S840 TAM TH RARIS MEANS (T RE T EM Y 354 242 Bl
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fixedly:-nounted on said cradle portion:(22). 10.. A gun systemas claimed in
Claim8 characterised in that the cannon assenbly (32) conprises yoke neans
(46) supporting and hou5|ng Sagplp agnppgpssenbl y (32) for attaching the cam
foll ower neans 5 (56)to the cannon assenb).y:>11. A gun system as
claimed in aim9 characteri'sed in that said cannon assenbly (32)

conpri ses. yoke, neans suppoptlng and .housi,ng sai g .cannqn, assepb) y (32) for
attachifg FIRTAMAR I 4P A6 P eccamerP &S 9.2 PP R AgerPsyst em as
claimed in Claim8 or 10 characterised in that the said camfoll ower neans
conprises parallel left and right forward camfollowers (54a, 54b) attached
to %said cannon assenbly. (32) on opposite sides of the |ongitudinal axis of

recoi | mzn%:p:a@@rmmmgz;mmmf 2GR SREPE MEF of the
cannon o@@f@gé(ﬁgécgnd parallel: heft: an o rg:é eal: cam-fold owers (56a,
10 c@ﬁs

56b) ate mm«s9|~dm0anﬂemass gsnteasudes of the -
| ongi t udi'nal * dxi's' of ‘redof 1' 8f ' t'hé tanhoh asfsén'bly redrndrd bf' the centre

of masg ARG SHEE REBWHRE EE MTDE Pt S 8@3:@& L@ PHrd canpat hs

(64a, €4b). cand: dalal Ll o §1 a0 &b} TS ~GAPPRLLS (662 &6 ~at tached to
the cr atltceeopd i Pon (22 wanck ‘posmponeqj‘ot‘em\wab#‘ytengagreos&awddteft and

right forward and rear camfollowers (54a, 54b, 56a, 56b) respectively. 13.

A gan system as claimed in aim9 or 11 characterised by havi ng«parall el

left andr&@hls L& BEE KBRS SR BaHE THAMR %\SS‘.E@DW‘@Z) on

0pposi euwskdb s dic e o Agid 4di aBL &x & SR Kecal L 0L Lhe gnhgnsd$senbl y,

and paighl gl [De;tw@n‘g‘gqg_lqt éfL gampaths at t_gg,heqzh ) e gannon #ssenbl y
@

............... anal @ 5 afin reass R ot i ~cern

as<enbl PQ@&@W@|AS~V\BF~S®@&H&L€5&Q?QMMFC&WN-SI—HQAJ-'(&E6ﬂ-d ri ght
forwar di Gam Yol 'oler $ ardd' I'ef't* dnd Fi'ght ' r'i dht ‘cand f'ol'l bel s' dtfaghed to

the cr %SIEEQRPEJLQH%&@)« SUCN & Bah L B LS < Qich LAk, LRl u,rtgcpa.scu"r on, the

centre® ~Carm oM as serint K2 b-etvveen t he
fogvvarq__,EEE@ zgrﬁtoﬁna%(?gr%%gﬁqgﬁﬁaﬁ”gﬁht a?sél caﬁ ol-l@vers. 30

14" A gun Sy stem as ¢l ained T any ofe o hore of 1 he preced ni ng “&aims 8 to
13 charcast“‘r %ﬁﬁ&giﬁsftﬁ wgﬁtﬁﬁtéﬁlﬁ(ﬁ@&a@gﬁﬁ%ﬁﬂeﬁt one track
| ocat e, R & NI Y. DoUS MG ‘AMCsargca R R FHRER TnRan S, 56T <Eorrprl ses at
east OhE NOf Ker agsenpiome (62)2 fow Tejtlf;e?uew gefente £re Eite @ raek. 15, A

gu systemas clained In an one or of 't he precedl ng Clalms 8 to 14

char actren @adl oi A o Bads of ke como&aLdoaa-srpa&»hn(\BG)msoap-nos-esbaatmleast one

< Wy w

left hahd ERSA@ Y ARES ATBE IR HE g 3 N
e B b - R Sl S S S - e - S S i g -

35 ........ ® ® & ® 8 % & * a ¢ 2 = o L ] » L] L] » [ ] L] . * L] L]
LNOS OUVOUVINNOWVIOINALTATOVNNCTUVIMWBONWOM SN NM
VONO A= NN TTUONNWONRNOOANOe N ML W0 et S WD~

L e N e e el e N N o e o o o . XL - RN Rl N W W W e N e W

— -t

40 ccccc L . - L] [ ] . ‘a‘ ---------------------
O NN NN NOOTOULWMANOUWE T Med PO ™M e OV OD WD O W O« 4 \O O
VONL AT N NAHMNMNWREOANNMTNWWOWNRARNOOTNOOMOWOLWOO

MY T TTNIUIUVDNVOVOYOOUWODYOWODOUVYODLVLYWOWUIINNTMNNN OO
ORISR ANTNTNNNNRNNANNN
OUVMOoOWOoOLOWOWUMOWMODULOUWIODWUOWOWOWMOWOWMOWMOWLMOWMOD

45 NN OO NN e NN M T TR DWW NP NOD e NN
et vl el A QI N NN NNNMNUNNNNMNMNMNAUNNNNOIM MMM

50

56

46



and sai.d cam fol | ower nmeans (56} '.corrp.r_i ses "correspondi ng left and right
hand track foll owers 56a, 56b). 16. A gun systemas clainmed in Caim14
mul tiple

characterised in that the roll gp p@acablet (62) conprises a 40
1

roller set.

17. A gun systemas clained in dai

6 characterised in that

the nultiple roller set has-a trapezoidal:.

| ongi

ii nal

Cross section.

45

18. A nethod for stab|I|Zing a gun system upon firing, the gun system
conprising a non-recoi.ling.carriage portion, ((12)., .a.cradle poctjon (22)
rMaMynmme@@@ﬁ#&&ﬁﬂQERBWRWOQP@9¢MQQQREQQwMMy(%)
havi ng a | ongi tudi nal tube axis, and a centre of nmass and bei ng novably
nourft ed on the cradl e .portion (22) for constrained travel during recoi
along a recoil path by neans of at |east a pair of parallel canpaths (66a,

66b) and assoc@a:eezig:ar@m:@mwmm@“m%mmam"shape of the
50 recor efﬁr\r%‘ggg:gl N “p raki ng ‘gg Lem(34: °3‘§)mi-gg br-akl ng the

Nl Ny
cannon assenbl Yy & NG b @G| GRS hSES b e-pe: of ;

condtraining the centre of mass of the recoi | i ng ¢ahrdoh aésénbly (32) to
move upwards aPUEE LE EZPRAPIR AT BEE SRFHT D EDP S ®Tproduce an
-\Jﬁ)ward forcg a@e"(ﬁﬂk@h@@ﬁ@.ﬂ@@&” SEbIeNts EQ e Ce'qgr; pf mass of

e recoil i®g cammerr 'asssmb vmwwvutormbrm«nmngﬂ reeoi | i ng
0 WO O WD
canppon assenbly ®nethe second s"f’age %8’ move al ong a second path

of " recol
having a configufation different fromthe curved path of the first stage to

appl y a contr o BE BB R IEBIDLALE DE DRIIVNESTREL (32); 52
EP 0 354 242 BL 2 HLbdi CLALY. AL oDls @ EIL dRce! 12U gL cannon

assenbly (32) durin cﬁ &means of mg_'crhecm _t.)rakln system(34 36)
s/ that t he mag:n\btml%e— ~L B6o EChat (MG B0 Gemat w Nt FE0 G In Wieala g syst em
(34, 36) is Batehadsiioan .ed-ebasmaﬂdéelrauo.rabhaéa-&he«ﬁer&ﬁt\gurat|on of
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the recoiling cannon assenbly (32) in the curved path of the first stage of
recoil, and the stabilizing nonent of the static weight of the gun system
(10), and - in the second; sta@@gmtﬂ?,g,urw | i near. recoil path (66) the

i nst ant aneous destab|I|2|ng nonents o smi’both the recoil forces
and the reaction to the déwhward force of the receiiing cannon assenbly
(32) durjng. t.he .contral Led, vertcal decel.eratjaqn, |s .overconme by the nonent
of the 9t<aﬂ<eq/\se|=gm°9fct=h=e=gamgﬁpeap(qs=)cclgowmonveﬁedbas claimed in
Claim 18 characterised by the additional initial step of constraining the

IS recoi ling cannon assenbly (32) to npve in a linear recoil path at
the begl nni ng  of reccg'i\lv'g:o n_pl ntai n_the 'El’efl rin or| entation of the cannon
assenbl K B Slre<id Bl PRIA 068 wred &b ka $6- BB o8 6 cl ai med in

T ai M 18 ok 4% nchard el & etaidiatid ate ths vbb ahmaséka&mag the centre
of massTor RRE TETIT MY TCARB ‘é’é'éé’ﬁ?)rﬁlnm%& ovE URRATal ong a curved
pat h i Nutde. fid s~ SLRG 0f o dn o 86 Ll 80 S & Kiuelh Ol Ry <GORSt rai Ni ng t he
ceftre B MRS B BRYVELNM M BahRED A SERH ' ¢ 2T 6 DA~ upward al ong a
path WwhBJBE T DT N G MR R PRURA UL N BB &I R the direction

of .recoil travel of the cannon assenbly. 21. The nethod as clained in any

of the Clains 18, 19 or 20 characterised in that the step of constraini ng
25 45 ggwl;ﬂ%ea@@nﬂag%ﬂ%ggomwag@ﬁf {:;p;qdo ath Bs carried
out by g“gf’g tlre‘;can'n > Bor L+ orr tgll ong: a sgqpﬂ_;gagg na t hasZa portion
of I|near con ,gur tc;‘g,nh @mnﬂgt 0 rgs‘_:_"(;l a_I_.II_’Ed Lnany or rmre'*of t he

d ai ns tro-u e—CR&FQObedn o & ﬁ’a? LB e Siep oot -ee-netcralml::ng tge recoil

cannon assend| c(eBa)mbbom)v&raI@agoausec-eﬁdmpﬁbhuh&vea-F-Hed:aaut by
dhegpl aciing W07 7 7 t'he 'chrndn’ pot t'i bl &l'ohd & 'sécbrdd’ path' t'hat' haswa portion
curved inw ke copRDSich & (did 86S Heblwfcs Qb tLhats ©fm &R oCuivadh pat k. of The first
st age. 232%@m&cmma@z’cg&mdammm&%&ﬁm@&x:z:al me2i18 to 21
charact géskd d 8 & Baf S Sted HE Lanstrdihind the Lebdil Scaphon @ssenbly
(32 iQ$m@éiqu@&@%@%B&b&&&&&@ﬁé&kﬂkmé@&%@g3?' the
on BECET AV ESTAVLRECRRLASSE QT DR TR LTS n the same
d' recti QNS asuthadts O NS FULYED AL 5 Ll SRBAIT 538 vk 8B8w» KBS Jhaving a

shal | ower ' curve! 24,1 The nethod: as' ol ai'med pn' any tone ort' nore of the Cains
19 to 2y ghapact-eri-sed by: t- t-he addl t-|-0ﬁa4 <step: of c-on?qt at g the tube axis

of ,4 he roeggmhlvn & @I B0 &SS €N NE-O-*F—&HM*& velco{:raa e initial 40
a?u°°°‘t‘ﬁf”‘a°h‘8 °f% FEBTCHCI%T Pat B a
preflrlng-'ennen oughout “the Tecoi cycle. at e a-n-sprllche 1.
Geschat zsystem (10) mit ei nem SchuBzykl us, wel ches fol gendes unfaBt:
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45 - ein Laf etten-Teil st~ck (12), das relativ zur Position des
GeschUt zsystens feststehend ist; - ein vom Lafetten-Teilstick (12)

gestat ztes und wfhrend des Schu tiv feststehendes

CGestel | -Teil stCck (22) zum Anhegéyhd%i?géghu zes;, - ein rlickstol ender
Kanonenr ohr auf bau. (32) nit-éi'nem Massenschwer purkt, -'ei ner anf Angli chen
Posi ti on vor dem Schi.eBen .und, i per . anf.dr nglichen O;ient|eryng vor, dem
Schieflen; 50 ©°®fccoeg ‘ﬁ@Eﬁ%H@MH’r@QQPP@P&tPPM@@@Wd‘@i | sttick
(22) beweglichen Hal terung des Kanonenroh- raufbaus (32) zum Bewegen des

Kanonenr ohr auf baus entl ang ei nes RUckst ol weges; - eine
RMckss oB- Brensei nri cht un 34 36 zum Abbrensen des Kanonenr ohr auf baus
(32) wfhrend de® RERST & BAN ol il 334 SHL 2R EkRohren des

Kanonenrohraﬁfba»s«i.%m‘sam%\amm,ngm@g,s S co s o SANQTANNITG VoI dam
Schi efen; - wobei=dl ¥ ‘EMhPIe M AT~ ZUF hevegt Pehenidat e runrg? ges

Kanonenr ohr auf b%m“(g?‘)m;‘grp\nfst <&l 0, Paar hparﬁglgl:l er Kurvengéheé%a 66b)

und ef’ne zugeor AR t@CKAFVORH @ﬂ@ldﬂH(OhilUﬁg'ﬂ( und

zwar j ewei | s2ei neoauk den@baebderan Seurﬂﬂodes\:&fd,é@tcof-b-ﬁdédolééée
Kanonenr ohr atif bau B& S & B I BUDE WS Behel iy QBT RABON &P $hPauf baus
atf ei nen ROcksto‘B\ﬁag zwi ngt, der durch die Anordnung jeder der Kurvenwege

defi n| ert wird, odadurch -oekepnzel et ., AaB, 5 &S, éloqjl pg __,Qg\mglggstol weg

um ei fien kruﬂm B gen REPS (P E) R irnm298 © AbS chwi < Bew vk o~

wobei der erstec'A@scHrFPFt—-'efﬁ-?evwsﬂﬂckﬂmvgek#@meﬁﬂmdmungcaef\/\/el st,

um ei ne aufwgrt -'\Pl'cht'ethe-i@&f{*t*u%ei aes el echictronom o wm

Beschl euni gupgsko rponent € wauls aeh - hSSans BB PIhRE 85 T kSt BiENden

Kapongnr ohr auf b?usagi}l w08z QB EG Ald- B8 R RERAEAD TS IR §ich an

den er st éR Abscgég ‘ahs'chl 1 Bt 'und' duf 'di'esén’ f'ol'gt,' &iné si'ch vom ersten

Abschni t tgyunt er pacerali sl o} g fn; D oS : kst oges

ei ne kontFol M eRe RN & Alsh mjpgrgl?ng* @t\@ggzwggﬂg:‘nﬁﬁ&uf baus

(32) zu vgranl a?s%Iq?CLFH@OCdaDSORUOkaOBCBDms:yS:tem(::374:366:)084:!&9:’ -

Abbr etfseiari cht gy vzu'rmEr@etlgeﬂ <€RE L Ve Zagent enNo ks ef 4 ~daf e aud we@t den
Re o5

Kanonenr ohr awf be;uo 0 GORRE lcod Ghae W@(ﬁ&ﬁ@@ﬁr&&mﬁ)zﬁmg
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wobei di e Abbrenseinrichtung so eingerichtet ist, daB die G ofBe der

- verzogernden Kraft in einemvorbestimten Verhaltnl s mt der Anordnung des
krumm i ni gen RUckst ol weges in. Zﬁtebséﬁ’%'f gt 1S T ten derart
abgestimt ist, daB - imersten Abschnitif das sof orti ge destabilisierende
Moment der RUckst o~kr gfte vom sofortigen stabi | i si érenden Monent der
Krafte, die aus der Reaktion auf die aufwarts gerichtete Kraft des

r Uckst oBendeps Saengns sl thdws (32 o T8 &8 Iek J & Jekgunmt er Anor dnung
des ersten Abschnitts des krummlini gen RUckst oBweges (66) resultieren, und
vom Monent des statischen YWo ~ ~ Gewichts des GeschUtzsystens (10)
Qber$wnden wird, und - imzweiten Abschnl tt des krumml i ni gen RUckst oBweges
(66) die sof arlisg@edest ald L sicuanden Myenb & savehd daf«RUckst o~krdfte
al s auch der "RR&RH | auf! dirgrapmanrs—geri A € KRt~ des r Uckst oBenden

Kanonenr ohr agf &gy ﬁ@ﬁ%%%%ﬁﬁﬁ(%@@ﬁ'm gemasgr;gheghten Abbr enmsung
Wi C

durch das Monent» des stati sohem ts des: sch asystens (10)
Uberwnden wes des —~ 3% & w@es.chld 25y & M g2l LRIPEUSIn L wdadur ch

gekennzei chn& 'dé‘B‘“d'éP@F%fﬁ“ﬂb?ﬁﬁﬁiﬂmd'é%‘kmﬁlﬁ‘rhﬂ”ﬁhﬁ RUckstoneges
(66). einen g i rm ist,

Beﬁ%nn des R§c§§0|§g§mf§§g@§]§t§%§§gis %%gg%%rﬁgjf@baus (32) vor dem
Schi,gBen aufrechtzuerhalten. 30 3. GeschUtzsystem genaB Anspr4ch 1 oder 2,
dadur ch gekernzeb ehaab o @aB<ta s Fohlstlck vt gekiOaies ~Aaor dniing des
ersten Abschfil titS “Has? R P NiYEN RS DOTIEGES B8R TeifstUck nit in
der Ri chtung<=d®rs RUCKS FoBefeythly Yes—tarmormeriroirad §488 ©32) ‘gdbnehnendem
Kr Umungsr adk Qf = et 9t ~3[ Nt~ @& nvg_eg&BNaPnem der nehreren
dex—%or her gerh;'g% egﬁns fﬁcﬁe- “dadurch gfgtklaé%ns:ger oh= net s ¢daB deg zZwei te
Abschnitt de® BrRRTiTIGE AR R%t.o‘ﬁ%ﬂ’% 786 BN e REUEK i n geradl i ni ger
Anordnung aufweist. \.-:' 5. Geschitzsystem gen®B ei nem oder ehreren der
vor her gehend&h=/h > - daB,der zweite
Abschni tt de?%m%ﬁ%eggj%@gQgﬁﬁm%ﬁﬁﬂgﬁ.@k auuf-\'(/j\el st, das
in & e ent gegengesetat & Bis ki crycorelat @ o des penigedes Tei ﬁstUcks in
gekrumt er AgoidA @ desS—~64 &t @R+ ADSERI bi-S~gaks Ik &b o B GeSchUt zsyst em

gemaB ei nem &R &@E@@Efﬁﬁl@fﬁ BER BAS & i3S IS gekennzei chnet,
dab 45 d@@@&%@ﬁ@@ £ QP@ JKL;U-H‘II L8R Rablsskof weges (66) ein

Tei st Uck aufwei sty tdast i'n1 di e glerche Richtung 'w e das iTeil stOck in
gekrrmmt er An or-dnung des «erstensAbschnd tst s gekrUrnmt +4 st. wobei die
omMmr~M NN O MMM NS A OO TEMNMOINe =~ OO0
NN T M ONONS OO T T MO
OO OD M M P M P P PP P S s P S S B S PSP
ol vl ped ol ed gl el pot pon] v et et gt el el ol el Ol et ol ] e et e o] e oy e
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50
Claims

1. A gun system (10) having a firing cycle and comprising:
- a carriage portion (12) fixed in relation to the position of the gun system;
55 - a cradie portion (22) for elevating the gun supported by said carriage portion (12) and relatively
fixed during the firing cycle; .
- a recoiling cannon assembly (32) having a centre of mass, an initial prefiring position, and an
initial prefiring orientation;

50



KrUmmung des Telisticks des zweiten Abschnitts schwacher ist als die
Krummung des Teil st Ucks in gekr Omter .Anordnung—des-ersten Abschnitts. 50
7. GeschUtzsystem gemaB ei nem der vorhergeh&nden AnsprUche, dadurch
gekennzei chnst, daB die Einrichpeagazds giel ativ HMIWIEHN““W tck (22)
bewegl i chen Hal terung des Kanonenrohrauf baus (32)¥&A8H N g daf Ur
unfalt, die Achse des Kanonenrohraufbaus (32) wahrend des geSanten

RUckst oBzykl us paral lel zur anfanglichen Oientieryng vor dem Schi eBen zu
hal ten. 55 o8 desshbizeystos¢elak & saicddas Jehs ey énader vor her gehenden
Anspr Uche, dadurch gekennzeich- net, daB der Kurvenweg (66) fest am
CGestell-Teil stOck (22) gehaltert ist und die Kurvenrolleneinrichtung (56)
fest am Kanonenrohraufbau (32) gehaltert ist. 54 EP 0 354 242 B1

I 1111111 ~ 4 bleold H & A Hler Gr «Gose hlUbzs pstoeo gegeBeveem oder nehreren
der vor herg&ﬂ%rﬁl?n‘?Aﬁ?pﬁU’éﬁ'e’!fﬁb’ig"?ﬁEa'agah"."e%e‘?aﬁzﬁi"dﬁhet, daB der
Kurvenweg (B4 & B5& &8 SR 0HEM, BHLQEPEE G32)~ 0bRd BEHtG &t und die
Kur,yenrol | efefntitcht ung *( 54) *f st tam'Gast el I'- Teli I'st CcR (22) gehaltert ist.
5 10. Gescittzsysbaproenal Amprmoh By dalers iy gekennzgichnet, daB der
Kanonenr ohr aut-bau- -é‘i)-zum'Aanngen der «Rura/ent ol =-enei Ar ¢ chtung (56) am
Kanonenr ohr $UERALE i%&ﬁt@@ﬁiﬁé’eﬁ%ﬁh@@@£$@£@$ﬁit‘é&en '
Kanonenr ohrauf bau (32) stttzt und unschlieflt. 11. GeschUt zsystem genaB
Anspruch 9, dadurch gekennzei chnet, daB der Kanonenrohraufbauz32) zum 10
Anbringen d EVEREISS e K 9F Qi e BUgd) ei nrichtung
unfaBt, di e%%g a'r\}onen‘r“-ohrgg%f %Xz 3 ggﬁ 2 -%gl%?s%h%ge& : %2.

GeschUt zsysTemenBE AnSpr Geh B odeY 10, ~ dadur chSgekennZ & chnat, daB die
Kur venr ol | eBERE BRI BENREFHERS DAIZIZ RS S LRE und G echte
vortlere Kurypgrdhl &ns(Hdas pdh < Jid Al gdrllberlitdeldsis 2 den Seiten
der Langsachse des *Ruckst oBes des tKaronenrohr auf baust (132)' und yor dem
l\/assensch\‘/verN- pur_;k;tq des Kanonenrohralé;c baus 32)mam Kanonenr ohrauf bau (32)
angebracht &1 Bd5 wRKE BREaE re-6o [ Ba AIBNT ke et 6. B deeo &lr verw ol | en (564,
56h), die alfdRyericA ¥ieFeRdeit Sen{eh W&t "LanySdcAst e RUGK st oBes des
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Claims

1. A gun system (10) having a firing cycle and comprising:
- a carriage portion (12} fixed in relation lo the position of the gun system;
5% - a cradie portion (22) for elevaling the gun supported by said carriage portion (12) and relatively
fixed during the firing cycle; _
- a recailing cannon assembly (32) having a centre of mass, an initial prefiring position, and an
initial prefiring orientation; .
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4. A gun system as claimed in any or more of the preceding claims characterised in that the second
stage of the curvilinear recoil path (66) has a portion of linear configuration.

[N 6. A gun system as claimed in any one or more of the precading claims characterised .in that the said
40 second stage of the curvilinear recoil path (66) has a portion curved in the opposite direciion from that
of the said curved configuration portion of the first stage.

6. A gun system as claimed in any of the precedin'g Claims 1 to 5 characterised in that the said second

stage of curvilinear recoil path (66) has a portion curved in the same direction as the said curved

45 configuration portion of the first stage, the curve of the said portion of the second stage being shaliower
than the curve of the said curved configuration portion of the first stage.

7. A gun system as claimed in any of the preceding claims characterised in that said means for movable

mounting said cannon assembly (32) in relation to the said cradle portion (22) comprises means for

50 maintaining the axis of the cannon assembly (32) parallel to the initial prefiring orientation throughout
said recoil cycle.

8. A gun system as claimed in any one or more of the preceding claims characterised in that the campath
(66) is flxedly mounted on said cradle portion {22) and said cam follower means (56) is fixedly mounted
55 on said cannon assembly (32).

9. A gun system as claimed in any one or more of the preceding Claims 1 to 7 characterised in that the
campath (64) is fixedly mounted on said cannon assembly (32) and said cam follower means (54) is
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30 14. A gun system as claimed in any one or more of the preceding Claims 8 to 13 characterised in that the

said campath (66) comprises at least one track located in a guideway housing and said cam follower
means (56) comprises at least one roller assembly (62) for roller engagement in the track.

15. A gun system as claimed-in any one-or more of the preceding Claims 8 to 14 characterised in that the
35 said campath (66) comprises at least one left hand track (66b) and at least one right hand track (66a),
and said cam follower means (56) compnses corresponding left and right hand track followers 56a,

56b).

"\s_,.-f: 16. A gun system as claimed in Claim 14 characterised in that the roller assembly (62) comprises a
40 multiple roller set.

17. A gun system as claimed in Claim 16 charactensed in that the multiple roller set has a trapezoidal
longitudinal cross section.

45 18. A method for stabilizing a gun system upon firing, the gun system cornprising a non-recoiling carriage
portion (12), a cradle portion (22) rotably mounted on said carriage portion, a recoiling cannon
assembly (32) having a longitudinal tube axis, and a centre of mass and being movably mounted on the
cradle portion (22) for constrained travel during recoil along a recoil path by means of at least a pair of
parallel campaths (66a, 66b) and associated cam follower means (56a, 56b) defining the shape of the

50 recoil path, and a recoil braking system (34, 36) for braking the cannon assembly during recoil, which
method comprises the steps of;

- consfraining the centre of mass of the recoiling cannon assembly (32) to move upwards along a
curved path in a first stage of recoil to produce an upward force and vertical acceleration
component to the centre of mass of the recoiling cannon assembly;

56 - constraining the recoiling cannon assembly in the second stage of recoil to move along a second

path having a configuration different from the curved path of the first stage to apply a controlled
vertical deceleration of the cannon assembly (32);
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23. The method as claimed in any one or more of the Claims 18 to 21 characterised in that the step of

constraining the recoil cannon assembly (32).to move along a second path is carried out by displacing

35 the cannon portion along a second path that has a portion curved in the same direction as that of the
curved path of the first stage, but having a shallower curve.

S 24. The method as claimed in any one or more of the Claims 19 to 25 characterised by the additional step
oot of constraining the tube axis of the recoiling cannon assembly (32) to remain parallel to the initial
40 prefiring orientation throughout the recoil cycls.

Patentanspriiche

1. Geschiitzsystem (10) mit einem SchuBzyklus, welches folgendes umfaBt:
45 - ein Lafetten-Teilstlick (12), das relafiv zur Position des Geschlitzsystems feststehend ist;
- ein vom Lafetten-Teilstick (12) gestiitztes und wahrend des Schuizyklus relativ feststehendes
Gesteli-Teilstiick (22) zum Anheben des Geschiitzes;
- ein riickstoBendsr Kancnenrohrautbau. (32) mit einem Massenschwerpunkt, einer anfinglichen
Position vor dem SchieBen und einer anfinglichen Orientierung vor dem Schiefien;
50 - eine Einrichtung zur relativ zum Gestell-Teilstlick (22) beweglichen Halterung des Kanonenroh-
raufbaus (32) zum Bewegen des Kanonenrohraufbaus entlang sines RiickstoBweges;
- eine RiickstoB-Bremseinrichtung (34, 36) zum Abbremsen des Kanonenrohraufbaus (32) wihrend
des RuckstoBes;
- eine Einrichtung (34, 36) zum Rickflihren des Kanonenrohraufbaus (32) in seine anfingliche
55 Anordnung vor dem SchieBen;
- wobei die Einrichtung zur beweglichen Halterung des Kanonenrohraufbaus (32) zumindest ein
Paar paralleler Kurvenwege (66a, 66b) und eine zugeordnete Kurvenrolleneinrichtung (56a, 56b)
einschlieBt, und zwar jeweils eine auf den beiden Seiten des riickstoBenden Kanonenrohraufbaus
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RickstoBes die Orlentlerung des Kanonenrohraufbaus (32) vor dem SchueBen aufrechtzuerhalten.

brem em‘?‘c%g o

30 3. Geschlitzsystem gem#B Anspruch 1 oder 2, dadurch gekennzeichnet, da das Teilstlick in gekrimmter
Anordnung des ersten Abschnitts des krummlinigen RlckstoBweges (66) ein Teilstlick mit in der
Richtung der RiickstoBbewegung des Kanonenrohraufbaus (32) abnehmendem Krlimmungsradius auf-
weist.

~ 35 4. Geschitzsystem gemiB einem oder mehreren der vorhergehenden Anspriiche, dadurch gekennzeich-
net, daB der zweite Abschhitt des krummlinigen RickstoBweges (66) ein Teilstlick in geradllmger
Anordnung aufweist.

\_; 5. Geschltzsystem gemaB einem oder mehreren der vorhergehenden Anspriiche, dadurch gekennzeich-
40 net, daB der zweite Abschnitt des krummiinigen RiickstoBweges (66) ein Teilstlick aufweist, das in die
entgegengesetzte Richtung relativ zu derjenigen des Teilstlicks in gekrlimmter Anordnung des ersten

Abschnitts gekrlimmt ist.

6. Geschiitzsystem gemiB einem der vorherhgehenden Anspriiche 1 bis 5, dadurch gekennzeichnet, daB

45 der zweite Abschnitt des krummilinigen RickstoBweges (66) ein Teilstlick aufweist, das in die gleiche

Richtung wie das Teilstlick in gekriimmter Anordnung des ersten Abschnitts gekrlimmt ist, wobei die

Kriimmung des Teilstiicks des zweiten Abschnitts schwécher ist als die Krimmung des Teilstiicks in
gekrimmter Anordnung des ersten Abschnitts.

50 7. Geschiitzsystem gem#B einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, daB die
Einrichtung zur relativ zum Gestell-Teilstlick (22) beweglichen Halterung des Kanonenrohrautbaus (32)
eine Einrichtung daflir umfaBt, die Achse des Kanonenrohraufbaus (32) wahrend des gesamten
RiickstoBzyklus parallel zur anfinglichen Orientierung vor dem SchieBen zu halten.

55 8. Geschlitzsystem gemiB einem oder mehreren der vorhergehenden Anspriiche, dadurch gekennzeich-

net, daB der Kurvenweg (66) fest am Gestell-Teilstlick (22) gehaltert ist und die Kurvenrolleneinrichtung
{56) fest am Kanonenrohraufbau (32) gehaltert ist.
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ladite por‘%‘l @aschiiizsysiems gerpafadnspiugh @ oderath d?ﬁwrcwebqnmh@éeﬂag@e fP'@F"é?fu?%'SHe

| adite Porti 'E?f?“ﬂe E'Bﬁf’i"%;’ﬁ?*}ﬁ% Yot preage. gl ﬁ“bgagg‘“be"‘e’g@'?d@‘i‘r?’%ﬁe%d a°h§° des

Systbme a caiheiest 8?? “ﬂ}?émlﬁﬁ‘éq’aﬁ?)ﬁ Jian §°hi’aé'0" th l:%ﬂg T% %ﬁ "g;;
on

| urvenro

Cg.rzac.t eri se ﬁﬁ %nte J N nw ne %3% su§a wobe Ieneinrlc ung
( L/par rap, é und Ia‘:téorsg§ 5 r@g?x qg’n un lu‘qn(%% g rvenrollen umfaBt, die so am Gestell-

30 Teilstlick (22) angebracht sind, daB sich der Massenschwerpunkt des rlickstoBenden Kanonenrohrauf-
baus (32) in der anfinglichen Position vor dem Schiefien zwischen den vorderen linken und rechten
und den hinteren linken und rechten Kurvenrollen befindet.

14. Geschiitzsystem gem#B einem oder mehreren der vorhergehenden Anspriiche 8 bis 13, dadurch

35 gekennzeichnet, daB der Kurvenweg (66) zumindest eine in einem Fiihrungsbahngehéuse befindliche

Spur umfaBt und die Kurvenrollensinrichtung (66) zumindest einen Rollenaufbau (62) zum In-Eingriff-
Nehmen der Rollen in der Spur umfaBt.

\FJ 15. Geschiltzsystemm gem3B sinem odet mehreren der vorhergehenden Anspriiche 8 bis 14, dadurch
40 gekennzeichnet, daB der Kurvenweg (66) zumindest eine linke Spur (66b) und zumindest eine rechte
Spur (66a) umfaBt und die Kurvenrolleneinrichtung (56) entsprechende linke und rechte Spurrollen (56a,

56b) umfaBi.

16. Geschiitzsystem gem3B8 Anspruch 14, dadurch, gekennzeichnet, daR der Rollenaufbau (62) einen
45 mehrteiligen Rollensatz umfaBt.

17. Geschiitzsystem gemdB Anspruch 18, dadurch gekennzeichnet, daB der mehrteilige Rollensatz einen
trapezfrmigen Langsquerschniit aufweist.

50 18. Verfahren zum Stabilisieren eines Geschiltzsystems beim SchieBen, wobei das Geschlitzsystem
folgendes umfaBt: ein nicht riickstoBendes Lafetten-Teilstlick (12), ein Gestsll-Teilstlick (22), welches
drehbar am Lafetten-Teilstlick gehaltert ist, einen riickstoBenden Kanonenrohraufbau (32), der eine
Rohrachse in Lingsrichtung und einen Massenschwerpunkt aufweist und beweglich am Gestell-
Teilstlick (22) dafiir gehaltert -ist, wihrend des RiickstoBes mittels zumindest eines Paars parallsler

55 Kurvenwege (66a, 66b} und siner zugeordneten Kurvenrolleneinrichtung (56a, 56b), die die Form des
RickstoBweges festlegen, sine srzwungene Bewegung entlang eines RiickstoBweges auszufiihren, und
ein RiickstoB-Bremssystem (34, 36) zum Bremsen des Kanonenrohraufbaus wéhrend des RiickstoBes,
wobei dieses Verfahren folgenda Schritte umfaBt:
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13 SySLpWRydnrérGs ed%bhl B Jd@:\/fﬂ“éh&a%'déﬁbnﬁ’zef&hhel btes Q& RAkiOhdsAirgBnsCRrs U’ i |
present e 1@RSerkséntsPliskied GteS 3RstoBenden Kanonenrohraufbaus (32) wahrend der ersten Phase des

30 RiickstoBes zu einer Aufwirtsbewegung entlang eines gekriimmten Weges dadurch ausgefiihrt wird,

da der Massenschwerpunkt des rlickstoBienden Kanonenrohraufbaus (32) gezwungen wird, sich

aufwirts entlang eines Weges zu bewegen, der in der Richtung der RlckstoBbewegung des Kanonen-
rohraufbaus ein Teilstlick mit abnehmendermn Kriimmungsradius aufweist.

35 21. Verfahren gemiB einem der Anspriiche 18, 19 oder 20, dadurch gekennzeichnet, da der Schritt des
Zwingens des riickstoBenden Kanonenrohraufbaus zu einer Bewegung entlang eines zweiten Weges
dadurch ausgefUhrt wird, daB das Kanonsenrohrieilstiick entlang eines zweiten Weges verschoben wird,
welcher ein Teilstiick in geradfiniger Anordnung aufweist.

40 22. Verfahren gem&B einem oder mehreren der Anspriiche 18 bis 21, dadurch gekennzeichnet, dal der
Schritt des Zwingens des RiickstoB-Kanonenrohraufbaus (32) zu einer Bewegung entlang eines zweiten
Weges dadurch ausgeflhrt wird, daB das Kanonenrohrieilstlick entlang eines zweiten Weges verscho-
ben wird, welcher sin in dis entgegengesetzte Richtung relativ zu derjenigen des gekrlimmten Weges
des ersten Abschnitts gekrlimmtes Teilstlick aufweist.

45
23. Verfahren gem#B einem oder mehreren der Ansprliche 18 bis 21, dadurch gekennzsichnet, da der
Schritt des Zwingens des RilckstoB-Kanonenrohraufbaus (32) zu einer Bewegung entlang eines zweiten
Woeges dadurch ausgefiihrt wird, daB das Kanonenteilstiick entlang eines zweiten Weges verschoben
wird, welcher ein Teilstlick aufweist, das in die gleiche Richtung wie die des gekrlimmien Weges des
50 ersten Abschniits gekrlimmi ist, aber eine schwichere Kriimmung aufweist.

24. Verfahren gem3B einem oder mehreren der Anspriiche 19 bis 25, gekennzeichnet durch den zusé#izli-
chen Schritt des Zwingens der Rohrachse des riickstoBenden Kanonenrohraufbaus (32) dazu, wihrend
des gesamten RiickstoBzyklus paratiel zur anfénglichen Orientierung vor dem Schiefen zu bleiben.

6 :

Revendications

1. Systéme & canon (10) ayant un. cycle de tir et comprenant :
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58 sV i- force de ralentussem/gﬂil:pogr déplérey g maniére prévisible et contrélable ledit ensemble a

i1l 11111 f f 1¢1an3r1(f§) idapte de telle fagon que la grandeur de la force de ralentissement correspond en un
rapport predeterminé a la configuration du trajet de recul curviligne en deux étapes, tel que
- 3 la premiére étape le moment de déstabilisation instantanné des forces de recul est vaincu par
le moment de stabilisation instantanné des forces résultant de la réaction 2 la force ascendante
. de I'ensemble & canon & recul (32) dans la portion de configuration curviligne de la premiére
N~ étape du trajet de recul curwllgne (66) et le moment du poids statique du systéme & canon (10),
30 ot
- 2 la seconde étape du trajet de recul curviligne (66) les moments de déstabilisation instantannés
& la fois de la force et de recul et de la réaction & la force vers le bas de I'ensemble a canon &
recul {(32) pendant la décélération verticale contr6iée sont valncus par le moment du poids
statique du systéme & canon (10).
35
2. Syst®me & canon selon la revendication 1, caractérisé en ce que la premiére étape du trajet de recul
curviligne (66) posséde une portion linéaire formée pour le maintien de I'orientation préalable au tir
dudit ensemble a canon (32) au début du recul.’

w0 3. Systdme 2 canon selon la revendication 1 ou 2, caractérisé en ce que la portion de configuration
courbée de la premidre étape du trajet de recul curviligne (66) présente une portion & rayon de
courbure décroissant dans le sens de déplacement du recul dudit ensemble & canon (32).

4. Systdme a canon selon I'une queiconque ou plusieurs des revendications précédentes, caractérisé en
45 ce que la seconde étape du trajet de recul curviligne (86) présente une portion & configuration linéaire.

5. Systéme a canon selon I'une quelconque ou plusieurs des revendications précédentes, caractérisé en
ce que ladite seconde étape du trajet de recul curviligne (66) présente une portion courbée dans le
sens opposé & celui de tadite portion & configuration courbée de la premiére étape.

50

6. Systdme 2 canoti selon I'une quelconque des revendications précédentes 1 & 5, caractérisé en ce que
ladite seconde étape de trajet de recul curviligne (66) présente une portion courbée dans le méme
sens que ladite portion & configuration courbée de la premiére étape, la courbe de ladite portion de la
seconde étape étant moins prononcée que la courbe de ladite portion & configuration courbée de la

55 premiére étape.

7. Systéme & canon selon I'une quelconque des revendications précédentes, caractérisé en ce que ledit
moyen de montage mobile dudit ensemble & canon (32) par rapport & ladite portion de berceau (22)
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i niktt al e |§4bogeg e € a canonh ) a
se ddplacer dans un trajet de recul Ilnealre au debut du recul pour

Mai Nt enis, Sysmé @ethithistibn RIE&@hddlich P8l 11, EarsbRrité SNSRI pRss8ntE 8RR e(s?b%) ,ggndant
'l a prem er®apas bavehelst do it pardied Biachde BNRERMBR 12N 6¥32’) QYredesl s 6p95'séi
19, car actiéxe Isr@Budmal daedliae lensbivRE dfonC Etitles Rdjdls e Ehbhe GRBIE'HB gl he et de droite
paraliéles attachés & I'ensemble & canon sur des cbtés opposés de I'axe longitudinal de recul de
35 I'ensemble & canon, lesdits moyens suiveurs de came (56) comprenant des suiveurs de came avant de
gauche et de droite et des suiveurs de came de gauche et de droite attachés aux portions de berceau
(22) de telle sorte que dans la position initiale préalable au tir, le cenire de masse de I'snsemble &
B canon & recul (32) est situé entre les suiveurs de came avant de gauche et de droite et arrigre de
./ gauche et de droite.
40
14. Systdme a canon selon I'une quelconque ou plusieurs des revendications précédentes 8 & 13,
caractérisé en ce que ledit trajet de came (66) comprend au moins une piste située dans un logement
de guidage et ledit moyen suiveur de came (56) comprénd au moins un ensemble 2 rouleau (62) pour
I'engagement du rouleau dans ia piste. :

15. Systtme & canon selon I'une quelconque ou piLsieurs des revendications précédentes 8 3 14,
caractérisé en ce que ledit trajet de came (86) comprend au moins une piste (66b) de gauche et au
moins une piste (66a) de droite, et ledit moyen suiveur de came (56) comprend des suiveurs de piste
de gauche et de droite correspondants (58a, 56b).
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16. Systéme & canon selon la revendication 14, caractérisé en ce que I'ensemble & rouleau (62) comprend

un jeu de rouleaux multiples.

17. Systéme a canon selon la revendication 16, caractérisé en ce que le jeu de rouleaux muhtples présente
56  une coupe transversale longitudinale trapézoidale.

18. Méthode de stabilisation d'un systéme & canon lors du tir, le systdéme 2 canon comprenant une partie
d'affOt qui ne recule pas (12), une portion de berceau (22) montée de maniére capable de rotation sur
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- 2 la seconde étape du trajet de recul curviligne (66) les moments de déstabilisation instantannés
a la fois des forces de recul et de réaction 2 la force de descente de I'ensemble & canon a recul
(32) pendant la décélération verticale contrdiée sont vaincus par le moment du poids statique du
25 systéme & canon (10).

19. Méthode selon la revendication 18, caractérisée par I'étape initiale additionnelle de conirainte de
. I'ensemble & canon 3 recul (32) & se déplacer dans un trajet de recul lindaire au début du recul pour
AN maintenir 'orientation préalable au tir de I'ensemble & canon (32) pendant la premiére partie du recul.
30
20. Méthode selon la revendication 18 ou 19, caractérisée en ce que I'étape de contrainte du centre de
masse de I'ensemble & canon & recul (32) & se déplacer en ascension le long d'un trajet courbé 2 fa
premidre étape- du recul est effectuée on contraignant le centre de masse de l'ensemble 3 canon &
recul (32) & se déplacer en ascension le long d'un trajet qui présente une portion & rayon de courbure
35 décroissant dans le sens du déplacement a recul de I'ensemble & canon.

21. Méthode selon I'une quelconque des revendications 18, 19 ou 20 caractérisée, en ce que I'étape de

. contrainte de I'ensemble a canon 2 recul & se déplacer le long d'un second trajet est effectuée en
\’/ déplagant la portion de canon le long d'un second trajet qui présente une portion & configuration
T 40 lindaire.

22, Méthode selon I'une quelconque ou plusieurs des revendications 18 & 21, caractérisée en ce que
I'étape de contrainte de l'ensemble & canon 2 recul (32) & se déplacer le long d'un second trajet est
effectuée par le déplacement de la portion de canon le fong d'un second trajet qui présente une portion

45 courbée dans le sens opposé & celui du trajet courbé de la premiére étape.

23. Msthode selon I'une quelconque ou plusieurs des revendications 18 & 21, caractérisée en ce que
I'étape de contrainte de I'ensemble & canon a recul (32) & se déplacer le long d'un second trajet est
effectuée en déplagant la portion de canon le long d'un second irajet qui présente une portion courbée

50 dans le méme sens que celui du trajet courbé de la premieére étape, mais présentant une courbe moins
prononcée.

24. Méthode selon Fune quelconque ou plusieurs des revendications 12 & 25, caractérisée en ce que

I'étape additionnelle de contrainte de I'axe de tube de I'ensemble & canon & recul (32) & demeurer
55 paralleéle & I'orientation initiale préalable au tir pendant tout le cycle de recul.
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