
EP 0 354 242 B1 Description The present invention is directed to the field
of gun systems, and more specifically directed to a stabilizing system
using curvilinear recoil energy management to improve weapon stability for
gun systems, 5 especially towed artillery. Recoil systems currently in use
for artillery, and particularly towed artillery, are stricity rectilinear.
In other words, the axis of motion during recoil is coaxial with the tube
axis. Retardation of the recoiling parts is provided by one or more
hydropneumatic cylinders, in which a working fluid is forced through one or
more orifices. In these currently used systems, the moment of retarding
force tends to tip the gun over 10 backwards. Opposing this Is the moment
of weapon weight about the trail ends. If the overturning moment exceeds
the downward weight moment, the weapon will momentarily lift about its
trail ends. This condition Is termed "instability", and is undesirable
because of (1) possible damage to the weapon and (2) gross weapon movement
requiring resighting. An alternative, non-rectilinear, recoil system is
disclosed in U.S. Patent No. 3,114,291 to Ashley. As 15  shown in Ashley's
Figure 1, the system makes use of levers and guides. The levers connect a
slide and guideway to a barrel. One of the levers extends to a second
guideway, which can be curved, so that during recoil the barrel is forced
to a rearward and upward position. The barrel is moved so that the recoil
force is directed down, rather than only back. However, Ashley does not
address the problem of controlled deceleration of upward velocity to
maintain stability. D     German Patent No.75137 to Olliver describes a
curved recoil path which causes increased pressure of adhesion between the
gun and the ground, and states that the path may be either a circular arc
or some other geometric curve, or even a path formed by curves and straight
lines. Olliver does not however teach a two-stage curvilinear path, with
the first stage inducing a vertical acceleration component to the recoiling
mass and a second stage for controlling vertical deceleration of the mass.
25     German Patent No. 134007 to Heinrich, which forms the basis for the
preamble of claim 1, describes recoiling parts mounted on pairs of guide
rails which may be partly curved and partly in the form of straight lines.
Although Heinrich refers to two stages of lifting the barrel in recoil, the
movement of the centre of mass of the barrel in Heinrich is in a single
continuous curved stage and Heinrich does not address controlled vertical
acceleration and deceleration, in a first and second stage of the recoil
respectively. 30     Significantly, none of Ashley, Olliver or Heinrich
teach that the characteristics of a recoil buffer system 



and the shape of the guideway or recoil path can be matched to optimise
stability. U.S. Patent No.439,570 to Anderson and U.S. Patent No.463,463 to
Spiller disclose "disappearing" guns which, 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 lightweight
weapon stability. Also Anderson 35 and Spiller disclose gun mountings which
are suitable for use only with heavy ordnance. 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 artillery. 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 to 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 trail ends,
so that a lighter structure can be ss 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 2    



EP 0 354 242 B1 travel on a defined recoil path. The gun system has recoil
braking means for decelerating the cannon assembly and conventional
recouperator means for returning the cannon assembly to its original
prefiring orientation. In present invention the recoil path is a two-stage
curvilinear path, and the means for movably mounting the recoiling cannon
assembly includes at least a pair of parallel campaths and associated cam 5
followers, one on each side of the recoiling cannon assembly which
constrain travel of the cannon assembly on the recoil path defined by the
configuration of each campath. The first stage has a curved configuration
portion to produce an upward force and vertical acceleration component to
the centre of the mass of the recoiling cannon assembly and the second
stage has a configuration different from that of the first stage for
causing controlled vertical deceleration of the cannon assembly during
recoil. The recoil system generates 10  a retarding force which predictably
and controllably decelerates the cannon assembly, and is adapted such that
the magnitude of the retarding force is matched in a predetermined
relationship to the configuration of the two stage curvilinear recoil path.
In this way, in the first stage, the instantaneous destabilizing moment of
the recoil forces is 10 overcome by the instantaneous stabilizing moment of
the forces resulting from the reaction to the upward force of the recoiling
cannon assembly in the curved configuration portion of the first 15 stage
of the curvilinear recoil path, and the moment of the status weight of the
gun system, and, in the second stage, the instantaneous destabilizing
moments of both the recoil forces and the reaction to the downward force of
the recoiling cannon assembly during controlled vertical deceleration is
overcome by the moment of the static weight of the gun system. It is
therefore possible by dynamic analysis of the forces in operation during
recoil to select or design 20 suitable characteristics for the recoil
system, and by appropriate design of the exact configuration of the
two-stage curvilinear recoil path in relation to such characteristics, to
maximise the stabilizing moment of the reaction to the upward force of the
recoiling cannon assembly in relation to the destabilizing moment of the
recoil system. In this way it will be seen that the moment of the static
weight of the gun system required to maintain stability is minimised. This
allows the status weight of the gun system to be reduced 25 whilst
maintaining stability. The first stage of the two-stage curvilinear recoil
path preferably has a linear portion shaped to maintain the prefiring
orientation 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 portion. 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 left 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; 55    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; 3    



EP 0 354 242 B1 Figure 10 is a cross-sectional view of the stabilizing
system shown in Figure 8, taken along line 10-10 of Figure 8; Figure 11 is
a cross-sectional view of the mounting mechanism of the cannon, taken along
line 11-11 of Figure 10; 5     Figure 12 is a graph plotting the path of
the center of mass of the recoiling parts; Figure 13 is a graph plotting
cannon reaction forces versus recoil length; Figures 1 4a and 1 4b are
graphs plotting axial and normal force, respectively, versus time; Figures
15a and 15b are graphs plotting the tube-axial and tube-normal recoil
velocities, respectively, versus time: 10    Figure 15c is a graph plotting
maximum tube-normal displacement versus maximum tube-axial displace- ment;
Figure 16 is a diagrammatic representation of the general gun
configuration; Figure 17 is a diagrammatic representation of the forces
acting on the cannon assembly; Figure 18 is a diagrammatic representation
of the forces acting on the carriage and cradle assembly; 15    Figures 19a
- 19c are free body diagrams of the cannon showing the forces acting on the
cannon; Figures 20a and 20b are vector diagrams showing the forces acting
on the cannon; and Figure 21 is a graph plotting orifice areas for long and
short recoils; Figure 22 is a graph plotting moments versus recoil time;
Figure 23 is a graph plotting vertical reaction on the firing platform
versus recoil length; Figure 24 is a graph showing the effect of charge on
stability (i.e. vertical ground force); Figure 25 is a graph plotting
cannon velocities versus recoil length; Figure 26 is a graph plotting
cannon accelerations versus recoil length; Figure 27 is a graph plotting
track angle versus recoil length; and Figure 28 is a graph plotting recoil
height versus recoil length. 25 Description of the Preferred Embodiments In
the present invention, curvilinear recoil is used to provide stability to a
lightweight towed Howitzer. As will be described in greater detail below,
curvilinear recoil works as follows: the recoiling parts travel 30
rearwardly and upwardly during recoil in curved tracks mounted to the
recoil cradle. 



Weapon stability requires the balancing of the destabilizing (recoil)
moment by an equal and opposite stabilizing moment. In conventional towed
weapons, e.g. an M198 Howitzer which weighs 15,000 pounds, this stabilizing
moment is derived from gravity acting upon the weapon's mass. In the
lightweight towed Howitzer, the weapon weight is 9,000 pounds, just over
one-half that of existing large caliber weapons; the 35 available
stabilizing moment therefore is substantially reduced compared with that of
the conventional weapon. Our invention involves generating an additional
vertical force which produces a supplemental stabilizing moment,
counteracting the destabilizing moment of the recoil force. This vertical
force acts upon the recoiling parts, resulting in a recoil path which is
both rearward and upward. From the shape of this path, we 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 hereinafter 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 recoil/recuperator cylinders 4  



EP 0 354 242 B1 34 and 36 pivotally mounted between cradle 22 and cannon
32. The mounting mechanism for cannon 32 includes a forward yoke 38
positioned forward of the tube center of mass and a rearward yoke 40
positioned rearward of the tube center of mass. Yokes 38 and 40 comprise
cylindrical central collars 42 and 44, respectively, for supporting and
housing cannon 32 and 5  forward left and right ears 46a and 46b and
rearward left and right ears 48a and 48b, respectively, in the form of
tapered structures extending from either side of central collars 42 and 44.
Each collar includes a torque key 50 to prevent spinning between the yoke
and the cannon tube, and a doubler 52 enveloping torque key 50. Forward
left and right twin roller sets 54a and 54b are mounted on forward left and
right ears 46a and 46b and rearward left and right twin roller sets 56a and
56b are mounted on rearward left and right 10 ears 48a and 48b,
respectively, via stub axles 62. Left twin rollers 54a and 56a preferably
are flat, i.e., have rectangular longitudinal cross-sections, while right
twin rollers 54b and 56b are trapezoidal, i.e., have trapezoidal
longitudinal cross-sections. The left and right sides 24 and 26 of cradle
22 are provided with forward left and right parallel campaths 64a and 64b,
respectively, for movably engaging forward left and right roller sets 54a
and 54b, and 15 rearward left and right parallel campaths 66a and 66b,
respectively, for movably engaging rearward roller sets 56a and 56b,
respectively. Forward and rearward left campaths 64a and 66a have
rectangular cross- sections, while forward and rearward right campaths 66a
and 66b have cross-sections which are rectangular with a necked in portion
at the outer face to better accommodate lateral thrust loads. The precise
location of yokes 38 and 40 and their appended roller sets 54a and 54b and
56a and 56b is determined by 20 convenience with respect to the overall
weapon design. The locations will affect the division of force between the
forward and rearward roller sets. As shown in Figures 1 and 3, campaths
64a, 64b, 66a, and 66b have identical configurations, consisting of a
first, curved stage and a second, straight stage. Most of the energy of the
recoiling parts in a tube-axial direction, i.e. along tube axis A, is
absorbed 25 during the first stage of the recoil cycle. During this period,
weapon stability is ensured by accelerating the recoiling parts (i.e.,
cannon 32 and its mounting mechanism) in a direction normal to the tube
axis A. The 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 the 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 11), the high initial recoil force is
reduced, and simultaneously the tube-normal force is removed by
straightening campaths 64a, 64b, 66a, and 66b. Gravitational forces, plus a
small component from recoil/recuperator cylinders 34 and 36, 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 magnitude is 40 [err] 45 and whose
direction is along the local radius vector. [err] is the instantaneous
velocity of the center of mass of the recoiling parts. [err] is 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 50 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 predictable at all points in the recoil stroke.    EP 0 354
242 1 



The difference between the overturning and the stabilizing moment gives the
minimum additional stabilizing moment required to maintain the gun in
contact with the ground This additional moment (plus any additional safety
factor) is provided by the centrifugal force generated by the cam
followers/campath interaction. Since the required instantaneous centrifugal
force, together with the mass of the recoiling parts 5  and their
instantaneous velocity is now known, the corresponding value for radius of
curvature can be predetermined. That is, [err] In this manner, the "y"
coordinates of each of campaths 64, 66, 68, and 70 can be determined for
all corresponding values of "x" (tube-axial) coordinates. 15     At all
points in the recoil stroke, the recoiling parts will have a velocity
component In both the "y" direction (normal to tube axis A) and in the "x"
direction (along tube axis A). Both of these velocities must be reduced to
zero by the end of the recoil stroke. At some point in the recoil stroke,
the centrifugal force is reduced to 0 by making the radius of curvature
infinite (i.e., each of campaths 64, 66, 68, and 70 becomes a straight
line). Accordingly, the recoiling parts now cease their upward
acceleration. The recoil system continues to apply a gentle retardation
force, eventually bringing the recoiling parts to rest in both the "x" and
"y" axes. The final retardation force causes a small destabilizing moment,
but its magnitude is such that it can be overcome by the stabilizing moment
of the static weight of the complete weapon. In effect, the curvilinear
recoil motion gives Howitzer 10 an apparent weight greater than the static
weight of the weapon during the 25 period of high recoil forces. The
curvilinear campath is designed to assure that the stabilizing moment of
the apparent weight of the gun is sufficient to overcome the overturning
moment of the recoil retardation forces, maintaining ground contract.
During the latter part of recoil travel, when the curvilinear recoil force
has been discontinued, the apparent weight of Howitzer 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 35 invention as will be
described in greater detail hereinafter 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 45  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 66b', respectively. Each of roller sets
54a', 54b', 56a', and 56b', consists of four rollers, an upper twin roller
set and a lower 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 so 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 55  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 keep ground contact during the second stage of recoil
travel. 6    EP 0 354 242 B1 In a still further alternate design, the
campath of either the first or the second embodiment can be curved in the
same direction during the second stage of recoil. In this case the curve of
the second stage is 



shallower than that of the first stage. Stylized tube-axial and tube-normal
force-time curves for the first embodiment of the stabilizing system 5  of
the invention are shown in Figures 14a and 14b. Superimposing these two
force-time curves gives a net force vector and a resultant acceleration.
Integration leads to a velocity-time history, resolvable into vertical and
horizontal components. Further integration produces the horizontal and
vertical displacement of the recoiling parts' center of mass. In stylized
form, velocity-time is shown in Figures 15a and 15b and displacements shown
in Figure 15c. In the configuration of the invention represented by Figures
15a and 10  15b, stage I accounts for 60% of the recoil distance and 40% of
the recoil time, while stage 11 accounts for 40% of the recoil distance and
60% of the recoil time. The preceding description of our curvilinear system
and the following dynamic (stability) analysis directly support the campath
location on the cradle as described with respect to the first embodiment
shown in Figures 1-7, and the stability achieved thereby. is     The
preceding discussion on stability and the recoil system  as well as the
development of the governing equations and the dynamic analysis are all
based on modeling the gun system as two planar rigid bodies: one recoiling
and the other fixed. The recoiling body (mass) will hereafter be referred
to as the "carriage." Actually, the carriage is made up of two masses or
weights, one that elevates (WE) and one that remains fixed (WF). This is to
allow for the movement of the carriage center of gravity associated with 20
elevating and depressing the gun. The general gun configuration is shown
diagrammatically in Figure 16. There are two coordinate systems associated
with the cannon model. The first is a ground fixed coordinate system (X-Y)
centered at the end of the trail at ground level. The second is a
coordinate system (U-Z) which rotates with the gun tube as the cannon
elevates and which is centered at the in-battery location of the recoiling
mass. This reference 25 frame does not recoil with the cannon. The recoil
displacement of the cannon (center of gravity) is measured from the U-Z
coordinate system and the horizontal and vertical displacements are U and
Z, respectively. The coordinate directions U and Z and the displacements U
and Z should not be confused. Similarly the position (X,Y) of the cannon
center of, gravity can be found relative to the X-Y coordinate system. 30
The two rigid bodies are shown separately in Figures 17 and 18 to
facilitate the illustration of the forces that act between these two bodies
and to make clear their equal and opposite effect. the cannon experiences
forces from the carriage, parallel to the tube primarily from the recoil
mechanism, and normal 



to the tube from cradle support points. In the case shown in Figures 1-7,
the support is provided by rollers 54a and 54b and 56a and 56b constrained
in campaths 64a and 64b and 66a and 66b, respectively, both 35 fore and
aft. The force from the recoil mechanism is referred to here as the "rod
pull" and is the sum of both the recoil (cylinder) force and the
recuperator force. To simplify the analysis and discussion, all the forces
between the carriage and the cannon are lumped into two force components
[err] parallel to the tube and [err] normal to the tube. [err] and F,, are
reaction forces that support the cannon. [err] and [err] are equivalent to
[err] and [err] yet based on the ground fixed X-Y coordinate system. 40
At zero quadrant elevation F,, = [err] and [err] = [err] [err] 45 [err] =
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 [err] remains
larger than the overturning moment [err] At zero quadrant elevation, the
overturning 50  moment is the horizontal force [err] times its moment arm:
[err] = [err](h + z + hsp)   Eq. 1 The stabilizing moment is the vertical
force [err] and the fixed weights WF and WE times their respective 55
moment arms: Mt  [err](A + B + U) + WF(A + AF) + WE(A + AE)   Eq. 2 7    EP
0 354 242 B1 For stability [err]    Eq. 3 5 The degree of stability can be
found by defining the excess stability moment [err] as [err]     Eq. 4 also
10 



R2Y = [err]   Eq. 5 The larger [err] and R2Y are, the more stable the gun
system is. For a conventional recoil system, [err] would be equal to the
rod pull (RP), and the force [err] would support 15 the portion (WRZ) of
the recoiling weight WR that was acting normal to the tube and cradle. At
zero quadrant elevation, [err] would be equal to the entire recoiling
weight, i.e., [err] = WRZ = WR. Because the sum of WF, WE and WR is limited
to 9000 pounds, the stabilizing moment is greatly reduced. [err] = [err](A
+ B + U) + WF(A + AF) + WE(A + AE) (For a conventional gun) F, = WR [err] =
WR(A + B + U) + WF(A + AF) + WE(A + AE) Curvilinear recoil increases the
stabilizing moment by increasing [err] With curvilinear recoil [err] does
not 25  simply support the weight of the cannon but acts also to accelerate
the cannon upward (normal to the tube) when greater stability is needed.
Accelerating the tube upward (Z direction) increases [err] by the inertial
force associated with this acceleration: [err] = [err] + WRZ    Eq.6 30 The
application of this increased [err] and resulting acceleration of the
cannon in the z-direction gives the cannon a displacement (z) and velocity
[err] in the z-direction. At some point in the latter part of the stroke,
this velocity [err] must be returned to zero. To accomplish this, [err]
must be reduced sufficiently to switch the sign of [err] in effect to pull
down on the cannon. If [err] is reduced in the latter portion of the recoil
stroke as 35  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 [err] is positive
("upward"), and characterized by a large tube axial force [err] (rod pull
large) and a commensurate tube normal force [err] for stability; and stage
two, defined as the portion of recoil when the tube normal acceleration
[err] is negative ("downward"), characterized by a 40  reduced or even
negative tube normal force [err] and a necessarily greatly reduced tube
axial force [ewrr] (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-direction 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 Ml 19, 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 [err] and [err] at all time steps are found by solving the
differential equations of motion 55 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 8    EP
0 354 242 B1 condition satisfied if the vertical firing platform reaction
R2Y remains positive. Summing forces in the u direction yields the first
differential equation. Tube axial: [err] 5 [err] = [err] + FIMPU - WRU
[err] = [err] + FIMPU - WRU)/M    Eq. 7 Summing forces in the z direction
yields the second differential equation 10  Tube normal: EF(z) = [err] =
[err] - WRZ [err] = ([err] - WRZ)/M    Eq. 8 As shown in Figure 19a the
center of gravity may be displaced from the center line of the tube. This
introduces a moment from the firing impulse force (FIMPU) which is balanced
by moving the point of is  application of the reaction forces [err] and
[err] axially, providing a countering moment. 



Sum of the moments about the center of gravity yields EMOM = 0 = (-)
FIMPU(ZEIMP) - [err] UEFZ = FIMPU(ZEIMP)/ [err] 20 When the firing force
has gone to zero, the "eccentricity" UEFZ will 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 from the carriage of the gun;
specifically, these forces are supplied by the cradle. The cradle applies
these forces by two means, the recoil mechanism and the cam 25  tracks. The
recoil mechanism pulls on the cannon via the breech band (see Figures 19b
and 19c), and has two components that are related by the geometry of the
recoil mechanism. Although as shown in Figure 3 there are two pairs of
tracks, a front pair and a rear pair, a single equivalent track force (TR)
will be used (a single force on a rigid body can be replaced by two
different forces located at any two locations, here the fore and aft roller
contact points). 30     The point of action of the track force (TR) is not
fixed; rather it moves such that the sum of the moments about the center of
gravity remains equal to zero. This ensures that the cannon translates
only. Figures 19a, 19b, and 19c are all equivalent. So, Fu = TRU + RPU
Eq. 9 35 and [err] = 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)/[err]   =
(Recup. Force), 45  where C is a constant that includes effective piston
area, orifice discharge coefficient, and oil density. RPU = RP cos a a RPZ
= RP sin a a so     The track force TR is not known, but the relationship
between 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(u) or Z = pf 



55 The track  slope  = dz/du  = d(pf) = pf' du 9    EP 0 354 242 B1 The
track angle [err] is defined as positive CW so: tan [err]  = -slope =
-dz/du = -pf 5  Referring to Figures 20(a) and 20(b): tan [err] - TRU/TRZ =
-pf' TRU = -(TRZ)pf'   Eq. 11 10    Two differential equations were
developed, Equations 7 and 8. The constraint of the recoil track couples
these two equations, resulting in the first equation 7 being the only
Independent equation. The displacement Z Is strictly a function of U (i.e.
Z = pf) so the following relationship can be developed: Z = pf   Eq. 12
dz/du = pf' [err] 35  Now defined are position, velocity, and acceleration
in the z-direction, oil as functions of position, velocity, and
acceleration in the u-direction. 40 45 50 55 10    EP 0 354 242 B1 



From fig 7  [err] From  Eq. 10   TRZ  =  [err]          +  RPZ Combine
Fu  =[err]  RPU 15               From  Eq. 8         [err]    =[err] + WRZ
Combine            [err] =[err]([err] + WRZ  + RPZ) +  RPU From  Eq. 14
Az    [err] Add Eq. 7 for [err] [err]    = [err]  +  FIMPU-WRU)/M  +  [err]
+  WRZ  + 25               RPZ) + RPU Solve for [err] [err]=  -pf'(M  pf"
[err] (FIMPU  -  WRU) +  WRZ  + RPZ) 30               +RPU
(1  + pf'. pf')                            Eq.  15 Also  from  Eq.
[err]     =[err]  + WRZ Combining with Eq. 14 [err] Combining with Eq. 7
[err]=  - pf'  ([err]  + FIMPU  - WRU) + Mpf" [err]
+ WRZ   Eq.  16 40 The track campath used for the dynamic analysis was
matched to the current configuration and recoil mechanism model to ensure
weapon stability at zero quadrant elevation. In the present example, a
positive ground force on the firing platform 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 to be
explicitly 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 calculated 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    EP 0 354 242 B1
Table 3: M203 nominal - M483 projectile Table 4: Ml 19 nominal - M483
projectile The recoil force is provided by a recoil cylinder model where
the recoil force (F-recoil) is given by: 5 F-recoil = C [err] The
transition between stage one recoil and stage two is accompanied by a rapid
drop in F-recoil. This is accomplished by rapidly enlarging the orifice
areas. The enlarging of the orifice areas is modeled as a Smooth, albeit
rapid, transition rather than as an abrupt change. This should more closely
represent the 10 response of a real system. This more protracted transition
provides for a more forgiving match between the recoil mechanism and the
campath profile. Additionally, the recoil force is not removed entirely
during stage two but rather is designed to a nominal value of 1000 lbf.
This has several advantages over letting the recuperator alone control
stage two: (1) the orifice areas are now defined in stage two rather than
being infinity; (2) the active recoil cylinder can now be used to fine tune
the stage two recoil; and (3) a velocity 15 dependent retarding force is
now present in stage two to help dissipate the energy from an overpressure.
Two orifice profiles are developed for the recoil model; one for long
recoil, and one for short recoil. These orifice areas are plotted in Figure
21 and tabulated in Tables 5 and 6. These orifice areas are equivalent
areas, and do not correspond directly to the orifice areas for the actual
recoil cylinder. The total recoil mechanism force RP includes a linear
spring representation of the recuperator function. So, RP = F-recoil + FRCP
+ DFRCP(S), where S is the magnitude of extension of the recoil mechanism
in feet. 25     The exact gun configuration and all remaining data are
contained in the input data file shown in Table 7, and tabulated in Table
8. 



The primary objective of the preceding dynamic analysis was to demonstrate
the stability of the gun system using curvilinear recoil. Stability is
ensured if the stabilizing moment about the trail ends [err] is greater
than the overturning moment [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 gun will not "hop." For the condition of zero
quadrant elevation and the M203 (nominal) charge, Figure 22 illustrates
that [err] is greater than [err] and Figure 23 illustrates that R2Y remains
positive. The gun system was designed to be stable, even with a M203 PIMP
charge. Figure 24 shows that indeed, the gun is stable with the PIMP
charge. Figure 24 also shows that the gun system gets progressively more
stable as the charge is reduced, the Ml 19 charge 35 being the most stable
of the three shown. For each dynamic analysis run, there are provided up to
four files or tables of output with suffixes ".CP1," ".CP2," ".CP3," and
".CP4." Each run has a file name associated with it, beginning first with
the prefix "Xl" which identifies all files used by, and generated for, this
analysis. The remainder of the file name 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 25-28 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 50 55 12    EP 0 354 242 B1 Table 10.1   X1
M203QE00.CP1   long recoil/M203 Table 10.2   X1 M203QEOO.CP2   long
recoil/M203 Table 10.3   X1 M203QEOO.CP3   long recoil/M203 Table 10.4   X1
M203QEOO.CP4   long recoil/M203 



5                        Table 11.1   X1 SRQE45.CP1      short recoil/M203
Table 11.2   X1 SRQE45.CP2     short recoil/M203 Table 11.3   X1 SRQE45.CP3
short recoil/M203 Table 11.4   X1 SRQE45.CP4     short recoil/M203 Table
12.1   X1 SRQE70.CP1     short recoil/M203 10                        Table
12.2   X1 SRQE70.CP2     short recoil/M203 Table 12.3   X1SRQE70.CP3
short recoil/M203 Table 12.4   X1 SRQE70.CP4     short recoil/M203 Table 13
X1M2030E05.CP1   long recoil/M203 Table 14    Xl M203QE20.CP1   long
recoil/M203 15                        Table 15    X1 PIMPQEOO.CP1   long
recoil/MPIMP Table 16    X1M119QEOO.CP1   long recoil/M 19 Thus, it can be
seen that curvilinear recoil will ensure stability for a 9000 pound, 155 mm
towed 20 Howitzer Demonstrator under all firing conditions. 25 30 35 40 45
50 55 13    EP 0 354 242 B1 1.0             0.0 0.0             0.0
-1.3943355E-02  1.3027527E-05  0.1064280 -3.3580475E-02  5.6624860E-05
0.1409592 



-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 -0.2717772       8.7735784E-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       3.8950406E-03  0.6251525 15          -0.7425436
4.6753157E-03  0.6992530 -0.8097011       5.5395346E-03  0.7756743
-0.8764620       6.4888075E-03  0.8539873 -0.9428217       7.5242161E-03
0.9342385 -1.008725       8.6467713E-03   1.017888 -1.074094
9.8571833E-03   1.104130 -1.138907       1.1155967E-02   1.192294 -1.203163
1.2543593E-02   1.282417 -1.266861       1.4020517E-02   1.374535 -1.330001
1.5587180E-02   1.468686 -1.392581       1.7244002E-02   1.564907 25
-1.454558       1.8991329E-02   1.665446 -1.515883       2.0829225E-02
1.768319 -1.576554       2.2757646E-02   1.873283 -1.636573
2.4776516E-02   1.980368 -1.695942       2.6885740E-02   2.089606 30
-1.754664       2.9085198E-02   2.201026 -1.812731       3.1374734E-02
2.315465 -1.870110       3.3754066E-02   2.434139 



-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   2.931360 -2.146482       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
5.9119098E-02   3.605246 40                 -2.405778       6.2365074E-02
3.747216 -2.455648       6.5694079E-02   3.891629 -2.504867
6.9105372E-02   4.038505 -2.553442       7.2598197E-02   4.187860 -2.601379
7.6171771E-02   4.339711 45                 -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 TABLE
1 55 14    EP 0 354 242 B1 -2.831550       9.5221981E-02   5.147982
-2.875655       9.9262640E-02   5.322362 -2.919115       0.1033798
5.502657 5               -2.961929       0.1075741         5.689036 



-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              -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       0.1488429         7.669021 15              -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       0.1745252         9.035846 -3.526892
0.1798956         9.334798 -3.559488       0.1853429         9.643009
-3.591464       0.1908675         9.965417 -3.622815       0.1964707
10.30448 -3.653537       0.2021539         10.66101 -3.683624
0.2079185         11.03582 25              -3.713072        0.2137657
11.42976 -3.741877       0.2196966         11.84371 -3.770037
0.2257122         12.27855 -3.797549       0.2318135         12.73519
-3.824410       0.2380012         13.21455 30              -3.850620
0.2442758         13.71754 -3.876178       0.2506378         14.24510
-3.901085       0.2570876         14.79814 -3.925340       0.2636252
15.37757 -3.948947       0.2702507         15.98427 



35              -3.971907        0.2769639        16.61910 -3.994224
0.2837644         17.28289 -4.015902       0.2906516         17.97638
-4.036945       0.2976250         18.70029 -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
0.3412120         23.71479 -4.167034       0.3487554         24.66697 45
-4.183279        0.3563679        25.52153 -4.199083       0.3640265
26.12380 50                   U                                B TABLE 1
(Continued) 55 15    EP 0354242 B1 20 .0000    000. .0023  - 502. 5
.0031  -1073. .0040  -2051. .0047  -3016. .0054  -4075. .0060  -4994. .0067
-6025 



.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 SHOT IMPULSE DATA (PIMP) M483  0.7 M.B. 25 TABLE
2 30 14 .0000    000. .0030   -763. .0042  -1797. 35
.0048  -2473. .0069  -5079. .0090  -7291. .0108  -8550. .0129  -9434. .0150
-9677. 40                         .01.95  -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 16    EP 0 354 242 B1 16 .0000      000. .0040    -949.
.0050 -1601. .0060 -2396. .0070 -3261. .0080 -4123. .0100 -5675. 10
.0120   -6709. .0140 -7361. .0155 -7712. .0203 -7952. .0253 -8104. .0453
-8322. .0803   -8373. .2803 -8379. 10.00 -8379. 



20                         M119 SHOT IMPULSE DATA (NOMINAL)  M483  0.7 M.B.
25                                     TABLE 4 30 35 40 45 50 55 17    EP
0354 242 B1 43 - 1.0              0.1 000000 0.0               0.1000000 5
1.0980606E-02  0.2136773           -1.0980375E-02    7.615981 2.9442310E-02
0.3697216           -2.9442154E-02    7.634443 5.8368206E-02  0.5307279
-5,8368392E-02    7.663369 9.7794533E-02  0.6714978
-9.7794317E-02    7.702795 0.1463418         0.7719964        -0.1463419
7.751342 10       0.2016678          0.8272313        -0.2016679
7.806668 0.2618084         0.8600011        -0.2618082           7.866809 ,
0 .3251381        0.8641519         -0.3251.382          7.9301.39
0.3906655          0.8674879        -0.3906651           7.995666 2.811534
0.6066884         -2.811117           10.41653 15      3.551729
0.4550896         -3.550291           11.15673 4.144249         0.2584715
-4.139843           11.74925 4.162491         0.2494449         -4.157892
11.76749 



4.18             0.260 4.20             0.310 20      4.21
0.500 4 .2 3           1.500 4.24             1.800 4.245087
1.838936 4.260842         1.830884 25         4.276539         1.822829
-4.270426           11.88154 4.445129         1,734067         -4.436337
12.05013 4.620374         1.636875         -4.60838.1          12.22537
4.772849         1.547431         -4.757758           12.37785 4.930054
1.449455         -4.911491           12.53505 30      5.065610
1.359271          -5.043849           12.67061 5.203977         1.259954
-5.178774           12.80898 5.332038         1.157433         -5.303502
12.93704 5.440137         1.063096         -5.408682           13.04514
5.539235        0.9684290         -5.505030           13.14424 5.629237
0.8734521         -5.592476           13.23424 5.710056       0.7781891
-5.670962           13.31506 5.781618        0.6826680         -5.740430
13.38662 5.843856        0.5869220         -5.800835           13.44886
5.896716        0.4909886         -5.852135           13.50172 5.940156
0.3949136           -5.894298           13.54516 40         5.974138
0.2987556          -5.927299           13.57914 5.998644        0.2026038
-5.951124           13.60364 6.013669        0.1066578         -5.965774
13.61867 6.05             0.060 7-05             0.060 45 50 



TABLE 5 55 18    EP 0 354 242 B1 29 -1.0            0.1000000 0.0
0.1000000 1.1038303E-02  0.2141681      -1.1038204E-02   7.616039 5
2.9524803E-02  0.3651744       -2.9524621E-02   7.634525 5.8463097E-02
0.5136756      -5.8463290E-02   7.663464 9.7870827E-02  0.6343604
-9.7870767E-02   7.702871 0.1463437      0.7107175      -0.1463436
7.751344 0.2015076      0.7425037      -0.2015076        7.806508 10
0.2613635       0.7537519      -0.2613631        7.866364 0.3242474
0.7553425      -0.3242471        7.929248 0.3891602      0.7807769
-0.3891598        7.994161 0.4553499      0.7885355      -0.4553490
8.060350 0.5216808      0.7871751      -0.5216795        8.126681 15
0.9126625       0.7689710      -0.9126559        8.517663 1.286214
0.7367233       -1.286190        8.891214 1.638360      0.6977797
-1.638298        9.243361 1.966563      0.6532170       -1.966431
9.571564 2.269381      0.6065208       -2.269134        9.874381 20
2.547086       0.5591587       -2.546663        10.15209 2.799577
0.5086938       -2.798896        10.40458 3.026139      0.4566602
-3.025103        10.63114 3.226931      0.4036990       -3.225414
10.83193 



3.402062      0.3496875       -3.399911        11.00706 25     3.551527
0.2944165       -3.548557        11.15653 3.675147      0.2374927
-3.671132        11.28015 3.772432      0.1780574       -3.767100
11.37743 3.850954      0.1018210       -3.843654        11.45595 3.90
0.060 30     7.00           0.060 35 TABLE 6 40 45 50 55 19    EP 0 354 242
B1 [err] 55 20    EP 0 354 242 B1 LWTH SYSTEM DIMENSIONS DATE OF
DISTRIBUTION OF THIS INFORMATION - May 20, 1986 5 DATE OF ASSOCIATED 



COMPUTER RUNS        - May 17,18, 1986 10
Ibf WR           4330.0 WF           3240.0 15 WE           1430.0 FRCP
6000.0 DFRCP          500.0 (lbf/foot) 20 Inches A              193.0 25 B
96.0 BY               0.0 30                        C              232.0 H
46.0 HTB              0.0 35 HSP              3.0 A3               0.0 40
AF             -17.2 AE              48.0 AEY              0.0 45 R01
10.25 R01            81.75 50                                    TABLE 8 55
21  



EP 0 354 242 B1 R02              10.25 RD2              105.5 5 ETR1
0.0 DTR1             31.75 10                     ETR2                0.0
DTR2            -20.25 T1                 24.0 15 T2                 10.0
T3                 29.0 20                      T4                 27.0 T5
-19.5 T6                 58.0 25 T7                 12.2 TABLE  8
(Continued) 30 FORCES DESCRIPTIONS FOR COMPUTER PRINT-OUTS All forces are
in 1bf. And forces printed-out are the sum for both sides of the gun. All
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. 40 45 50 55 



22    EP 0 354 242 B1 Displacements, Velocities and Accelerations NAME
DESCRIPTION                        UNITS 5 U       recoil displacement of
cannon parallel               ft to cradle (and tube) 10 Z       recoil
displacement of cannon perpendicular          ft to cradle (and tube) 15
VU      recoil velocity of cannon parallel                   ft/s to cradle
(and tube) VZ      recoil velocity of cannon perpendicular
ft/s 20 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 40 45 50 55 23  



EP 0 354 242 B1 5           WR       Weight of recoiling mass
centered at WF      Weight of non-recoiling non-elevating mass
centered at 10 WE      Weight of non-recoiling elevating mass
centered at 15 NAME                     DESCRIPTION               COMPONENT
DIRECTION RRU             Rod pull force                              U RPZ
Rod pull force                              Z 25 TRU1            Breech end
track force                      U TRZ1            Breech end track force
L TRU2            Muzzle end track force                      U 35    TRZ2
Muzzle end track force                      Z F14 U           Trunnion
force on cradle                   U 40    F14 Z           Trunnion force on
cradle                    Z TABLE 9 (Continued) 45 50 55 24    EP0354242B1
F13 U           Elevating/equilibrator mech force           U 



F13_Z           Elevating/equilibrator mech force           Z 5 F12_X
Trunnion force on upper carriage            X 10   F 12Y           Trunnion
force on upper carriage            Y F11_X           Elevator/equilibrator
force                 X on upper carriage 15 F11_Y
Elevator/equilibrator force                 Y on upper carriage 20 F9 Y
Support force on upper carriage             Y from lower carriage 25   F3_
Y           Recoil pad support force on upper           Y carriage 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
dependent upon the design of the pintle-spade 40 assembly interface and
upon the deflections of all associated parts. 45
TABLE 9 (Continued) 50 55 25   



EP 0 354 242 B1 NAME                     DESCRIPTION
COMPONENT DIRECTION F2_Y            Pintle column load from spade
Y 5                    assembly F1_X            Upper pintle shear force
from               X 10                   spade assembly F10 Y=-F9 Y
Force on trail/lower carriage                Y from upper carriage 15 F8_Y
=-F3 Y      Force on recoil pads from                    Y upper carriage
F7_Y            Force from spade assembly                    Y M2
Moment (force couple(s)) from            lbf-ft 25                   spade
assembly F-FLOATY       Vertical ground force on float               Y
(=R2Y)          (vertical reaction number 2) 30 R2X             Horizontal
ground force on spade/            X float (horizontal reaction number 2) 35
R1Y              Vertical ground forces on trail end         Y (vertical
reaction number 1) FTRACK          Total (Net) track force 40 RP
Total rod pull (recoil + recup.) 45 TABLE 9 (Continued) 50 55 26 



EP 0 354 242 B1 [err] 50 55    EP 0 354 242 B1 [err] 5 55 28    EP 0 354
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EP 0 354 242 B1 [err] 49    EP 0 354 242 B1 [err] 1.A gun system (10)
having a firing cycle and comprising: -a carriage portion (12) fixed in
relation to the positionof the gun system 55 - a cradle 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    EP 0 354 242 B1 [err] 5 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 cradle
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    - means for movably mounting said
cannon assembly (32) in relation to the said cradle portion (22) for travel
of the cannon assembly on a recoil path; - recoil braking means (34,36) for
decelerating the cannon assembly (32) during recoil; - means (34,36) for
returning said cannon assembly (32) to its initial prefiring configuration;
5        - the means for movably mounting the cannon assembly (32)
including at least a pair of parallel campaths (66a, 66b) and associated
cam follower means (56a, 56b), one each either side of the recoiling cannon
assembly (32) which constrain travel of the cannon assembly on a recoil
path defined by the configuration of each campath, characterised in that:
10       - the recoil path is a two-stage curvilinear path (66), the first
stage having a curved configuration portion to produce an upward force and
vertical acceleration component to the centre of mass of the said recoiling
cannon assembly (32) and the second stage contiguous with and following the
first stage, having a configuration different from the said first stage for
causing controlled vertical deceleration of said cannon assembly (32 during
recoil, and 15       - the recoil braking system (34,36) has deceleration
means for generating a retarding force for predictably and controllably
decelerating said cannon assembly (32), adapted such that the maguitude of
the retarding force is matched in a predetermined relationship to the
configuration of the two-stage curvilinear recoil path, such that - in the
first stage the instantaneous destabilizing moment of the recoil forces is
overcome by the 20           instantaneous stabilising moment of the forces
resulting from the reaction to the upward force of the recoiling cannon
assembly (32) in the curved configuration portion of the first stage of the
curvilinear recoil path (66) and the moment of the static weight of the gun
system (10), and - in the second stage of the curvilinear recoil path (66)
the instantaneous destabilizing moments of both the recoil forces and the
reaction to the downward force of the recoiling cannon assembly 25
(32) during the controlled vertical deceleration is overcome by the moment
of the static weight of 



the gun system (10). 2. A gun system as claimed in Claim 1 characterised in
that the first stage of the curvilinear recoil path (66) has a linear
portion shaped to maintain the prefiring orientation of the said cannon
assembly (32) a 30     the beginning of recoil. 3. A gun system as claimed
either in Claim 1 or 2 characterised in that the curved configuration
portion of the first stage of the curvilinear recoil path (66) has a
portion of decreasing radius of curvature in the direction of recoil travel
of the said cannon assembly (32). 35 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. 5. A
gun system as claimed in any one or more of the preceding claims
characterised in that the said 40    second stage of the curvilinear recoil
path (66) has a portion curved in the opposite direction from that of the
said curved configuration portion of the first stage. 6. A gun system as
claimed in any of the preceding 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
shallower 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 fixedly 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    EP 0 354 242 B1



fixedly mounted on said cradle portion (22). 10. A gun system as claimed in
Claim 8 characterised in that the cannon assembly (32) comprises yoke means
(46) supporting and housing said cannon assembly (32) for attaching the cam
follower means 5      (56) to the cannon assembly. 11. A gun system as
claimed in Claim 9 characterised in that said cannon assembly (32)
comprises yoke means supporting and housing said cannon assembly (32) for
attaching the campath (64) to the cannon assembly. 10 12. A gun system as
claimed in Claim 8 or 10 characterised in that the said cam follower means
comprises parallel left and right forward cam followers (54a, 54b) attached
to said cannon assembly (32) on opposite sides of the longitudinal axis of
recoil of the cannon assembly (32) forward of the centre of mass of the
cannon assembly (32), and parallel left and right rear cam followers (56a,
56b) attached to 15     said cannon assembly (32) on opposite sides of the
longitudinal axis of recoil of the cannon assembly rearward of the centre
of mass of the cannon assembly, and having left and right forward campaths
(64a, 64b) and parallel left and right rear campaths (66a, 66b) attached to
the cradle portion (22) and positioned to movably engage said left and
right forward and rear cam followers (54a, 54b, 56a, 56b) respectively. 13.
A gun system as claimed in Claim 9 or 11 characterised by having parallel
left and right forward campaths attached to the cannon assembly (32) on
opposite sides of the longitudinal axis of recoil of the cannon assembly,
and parallel left and right rear campaths attached to the cannon assembly
on opposite sides of the longitudinal axis of recoil of the cannon
assembly, said cam followers means (56) 25     comprising left and right
forward cam followers and left and right right cam followers attached to
the cradle portions (22) such that in the initial prefiring position, the
centre of mass of the recoiling cannon assembly (32) is located between the
forward left and right hand and rear left and right hand cam followers. 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) comprises corresponding left and right
hand track followers 56a, 56b). 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 characterised 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
comprising 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; -
constraining 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; 55        - 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); 52
EP 0 354 242 B1 - predictably and controllably decelerating the cannon
assembly (32) during recoil by means of the recoil braking system (34, 36)
so that the magnitude of the retarding force of the recoil braking system
(34,36) is matched in a predetermined relationship to the configuration of
the two-stage recoil path, so that 5        - in the first stage the
instantaneous destabilizing moment of the recoil forces is overcome by the
instantaneous stabilizing moment of the forces resulting from the reaction
to the upward force of 



the recoiling cannon assembly (32) in the curved path of the first stage of
recoil, and the stabilizing moment of the static weight of the gun system
(10), and - in the second stage of the curvilinear recoil path (66) the
instantaneous destabilizing moments of 10          both the recoil forces
and the reaction to the downward force of the recoiling cannon assembly
(32) during the controlled vertical deceleration is overcome by the moment
of the static weight of the gun system (10). 19. The method as claimed in
Claim 18 characterised by the additional initial step of constraining the
is     recoiling cannon assembly (32) to move in a linear recoil path at
the beginning of recoil to maintain the prefiring orientation of the cannon
assembly (32) for the first part of recoil. 20. The method as claimed in
Claim 18 or 19, characterised in that the step of constraining the centre
of mass of the recoiling cannon assembly (32) to move upward along a curved
path in the first stage of 20    recoil is carried out by constraining the
centre of mass of the recoiling cannon assembly (32) to move upward along a
path which has a portion of decreasing radius of curvature in the direction
of recoil travel of the cannon assembly. 21. The method as claimed in any
of the Claims 18, 19 or 20 characterised in that the step of constraining
25     the recoiling cannon assembly to move along a second path is carried
out by displacing the cannon portion along a second path that has a portion
of linear configuration. 22. The method as claimed in any 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 30     the cannon portion along a second path that has a portion
curved in the opposite direction from that of the curved path of the first
stage. 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. 24. The method as claimed in any one or more of the Claims
19 to 25 characterised by the additional step of constraining the tube axis
of the recoiling cannon assembly (32) to remain parallel to the initial 40
prefiring orientation throughout the recoil cycle. Patentanspriiche 1.
Geschatzsystem (10) mit einem SchuBzyklus, welches folgendes umfaBt: 



45        - ein Lafetten-Teilst~ck (12), das relativ zur Position des
GeschUtzsystems feststehend ist; - ein vom Lafetten-Teilstick (12)
gestatztes und wfhrend des SchuBzyklus relativ feststehendes
Gestell-TeilstOck (22) zum Anheben des GeschUtzes; - ein rlickstolender
Kanonenrohraufbau. (32) mit einem Massenschwerpunkt, einer anfAnglichen
Position vor dem SchieBen und einer anfdrnglichen Orientierung vor dem
Schieflen; 50        - eine Einrichtung zur relativ zum Gestell-Teilsttick
(22) beweglichen Halterung des Kanonenroh- raufbaus (32) zum Bewegen des
Kanonenrohraufbaus entlang eines RUckstolweges; - eine
RMckstoB-Bremseinrichtung (34, 36) zum Abbremsen des Kanonenrohraufbaus
(32) wfhrend des RMckstofes; - eine Einrichtung (34, 36) zum Rackf0hren des
Kanonenrohraufbaus (32) in seine anffingliche 55          Anordnung vor dam
Schiefen; - wobei die Einrichtung zur beweglichen Halterung des
Kanonenrohraufbaus (32) zumindest ein Paar paralleler Kurvenwege (66a, 66b)
und eine zugeordnete Kurvenrolleneinrichtung (56a, 56b) einschlief3t, und
zwar jeweils eine auf den beiden Seiten des rfickstofenden
Kanonenrohraufbaus 53    (32), welche die Bewegung des Kanonenrohraufbaus
auf einen ROckstoBweg zwingt, der durch die Anordnung jeder der Kurvenwege
definiert wird, dadurch gekennzeichnet, daB - es sich be! dem RUckstolweg
um einen krummlinigen Weg (66) in zwei Abschnitten handelt, 5
wobei der erste Abschnitt ein TeilstUck in gekrOmmter Anordnung aufweist,
um eine aufwgrtsge- richtete Kraft und eine senkrechte
Beschleunigungskomponente auf den Massenschwerpunkt des r(ckstoienden
Kanonenrohraufbaus (32) auszuUben, und der zweite Abschnitt, der sich an
den ersten Abschnitt anschlieBt und auf diesen folgt, eine sich vom ersten
Abschnitt unterscheidende Anordnung dafUr aufweist, wihrend des RUckstoges
eine kontrollierte senkrechte Abbremsung 10          des Kanonenrohraufbaus
(32) zu veranlassen, und - das RUckstoB-Bremssystem (34, 36) eine
Abbremseinrichtung zum Erzeugen einer verz6gemden Kraft dafOr aufweist, den
Kanonenrohraufbau (32) vorhersagbar und kontrollierbar abzubremsen, 



wobei die Abbremseinrichtung so eingerichtet ist, daB die GrofBe der
verzogernden Kraft in einem vorbestimmten Verhaltnis mit der Anordnung des
krummlinigen RUckstolweges in zwei Abschnit- is          ten derart
abgestimmt ist, daB - im ersten Abschnitt das sofortige destabilisierende
Moment der RUcksto~krgfte vom sofortigen stabilisierenden Moment der
Krafte, die aus der Reaktion auf die aufwarts gerichtete Kraft des
rUckstoBenden Kanonenrohraufbaus (32) im TeilstUck in gekrUmmter Anordnung
des ersten Abschnitts des krummlinigen RUckstoBweges (66) resultieren, und
vom Moment des statischen YWo            Gewichts des GeschUtzsystems (10)
Oberwunden wird, und - im zweiten Abschnitt des krummlinigen RUckstoBweges
(66) die sofortigen destabilisierenden Momente sowohl der RUcksto~krdfte
als auch der Reaktion auf die abwdrts gerichtete Kraft des rUckstoBenden
Kanonenrohraufbaus (32) wahrend der kontrollierten senkrechten Abbremsung
durch das Moment des statischen Gewichts des GeschUtzsystems (10)
Uberwunden werden. 25 2. GeschUtzsystem gemaB Anspruch 1, dadurch
gekennzeichnet, daB der erste Abschnitt des krummlini- gen RUckstoBweges
(66) einen geradlinigen Abschnitt aufweist, der dafOr geformt ist, zu
Beginn des RUckstol3es die Orientierung des Kanonenrohraufbaus (32) vor dem
SchieBen aufrechtzuerhalten. 30  3. GeschUtzsystem gemaB Anspruch 1 oder 2,
dadurch gekennzeichnet, daB das TeilstUck in gekrOmmter Anordnung des
ersten Abschnitts des krummlinigen RUckstol3weges (66) ein TeilstUck mit in
der Richtung der RUckstoBbewegung des Kanonenrohraufbaus (32) abnehmendem
KrUmmungsradius auf- weist. 35  4. GeschUtzsystem gemaB einem oder mehreren
der vorhergehenden AnsprUche, dadurch gekennzeich- net, daB der zweite
Abschnitt des krummlinigen Rackstofweges (66) ein TeilstUck in geradliniger
Anordnung aufweist. \.-:'  5. Geschitzsystem gem9B einem oder mehreren der
vorhergehenden AnsprUche, dadurch gekennzeich- 40     net, daB der zweite
Abschnitt des krummlinigen RUckstofweges (66) ein TeilstUck aufweist, das
in die entgegengesetzte Richtung relativ zu derjenigen des TeilstUcks in
gekrUmmter Anordnung des ersten Abschnitts gekrUmmt ist. 6. GeschUtzsystem
gemaB einem der vorherhgehenden AnsprUche 1 bis 5, dadurch gekennzeichnet,
daB 45     der zweite Abschnitt des krummlinigen Rackstofweges (66) ein
TeilstUck aufweist, das in die gleiche Richtung wie das TeilstOck in
gekrrmmter Anordnung des ersten Abschnitts gekrUrmmt ist, wobei die 



KrUmmung des Telisticks des zweiten Abschnitts schwacher ist als die
Krummung des TeilstUcks in gekrOmmter Anordnung des ersten Abschnitts. 5o
7. GeschUtzsystem  gemaB einem  der vorhergehenden AnsprUche, dadurch
gekennzeichnst, daB die Einrichtung zur relativ zum Gestell-TeilstOck (22)
beweglichen Halterung des Kanonenrohraufbaus (32) eine Einrichtung dafUr
umfalt, die Achse des Kanonenrohraufbaus (32) wahrend des gesamten
RUckstoBzyklus parallel zur anfanglichen Orientierung vor dem SchieBen zu
halten. 55  8. GeschUtzsystem gemaB einem oder mehreren der vorhergehenden
AnsprUche, dadurch gekennzeich- net, daB der Kurvenweg (66) fest am
Gestell-TeilstOck (22) gehaltert ist und die Kurvenrolleneinrichtung (56)
fest am Kanonenrohraufbau (32) gehaltert ist. 54    EP 0 354 242 B1
I 1111111    11111 IIIIl 111 9. GeschUtzsystem  gemaB einem  oder mehreren
der vorhergehenden AnsprUche 1 bis 7, dadurch gekennzeichnet, daB der
Kurvenweg (64) fest am Kanonenrohraufbau (32) gehaltert ist und die
Kurvenrolleneinrichtung (54) fest am Gestell-TeilstOck (22) gehaltert ist.
5  10. GeschUtzsystem gemaB Anspruch 8, dadurch gekennzeichnet, daB der
Kanonenrohraufbau (32) zum Anbringen der Kurvenrolleneinrichtung (56) am
Kanonenrohraufbau eine BUgeleinrichtung (46) umfaBt, die den
Kanonenrohraufbau (32) stttzt und umschlieflt. 11. GeschUtzsystem gemaB
Anspruch 9, dadurch gekennzeichnet, daB der Kanonenrohraufbau (32) zum 10
Anbringen des Kurvenweges (64) am  Kanonenrohraufbau eine BUgeleinrichtung
umfaBt, die den Kanonenrohraufbau (32) stOtzt und umschlieBt. 12.
GeschUtzsystem gemaB Anspruch 8 oder 10, dadurch gekennzeichnet, daB die
Kurvenrolleneinrichtung folgendes umfaBt: parallele linke und rechte
vordere Kurvenrollen (54a, 54b), die auf gegenlberliegen- is     den Seiten
der Langsachse des RUckstoBes des Kanonenrohraufbaus (32) und vor dem
Massenschwer- punkt des Kanonenrohraufbaus (32) am Kanonenrohraufbau (32)
angebracht sind, und parallele linke und rechte hintere Kurvenrollen (56a,
56b), die auf gegenOberliegenden Seiten der Langsachse des RUckstoBes des
Kanonenrohraufbaus und hinter dem Massenschwerpunkt des Kanonenrohraufbaus
am Kanonenrohraufbau (32) angebracht sind, und wobei es linke und rechte
vordere Kurvenwege (64a, 



20     64b) und parallele linke und rechte hintere Kurvenwege (66a, 66b)
aufweist, die am Gestell-TeilstOck (22) angebracht sind und so positioniert
sind, daB sie die linken und rechten vorderen und hinteren Kurvenrollen
(54a, 54b, 56a, 5Bb) jeweils beweglich in Eingriff nehmen. 13.
GeschUtzsystem gemal3 Anspruch 9 oder 11, dadurch gekennzeichnet, daB es
folgendes aufweist: 25     parallele linke und rechte vordere Kurvenwege,
die auf gegenUberliegenden Seiten der LAngsachse des RUckstoles des
Kanonenrohraufbaus am Kanonenrohraufbau (32) angebracht sind, und parallele
linke und rechte hintere Kurvenwege, die auf gegenUberliegenden Seiten der
Langsachse des Rackstol3es des Kanonenrohraufbaus am Kanonenrohraufbau
angebracht sind, wobei die Kurvenrolleneinrichtung (56) linke und rechte
vordere Kurvenrollen und linke und rechte Kurvenrollen umfaft, die so am
Gestell- 30     TeilstUck (22) angebracht sind, daB sich der
Massenschwerpunkt des rUckstol3enden Kanonenrohrauf- baus (32) in der
anfanglichen Position vor dem Schiefen zwischen den vorderen linken und
rechten und den hinteren linken und rechten Kurvenrollen befindet. 14.
GeschUtzsystem gemdB einem oder mehreren der vorhergehenden AnsprUche 8 bis
13, dadurch 35     gekennzeichnet, daB der Kurvenweg (66) zumindest eine'in
einem Fuhrungsbahngehduse befindliche Spur umfaBt und die
Kurvenrolleneinrichtung (56) zumindest einen Rollenaufbau (62) zum
In-Eingriff- Nehmen der Rollen in der Spur umfalt. 15. GeschUtzsystem
gemaB einem oder mehreren der vorhergehenden AnsprUche 8 bis 14, dadurch 40
gekennzeichnet, daB der Kurvenweg (66) zumindest elne linke Spur (66b) und
zumindest elne rechte Spur (66a) umfaBt und die Kurvenrolleneinrichtung
(56) entsprechende linke und rechte Spurrollen (56a, 56b) umfaBi. 16.
GeschUtzsystem gema8 Anspruch 14, dadurch. gekennzeichnet, daB der
Rollenaufbau (62) einen 46     mehrteiligen Rollensatz umfalt. 17.
GeschUtzsystem gemiB Anspruch 16, dadurch gekennzeichnet, daB der
mehrteilige Rollensatz einen trapezformigen LUngsquerschnitt aufweist. so
18. Verfahren zum  Stabilisieren eines GeschUtzsystems beim  SchieBen,
wobei das GeschUtzsystem folgendes umfaBt: ein nicht rUckstoBendes
Lafetten-TellstOck (12), ein Gestell-Teilstfck (22), welches drehbar am
Lafetten-TeilstOck gehaltert ist, einen rUckstoBenden Kanonenrohraufbau
(32), der eine Rohrachse in LAngsrichtung und einen Massenschwerpunkt
aufweist und beweglich am Gestell- TeilstOck (22) dafar gehaltert ist,
wahrend des R~ckstoBes mittels zumindest eines Paars paralleler 55
Kurvenwege (66a, 66b) und einer zugeordneten Kurvenrolleneinrichtung (56a,
56b), die die Form des 



RUckstoBweges festlegen, eine erzwungene Bewegung entlang eines
RUckstoBweges auszufUhren, und ein RPckstoB-Bremssystem (34, 36) zum
Bremsen des Kanonenrohraufbaus wahrend des RUckstoBes, wobei dieses
Verfahren folgende Schritte umfaBt: 55    *                   - *   E
~~~~~~~~~L  S      - - Zwingen des Massenschwerpunktes des rUckstogenden
Kanonenrohraufbaus (32) wahrend einer ersten RUckstoiphase zu einer
Aufwirtsbewegung entlang eines gekr~mmten Wages, um eine aufw~rts
gerichtete Kraft und eine senkrechte Beschleunigungskomponente auf den
Massen- schwerpunkt des rUckstoBenden Kanonenrohraufbaus zu erzeugen; 5
- Zwingen des rUckstotenden Kanonenrohraufbaus wahrend der zweiten Phase
des ROckstoBes zu einer Bewegung entlang eines zweiten Wages, der eine
andere Anordnung aufweist als der gekrOmmte Weg der ersten Phase, um eine
kontrollierte senkrechte Abbremsung des Kanonen- rohraufbaus (32) zu
tAtigen; - vorhersagbare und kontrollierbare Abbremsung des
Kanonrohraufbaus (32) wahrend des RUcksto- 10          R3es mittels des
RUckstol3-Bremssystems (34, 36), so daB die Grole der verzogernden Kraft
des RPckstoB-Bremssysterns (34, 36) in einem vorbestimmten Verhaltnis
derart auf die Anordnung des RUckstolweges in zwei Abschnitten abgestimmt
ist, daB - in der ersten Phase das sofortige destabilisierende Moment der
REcksto~krAfte vom sofortigen stabilisieronden Moment der Kr~fte, die aus
der Reaktion auf die aufwarts gerichtete Kraft des rs
rUckstolenden Kanonenrohraufbaus (32) im gekrdmmten Weg der ersten Phase
des Rtickstoges resultieren, und vom stabilisierenden Moment des statischen
Gewichts des GeschUtzsystems (10) Uberwunden wird und daB - im zweiten
Abschnitt des krummlinigen ROckstofweges (66) die sofortigen
destabilisierenden Momenta sowohl der Rtickstotkrafte als auch der Reaktion
auf die abw~rts gerichtete Kraft des rUckstoBenden Kanonenrohraufbaus (32)
wahrend der kontrollierten senkrechten Abbremsung vom Moment des statischen
Gewichts des GeschUtzsystems (10) Oberwunden werden. 19. Verfahren gem9B
Anspruch 18, gekennzeichnet durch den zusatzlichen anfanglichen Schritt des



Zwingens des rickstoBenden Kanonenrohraufbaus (32) zu Beginn des ROckstoBes
zu einer Bewegung 25     entlang einern geradlinigen RUckstol3weg, um
wihrend der ersten RUcksto~phase die Orientierung des Kanonenrohraufbaus
(32) vor dem SchieBen aufrechtzuerhalten. 20. Verfahren gem4B Anspruch 18
oder 19, dadurch gekennzeichnet, daB der Schritt des Zwingens des
Massenschwerpunktes des rLckstoBenden Kanonenrohraufbaus (32) wahrend der
ersten Phase des 30     RUckstofles zu einer Aufwartsbewegung entlang eanes
gekrUmmten Wages dadurch ausgeffhrt wird, daB der Massenschwerpunkt des
rUckstolenden Kanonenrohraufbaus (32) gezwungen wird, sich aufwarts entlang
eines Wages zu bewegen, der in der Richtung der RtickstoBbewegung des
Kanonen- rohraufbaus ein Tellstick mit abnehmendem Krfmmungsradius
aufweist. 35  21. Verfahren gemaB elnem der AnsprOche 18, 19 oder 20,
dadurch gekennzeichnet, daB der Schritt des Zwingens des rUckstoBenden
Kanonenrohraufbaus zu eaner Bewegung entlang eines zweiten Weges dadurch
ausgef~hrt wird, daB das KanonenrohrteilstOck entlang eines zweiten Weges
verschoben wird, welcher ein TeilstUck in geradliniger Anordnung aufweist.
40 22. Verfahren gem9B einem oder mehreren der AnsprUche 18 bis 21, dadurch
gekennzeichnet, daB der Schritt des Zwingens des
RUckstoB-Kanonenrohraufbaus (32) zu einer Bewegung entlang eines zweiten
Wages dadurch ausgefUhrt wird, daB das KanonenrohrteilstOck entlang eines
zweiten Wages verscho- ben wird, welcher ein in die entgegengesetzte
Richtung. relativ zu derjenigen des gekrUmmten Weges des ersten Abschnitts
gekrUrmmtes Teilstlck aufweist. 45 23. Verfahren gemAB einem oder mehreren
der AnsprUche 18 bis 21, dadurch gekennzeichnet, daB der Schritt des
Zwingens des RUckstoB-Kanonenrohraufbaus (32) zu einer Bewegung entlang
eines zweiten Weges dadurch ausgefUhrt wird, daBI das KanonenteilstOck
entlang eines zweiten Weges verschoben wird, welcher ein TeilstUck
aufweist, das in die gleiche Richtung wie die des gekrUmmten Weges des 50
ersten Abschnitts gekrOmmt ist, aber eine schwachere KrUrmmung aufweist.
24. Verfahren gemaBl einem oder mehreren der AnsprUche 19 bis 25,
gekennzeichnet durch den zusltzli- chenr Schritt des Zwingens der Rohrachse
des rUckstofenden Kanonenrohraufbaus (32) dazu, w~hrend des gesarnten
RUckstofzyklus parallel zur anfdnglichen Orientierung vor dem Schielen zu
bleiben. 55 Revendications 1. Systemea  canon (10) ayant un cycle de tir et
comprenant: 



56    - une portion d'aff~t (12) fix6e par rapport ^ la position du systeme
a canon; - une portion de berceau (22) pour dlever le canon supporte par
ladite portion d'affOt (12) et fixee par rapport a celle-ci pendant le
cycle de tir; - un ensemble a canon a recul (32) ayant un centre de masse,
une position initiale prealable au tir, 5           et une orientation
initiale pr6alable au tir; - un moyen de montage de manibre mobile ledit
ensemble & canon (32) par rapport a ladite portion de berceau (22). pour le
d6placement de l'ensemble k canon sur un trajet de recul; - un moyen de
froinage de recul (34, 36) pour d6c6l6rer l'ensemble a canon (32) pendant
le recul; - un moyen (34, 36) pour ramener l'onsemble & canon (32) a sa
configuration initiale pr6alable au 10         tir; - le moyen de montage
de manibre mobile l'ensemble & canon (32) comportant au moins une paire de
trajets de came (66a, 66b) parallbles et Lin moyen suiveur de came associ6
(56a, 56b), 'un de chaque cot6 de l'ensemble & canon a recul (32) qui
restreint le d6placement de l'ensemble a canon sur le trajet de recul
d6fini par la configuration de chaque trajet de came, 15
caract6rise en ce que: - le trajet de recul est un trajet (66) curviligne
en deux etapes, la premikre etape ayant une portion a configuration courbee
pour produire une force ascendante et un composant d'acc6l6ration verticale
vers le centre de masse dudit ensemble a canon a recul (32), et la seconde
etape contigue & et suivant la premiere etape, presentant une configuration
differente de ladite premibre ,20             6tape pour provoquer la
decel~ration verticale controlee dudit ensemble a canon (32) pendant le
recul, et - le systeme de freinage de recul (34, 36) possode un moyen de
decel6ration pour g6n6rer une force de ralentissement pour dec6l6rer de
manibre previsible et contr8lable ledit ensemble a canon (32), adapt6 de
telle fagon que la grandeur de la force de ralentissement correspond en un
25          rapport predetermin6 a la configuration du trajet de recul
curviligne en deux 6tapes, tel que - l la premibre etape le moment de
destabilisation instantann6 des forces de recul est vaincu par 



le moment de stabilisation instantann6 des forces r6sultant de la reaction
a la force ascendante de l'ensemble & canon a recul (32) dans la portion de
configuration curviligne de la premiere etape du trajet de recul curviligne
(66) et le moment du poids statique du syst&me & canon (10), 30          et
- l la seconde 6tape du trajet de recul curviligne (66) les moments de
destabilisation instantann6s & la fois de la force et de recul et de la
r6action a la force vers le bas de l'ensemble a canon & recul (32) pendant
la d6c6lration verticale contr8l6e sont vaincus par le moment du poids
statique du systbme a canon (10). 35 2. Systhme a canon salon la
revendication 1, caracterise en ce que la premibre etape du trajet de recul
curviligne (66) possbde une portion lin6aire formee pour le maintien de
l'orientation prealable au tir dudit ensemble a canon (32) au debut du
recul. 40  3. Systbme A canon selon la revendication 1 ou 2, caract6rise en
ce quo la portion de configuration courbee de la premiere 6tape du trajet
de recul curviligne (66) pr6sente une portion & rayon de courbure
d6croissant dans le sons de d6placement du recul dudit ensemble A canon
(32). 4. Systhme a canon solon l'une quelconque ou plusieurs des
revendications pr6c6dentes, caract6rise en 45     ce quo la seconde etape
du trajet de recul curviligne (66) presente une portion a configuration
lin6aire. 5. Systeme a canon solon l'une quelconque ou plusieurs des
revendications prec6dentes, caracteris6 en ce quo ladite seconde etape du
trajet de recul curviligne (66) pr6sente une portion courbee dans le sens
oppos6 A colui de ladite portion a configuration courb6e de la premiere
etape. 50 6. Systbme & canon' solon l'une quelconque des revendications
precedentes 1 & 5, caracterise en ce quo ladite seconde 6tape de trajet de
recul curviligne (66) presente une portion courb6e dans le meme sens quo
ladite portion A configuration courb6e de la premiere 6tape, la courbe de
ladite portion de la seconde etape 6tant moins prononcee quo la courbe de
ladite portion A configuration courbee de la 55     premiere 6tape. 7.
Systbme a canon solon l'une quelconque des revendications pr6c6dentes,
caracterise en ce quo ledit moyen de montage mobile dudit ensemble & canon
(32) par rapport & ladite portion de berceau (22) 57  



EP O 354 242 B1                *   c   L  M   S  * comprend un moyen de
maintien de I'axe de l'ensomble d canon (32) parallble a l'orientation
initiale pr6alable au tir pendant tout le cycle de recul. 8  Systbme a
canon selon l'une quelconque ou plusisurs des revendications pr6c6dentes,
caract&eis en 5      ce que le trajet de came (66) est monte de maniere
fixe sur ladite portion de berceau (22) et ledit moyen suiveur de came (56)
est mont6 de manibre fixe sur ledit ensemble a canon (32). 9. Systeme a
canon selon lune quelconque ou plusieurs des revendications pr6cedentes 1 a
7, caracteris6 en ce que le trajet de came (64) est mont6 de maniere fixe
sur ledit ensemble A canon (32) 10     et ledit moyen suiveur de came (54)
est monte de manibre fixe sur ladite portion de berceau (22). 10. Systame a
canon selon la revendication 8, caract6rise en ce que l'ensemble a canon
(32) comprend un moyen de joug (46) supportant et logeant ledit ensemble &
canon (32) pour attacher le moyen suivour de came (56) a l'ensemble a
canon. 15 11. Systbme a canon selon la revendication 9, caracteris6 en ce
que ledit ensemble a canon (32) comprend un moyen de joug supportant et
logeant ledit ensemble a canon (32) pour attacher le trajet de came (64) a
l'ensemble a canon. Yto  12. Systeme a canon selon la revendication 8 ou
10, caracteris6 en cc que ledit moyen suivour de came comprend des suiveurs
de came anterieur parallbles de gauche et de droite (54a, 54b) attaches
audit ensemble a canon (32) sur des c8t~s opposes de l'axe longitudinal de
recul de l'ensemble & canon (32) en avant du centre de masse de l'ensembls
a canon (32), et des suiveurs de came arriere parallbles de gauche et de
droite (56a, 56b) attach6s a l'ensemble & canon (32) sur des c6tes opposes
25     de l'axe longitudinal de recul de l'ensemble a canon & l'arribre du
centre de masse de l'ensemble a canon, et pr6sentant des trajets de came
avant de gauche et de droite (64a, 64b) et des trajets de came arriere de
gauche et de droite (66a, 66b) attachds a Ia portion de berceau (22) et
positionn6s pour engager de maniere mobile lesdits suiveurs de came arriere
et ant6rieur de gauche et de droite (54a, 54b, 56a, 56b) respectivement. 30
13 Systbme a canon selon la revendication 9 ou 11, caract6ris6 en ce qu'il
presente des trajets de came 



avant de gauche et de droite parallbles attach6s A I'ensemble a canon (32)
sur des c8t6s oppos6s de l'axe longitudinal de recul de l'ensemble a canon,
et des trajets de came arribre de gauche et de droite paralleles attaches a
l'ensemble & canon sur des c6t6s oppos6s de l'axe longitudinal de recul de
35     I'ensemble a 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 attaches aux portions de berceau (22) de telle sorte
que dans la position initiale prealable au tir, le centre de masse de
'ensemble & canon & recul (32) est situe entre les suiveurs de came avant
de gauche et de droite et arriere de gauche et de droite. 40 14. Systbme &
canon selon l'une quelconque ou plusieurs des revendications pr6c6dentes 8
a 13, caract6rise en ce que ledit trajet de came (66) comprend au moins une
piste situee dans. un logement de guidage et ledit moyen suiveur de came
(56) comprend au moins un ensemble A rouleau (62) pour l'engagement du
rouleau dans la piste. 45 15. Systeme a canon selon l'une quelconque ou
plusieurs des revendications pr6cedentes 8 & 14, caracterise en cc que
ledit trajet de came (66) comprend au moins une piste (66b) de gauche et au
moins une piste (66a) de droite, et ledit moyen suivour de came (56)
comprend des suiveurs de piste de gauche et de droite correspondants (56a,
56b). 50 16. Systbme a canon selon la revendication 14, caracterise en ce
que l'ensemble A rouleau (62) comprend un jeu de rouleaux multiples. 17.
Systbme a canon selon la revendication 16, caracteris6 en ce que le jeu de
rouleaux mulitples pr6sente 55     une coupe transversale longiludinale
trapezo~dale. 18. Methode de stabilisation d'un systeme a canon lors du
tir, le systhme A canon comprenant une partie d'affOt qui ne recule pas
(12), une portion de berceau (22) montee de maniere capable de rotation sur
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ladite portion d'afftt, un ensemble a canon a recul (32) presentant un axe
de tube longitudinal, et un centre de masse, et 6tant mont6 de manibre
mobile sur la portion de berceau (22) pour un deplacement limite pendant le
recul Is long d'un trajet de recul au moyen d'au moins une paire de tralets
de came paralleles (66a, 66b) et un moyen suiveur de came associes (56a,
56b) d6finissant la -5    forme du trajet de recul et un systeme de
freinage de recul (34, 36) pour freiner 1'ensemble a canon pendant le
recul, cette methode comprenant les 6tapes de: - contraindre le centre de
masse de l'ensemble a canon a recul (32) pour qu'il se deplace en ascension
le long d'un trajet courbe dans une premibre 6tape de recul pour produire
une force ascendante et un composant d'acceleration verticale vers le
centre de masse de l'ensemble A 10          canon a recul; - contraindre
l'ensemble d canon a recul dans la seconde etape de recul pour qu'il se
d6place le long d'un second trajet pr6sentant une configuration diff6rente
du trajet courbe de la premibre etape pour appliquer une d~c4l6ration
verticale contr81ee de l'ensemble a canon (32); - decelerer de maniere
contr8lable et pr6visible l'ensemble a canon (32) pendant le recul au is
moyen du systeme de freinage de recul (34, 36) de sorte que la grandeur de
la force de ralentissement du systeme de freinage de recul (34, 36)
correspond dans une relation predeter- min6e a la configuration du trajet
de recul a deux etapes, de sorte que - a la premibre etape le moment de
d6stabilisation instantann6 des forces de recul est vaincu par le moment de
stabilisation instantann6 des forces resultant de la reaction a la force
ascendante 20          de l'ensemble a canon a recul (32) au trajet courbe
de la premiere etape de recul, et le moment de stabilisation du poids
statique du systeme a canon (10), et - l Ia seconde etape du trajet de
recul curviligne (66) les moments de destabilisation instantannes a la fois
des forces de recul et de reaction i la force de descente de l'ensemble a
canon a recul (32) pendant la d6cel6ration verticale contra lee sont
vaincus par le moment du poids statique du 25          systeme a canon
(10). 19. M6thode selon la revendication 18, caract6ris6e par l'6tape
initiale additionnelle de contrainte de l'ensemble a canon a recul (32) a
se ddplacer dans un trajet de recul lineaire au debut du recul pour
maintenir l'orientation pr6alable au tir de l'ensemble a canon (32) pendant
la premiere partie du recul. 30 20. M6thode selon la revendication 18 ou
19, caract6risee en ce que I'dtape de contrainte du centre de 



masse de l'ensemble i canon A recul (32) a se deplacer en ascension le long
d'un trajet courbe h la premiere 6tape du recul est effectuee en
contraignant le centre de masse de l'ensemble A canon a recul (32) a se
deplacer en ascension le long d'un trajet qui pr6sente une portion & rayon
de courbure 35     decroissant dans le sans du d6placement a recul de
l'ensemble a canon. 21. M6thode selon l'une quelconque des revendications
18, 19 ou 20 caract6ris6e, en ce que l'etape de contrainte de l'ensemble a
canon a recul & se ddplacer le long d'un second trajet est effectuee en
d6plagant la portion de canon le long d'un second trajet qui pr6sente une
portion A configuration 40     lineaire. 22. Methode selon l'une quelconque
ou plusieurs des revendications 18 a 21, caracterlsee en ce que l'6tape de
contrainte de l'ensemble a canon a recul (32) a se d6placer le long d'un
second trajet est effectuee par le d6placement de la portion de canon le
long d'un second trajet qui pr6sente une portion 45     courb6e dans le
sens opposd a celui du trajet courb6 de la premiere 6tape. 23. M6thode
selon l'une quelconque ou plusieurs des revendications 18 a 21,
caract6risee en ce que l'6tape de contrainte de l'ensemble a canon a recul
(32) a se d6placer le long d'un second trajet est effectu6e en deplagant la
portion de canon le long d'un second trajet qui pr6sente une portion
courbee 50     dans le m8me sans qua celui du trajet courb6 de la premiere
6tape, mais pr6sentant une courbe moins prononc6e. 24. M6thode selon l'une
quelconque ou plusieurs des revendications 19 a 25, caract6ris6e en ce que
l'6tape additionnelle de contrainte de I'axe de tube de l'ensemble A canon
a recul (32) a demeurer 55     parallble A l'orientation initiale pr6alable
au tir pendant tout le cycle de recul. 59    


