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Abstract:

The paper deals with numerical and analytical asa@yof sliding wedge breech
mechanism response during one shot fired from 100armon. The model of the breech
together with gun tube was modelled in LS-Dyna renwient using available

commands for mesh generation and for handling bapndonditions including contact

surfaces. Only the components that significantliecfthe force redistribution are

modelled for the analysis. The explicit finite edein method was used to retrieve
stresses and deformations of the breech. The ensph&s put on the breech block
which was the critical phenomenon. The numericallts were compared to analytic
solution which is commonly used in the process edighing sliding wedge breech
blocks. The response of the gun as a whole wasaalslysed.

Keywords:

Sliding wedge breech block, 100mm cannon, simulafinite element method, LS-Dyna

1. Introduction

One of the most important components of a gun eetin mechanism. The breech
mechanism is located at the breech end of the guhis responsible mainly for
opening and closing the breech, allowing reload pmrdenting the propellant gases to
escape through the back of the gun, thus ensuniagep function of a gun during
firing. The breech mechanism consists of breecy, timeech block, firing mechanism,
gearing to open and close the breech, extractomsmove empty cartridges and safety
devices to prevent the gun from firing until thee&ch is fully closed. There are two
main types of breech mechanisms, namely the slibingk mechanism and breech
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screw mechanism. There are also several other gipleseech mechanisms which are
not so widely used in artillery. The paper is faeth®n the sliding block mechanism as
the analysis described in the paper is performedlioing wedge breech block. This
mechanism is widely used in quick firing cannonsieTmain principle of their
operation is rather simple, nonetheless in modammaons there are many additional
subsystems which contribute to the complexity afhsmechanisms [1]. The sliding
block is housed in the breech ring in which theckloan perform translational sliding
movement with the aid of the breech mechanism ggamefore firing, the sliding
block is wedged into the breech ring so as to gl®support for the cartridge case.
The breech block can be mechanically locked andna#irds the shot can be fired.
After the firing, the sliding block is unlocked amdoved into open position and the
cartridge is extracted with the help of extractd¥ew round is then loaded and the
cycle repeats for the next shot. To withstand thgehpressure of the propellant gas,
the back face of the sliding block is firmly supfeat by the breech ring whereas the
breech ring is firmly attached to the gun barreheTsliding wedge breech block is
designed to be of slightly wedged shape which aisevents its movement during
firing.

The finite element method is utilised to analyse tbsponse of the breech block
during firing. It is a well-known method which haseen successfully used in
computational mechanics for over forty years tolys® material response under
loading. Over the decades, the method has beentartlysdeveloped and lots of
software packages have been created to aid theesrgiin the numerical analysis of
various problems. One of such packages with exaelhéstory report is LS-Dyna
which is commonly used to study high speed eveikis ¢rash tests [2-4], hyper
velocity impacts [5-7], ballistic resistance of adeed protection plates [8-10],
explosions [11-13] etc. LS-Dyna utilizes expliaiife element formulation including
large strains and large displacements with finit@tions.

2. Model of the 100mm Gun

The model was completely created in the LS-Dynatwsok using available
commands. It consists of the gun barrel, breech, nmedge breech block, cartridge
case and of a lever that is responsible for movhey breech block into open and
closed position and also for locking the breechcklbefore the gun is fired. As of
now only the elements are modelled that contritlotehe analysis of the sliding
wedge breech block response when the gun is fired.whole model can be seen in
Fig. 1. Altogether 128,000 elements and 172,000emodere used to discretize the
model of the 100mm gun.

A cross-section along the axis of the gun is shawRig. 2 together with detail
of the breech mechanism without and with finitened&it mesh shown. Note that the
breech block is not cut in order to see the openaliever responsible for sliding the
breech block into open or closed position. In tpaticular gun the sliding breech
block is wedged with a slope 1:50. The gun is shaweoonfiguration right before the
shot is fired. The breech of the gun is closed ey ltreech block which supports the
cartridge. The operation lever is in the locked ifims where a negative angle is
formed by the mechanism, thus the wedge is pushedthe closed position even
during the shot when the pressure acts on the hrigleck.

The HE shell is not modelled in this case, as ifisio interest and the internal
ballistic equations were calculated by numericalns The finite element mesh is
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distributed with the aim to describe the stressebdisplacements in the breech block.
The characteristic size of the finite elements lté breech block is close to 4 mm
whereas the barrel is discretized by more coarshme

Fig. 1 Model of the 100mm gun

e —

Fig. 2 Cross section of the gun with detail of tieech mechanism (left) and finite
element mesh (right)

The meshed breech block is shown in Fig. 3. Theamrsurfaces are defined
between all moving parts and also between the idgercase and the barrel. The
breech ring is attached to the barrel through thedasurface. The thread surfaces are
also defined in the contact conditions. The rifliofgthe barrel is neglected as for this
type of analysis the rifling would not have a sf@g@nt impact.

The material models are chosen according to theaagions of behaviour of the
parts. For example the barrel and the breech kdoekmade of high strength steel and
expected stresses should fall below the limit @&ldistrength. The same can be said
about other parts of the gun except that thesensade of medium grade steels.
Nonetheless deformation into a region of plastafis not permissible. On the other
hand, the cartridge case is made of highly malkeafild steel in a process called cold
drawing and in order for the cartridge to obturtite barrel breech, the deformations
have to be in the region of a plastic flow. Therefoit was concluded that for the
components of the gun which work in the area o$teddaw, an elastic material model
is utilised which is in one dimension governed lyol's law

S=Ee (1)

which states that the streSds proportional to Young’s modulus and straire. The
power law plasticity model is used to describe behaviour of the cartridge case
expressed as

S=ké (2)
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where k is the strength coefficient and is the hardening exponent. Material
parameters used in the model are summarized inTab.

Fig. 3 Breech block with finite element mesh

Tab. 1 Material parameters used in the model

Component Density E Poisson’s K n
p [kg-mJ [GPa] ratio [-] [MPa] []
Gun barrel
Breech ring
Breech block | /820 210 0.3 - _
Handling lever
Cartridge case| 7933 206.8 0.29 545.43|  0.1864p
with primer

The high strength steel used for construction afebh blocks has increased yield
strength where the minimum yield limit starts frapproximately 600 MPa upwards.

For the cartridge case, mild steel is used sotttebreech is obturated as well as
possible efficiently. The material curve of the tdalge case material is shown in
Fig. 4. The yield limit is at 139 MPa after whichet material behaves plastically
according to the power law plasticity model. Thasite strength of the material is
approximately 400 MPa with elongation of 18 %. Th#ain rate effects were
incorporated in the form of modified Johnson-Coolod®l which calculates the
dynamic stres$, from the static stresSusing normalised total plastic strain rate term
as follows

S = g1+ anéP) 3)

where &P is the normalised total plastic strain rate & the strain rate parameter
which is dimensionless. For the analysis, the strate parameter was chosen to be
C =0.01. The strain rate effects cause that theadyo stress during rapid events is
higher compared to the static stress which is contynobtained from the simple
tension test under quasi-static conditions. Notd the material curve in Fig. 4 was
obtained from the tension test with very low loagispeed, i.e. under quasi-static
conditions.
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Fig. 4 Material curve for the cartridge case

The internal ballistics was calculated numericaly simple technique which
calculates the internal ballistics equations by atioal means [14]. The method uses
time stepping procedure where in each time step ballistic parameters are
incrementally calculated from values in the pregidime step. The propellant is
nitroglycerine double based powder present in trenfof tubular shape grains with
outer diameter 5 mm and wall thickness 1.78 mm. ff&etion of propellant burnt is

p=(1-f)(1+6f) 4)
where0< f <1 represents the reduction in thickness of the gnaith andg was set to

0.6 for this particular grain shape including tlemsideration for heat losses. The shell
travel distance was set to 467 cm, the chambethesgs8 cm and the cross-sectional
area for the 100mm gun is equal to 78.5.cithe loading density of the propellant is
0.68 g-cm® with the total weight of the propellant set to &g and the propellant
internal energy 3286 J-Kg(i.e. 785 kcal-kg). The friction force acting on the shell
during the travel down the bore was accountedrfahé form of effective shell mass
M
Mest =E ®)

whereM is the real mass of the shell gmds the friction coefficient between the shell
and the barrel which was set to 0.2 in the analy8iso the shot-start pressure
reflecting the forcing of the shell into the rifirvas set to 47 MPa and the shot starts
to move only after the prescribed pressure valug n@ached.

The shell of mass 15.6 kg is accelerated to thecitgl 900 m-S" in 11.5 ms in
the gun, see Fig. 5. Note that according to theutation the shell was accelerated to a
slightly higher muzzle velocity 907 m'sbut this might be due to the fact that the
recoil movement of the gun was neglected.

3. Results

Upon firing the shot, the gun performs sliding mment backwards. The recoil brake
is not implemented in the model, thus the gun suggoonly by plain bearings slides
freely. The rigid body displacement of the gun tie @axial direction is —14.58 mm at
time 6.2 ms where the maximum chamber pressurerecAtitime 11.48 ms, when the
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shell leaves the barrel, the rigid body displacemadnthe gun is —69.6 mm and the
rigid body velocity of the gun is —13.6 m:sWith the recoil brake implemented the
velocity would be slightly reduced and the muzzédoeity of the shell would then be
approximately 900 m-§ These numbers have to be mentioned because the
deformations of the breech block and all other gaftthe gun are total deformations
including rigid body displacements. The rigid bodisplacement and rigid body
velocities of the gun in the axial direction asiadtion of time are shown in Fig. 6.
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Fig. 5 Pressure curve (left) and the shell veloéitght)
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Fig. 6 Rigid body displacement (left) and rigid lyoctlocity (right) of the gun

3.1. Deformation of the Breech Block and Breech Ring

The deformation of the breech block and breech irinpe axial direction is shown in
Fig. 7. The axial direction is chosen so that tiggdr body displacements can be
subtracted. The minimum in the deformation fieldtteé breech block can be seen to
be —14.98 mm, while the maximum is —-15.21 mm. If subtract the rigid body
displacement, then the minimum deformation is +8mM and the maximum
deformation is —0.63 mm so it can be said thattduthe deformations of the gun the
breech block as a whole is displaced relativelytte gun by 0.4 mm in negative
direction. The difference between the maximum anthimum deformation is
—0.23 mm. This might be taken as an actual defdomadf the breech block if the
breech block would not perform rigid body motion.

The extent of the deformation is minimal comparedhe dimensions of the gun.
Nonetheless the deformation is not symmetric, asbtieech block is weakened on the
right side by the guiding groove for the operatstraft. This can have negative impact
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on durability of the gun as the wear of the brebldtk in connection with the breech
ring would be unevenly distributed. Moreover thisght negatively affect the
accuracy of the gun as will be shown later wher dhcillation of the gun will be
analysed. The deformation of the breech ring islenily not symmetric relatively to
the axis of the gun barrel. It was speculated finstt this might be due to varying
thickness in the breech ring walls but upon cldaspection of the behaviour of the
gun it was found that the gun performs oscillatorgvement in vertical plane. Note
that the deformations in Fig. 7 are only axial defations, not total deformations
calculated from all directional components.
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Fig. 7 Deformation of the breech block (left) arfdlte breech ring (right)

3.2. Analysis of the Gun Oscillation

In Fig. 8 the vertical displacements of the entiten are shown which confirms the
hypothesis. At time 6.2 ms when the chamber presssirmaximal, the vertical
displacement of the barrel is 0.15 mm and the dismmhent keeps rising with time. At
time 11.48 ms the shell leaves the barrel withizage of the shell being at the muzzle.
Here the muzzle has vertical displacement equaldtd mm and the middle of the
barrel moves in the opposite direction with theptisement of 0.6 mm. It can be seen
from the distribution of the displacement field thiae gun also tends to rotate slightly
around its axis. Interestingly, the oscillation the gun occurs only in the vertical
direction, or y-axis (see Fig. 8). This may be doeseveral reasons. Firstly the
numerical aspect might be considered. It is knowat the numerical integration is not
exact and also the finite precision error mighttciboite to numerical artefacts. But it
is also known that for symmetrical problems theusoh tends to be symmetric. In
this case the pressure loads are applied symmigtrigith regard to the gun axis onto
the cartridge case, which is also symmetric andeawer the mesh of the gun barrel
and of the cartridge case is also axially symmeffttus the numerical aspect should
be minimized.

The second aspect might be considered to be theenndeformation of the
breech block which can cause that the purely akiede arising from the chamber
pressure acting on the cartridge casing is projeptatly into the vertical plane. The
result is that the gun is excited into oscillatiexactly in the direction of the y-axis.
The third aspect is worth considering results fribva work of other authors. It has
shown that the gun barrel is forced into oscillatduring the shot which affects the
accuracy of the gun [15, 16]. The gun is forceagoillate with the natural frequency
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of its eigenmodes in this case. To the final oatitih of the gun can contribute one or
any combination of the above mentioned factors.

Fringe Levels
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Fig. 8 Vertical displacements of the gun at tim2 i®s (top) and 11.48 ms (bottom)

The y-displacement as a function of time in tworpi@ion the outer surface of the
barrel is shown in Fig. 9. One point is located ragpnately in the middle of the
barrel and the other one is located directly at thezzle. The tendency of the
oscillation can be seen from the graph up to time tivhen the shell leaves the bore.
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Fig. 9 Vertical displacements at two points on liagrel

The point in the middle of the barrel moves in dieection of positive coordinate
while the point at the muzzle travels in the opposlirection. The peaks are not yet
formed, so the amplitude of the oscillation can ebgected to be larger than the
maximum values presented in Fig. 8 when the baskeo$hell is at the muzzle. All in
all the accuracy of the gun will be definitely affed.

To more accurately model the vibrations of the gha,rifling had to be included
and also the shell should be modelled accordinglyccount for the contribution from
the shell — barrel interaction.
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3.3. Breech Block Stresses

The stress in the breech block is triaxial and ihicombination of bending, shear and
compression. The compression stress should be gatgs by chamber pressure and
therefore its maximum value should not exceed trember pressure. The shear stress
occurs in the plane between the cartridge casetladide of the breech ring which
supports the breech block. The shear surface icdbe of the breech block is so vast
that the shear stress can be neglected. Its maxiwalue can be estimated in tens of
MPa. The most critical is the bending stress amdetfore in the design process this is
the starting point [17]. According to the law oftian and reaction, the force acting on
the breech block should be the same as the fortiegaon the shell but it is a
recommended practice to calculate the force froenptojected surface of the bottom
of the chamber
DZ

F=pr— (6)
wherep is the maximal pressure allis the breech chamber diameter. HBravas
estimated from the model to be 120 mm and the fateng on the breech block is
3325 kN. The force is assumed to be uniformly dhstied on the circular surface
which represents the contact surface between ttiedge case and the breech block
and for the calculation of force moment, the disited force is substituted by two
equal point force$/2 acting in distance 0.22 from the centre of the circular surface
(Fig. 10). The support of the breech block is cdesed as a worst case scenario. As
the breech ring which supports the breech blockas rigid but allows for some
deformations, the exact point of support is undert@hus for analytical solution the
support was assumed along the outer edges of geelvblock.

Fl2  Fi2
0.21D | 1.0.21D

| | I |
Fig. 10 Forces acting on the breech block and dishams

The maximal bending moment to which the breech lbiscsubjected is located
in the area between the two concentrated forces.
F(c
Mpax =—| =—0.2DD 7
= 5[ 02| )

The elastic section modul\¥ is calculated by modified formula accounting foeth
weakening of the breech block by holes, grooves;hes and slopes.
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-1
w_7brF (8)

The dimensions are according to Fig. 10, wheiie equal to 200 mmb is equal to
300 mm andh is equal to 142 mm. Evaluating (7) and (8) usimg dimensions, we get
maximal bending moment value 124 kKN-m and the ielastction modulus value
which is equal to 864,171 nimThe maximal bending stress is than calculated
according to the formula

— M max
Smax - w (9)

which after substituting the corresponding value®qual to 143.9 MPa. This is the
stress reflecting static loading conditions, whigeds to be multiplied by dynamic
loading coefficient. The coefficient is recommendedbe at least 2.5 but the higher
the coefficient, the higher is the probability thhé elastic limit will not be exceeded

as the safety allowance is increased [17]. If tuefficient is used then the maximum
dynamic stress calculated according to the analgiethod accounting for stress
concentrators is 359.75 MPa. This is below thedyittess which should be at least
600 MPa, so it can be stated that the breech hikbdesigned to work in the limits of

elasticity. By the analytic solution only the maxihstress can be estimated.

The stress distribution can be obtained by numkricaans only. The breech
block stresses from simulation are shown in Fig. While it can be seen that the
stress in most of the volume of the breech blocknadest, there are present stress
concentrators where the stress reaches maximure.vahe effective stress in a point
on the breech block where a maximum occurred asnatibn of time is shown in
Fig. 12. The curve is very similar in shape to ttteamber pressure curve and the
position of the peak is similarly at 6.2 ms.

The maximal value of the stress according to thmerical analysis is 374.8 MPa
which is very close to the analytic solution and tksult and conclusion is confirmed.
The gun itself is constructed to handle various$ypf ammunition. The response for
HE ammunition is only shown because the data weadable for this particular type.

4. Conclusion

A model of the 100mm gun is presented in the papae model consists only of
components necessary for stress analysis of thecbréuring firing and these are the
gun tube, breech ring, breech block, operationtshaél cartridge case. The gun is
assembled in battery position, ready to be firede Ppressure due to propellant is
applied on the inner surface of the cartridge casech is accordingly forced onto the
breech block and acts on it. The asymmetry in gegmaearly contributes to uneven
deformation and the recommended solution is to fgotlie operating shaft into
symmetric pattern so as to prevent excessive weswden contact surfaces.
Oscillations of the gun tube were detected uporyaigy the results. This might be
due to several reasons but the main reason migtitdbasymmetric breech where the
upper side is cut into an angle but also the brds#abk skewed deformations might
contribute to oscillations. The breech might beatahced and in the future symmetric
distribution of the mass might be considered toniglate undesirable effects. The
breech block was the component with maximum sthegbe analysis. Numeric and
analytic solution did converge to a safe value @ximum stress which is in the
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elastic limit range including space for safety almce. It can be concluded that the

gun is safe and the accuracy can be further imghove
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Fig. 11 Stress distribution in the breech block
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