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NUMERICAL SIMULATIONS OF GUN-LAUNCHED KINETIC

ENERGY PROJECTILES SUBJsCTED TO ASYMMETRIC

PROJECTILE BASE PRESSURE

D.A. Rabem
Los Almos National Laboratory, LOSAlamos, NM 87545, U.S.A.

Summary - Three-chmenslomd numencitl slmukttlons were pertormed 10I
determine the effect of an asymmernc base pressure on kinetic energy
projectiles during launch. A mmrix of simulations was performed in two I
sepaxate launch environments. One launch environment represented a severe
lateral load environment, while the ocher represented a nonsevere lateral load
environment based on the gun tube straightness. The orientation of the
asymmetric pressure field, its duration, the projectile’s initial position, and the
tube stzaighcness were altered to determine the effects of eitch parameter. The
pressure asymmetry translates down che launch tube to exit parameters and is
not washed out by tube profile. Results from tie matrix of simulations are
presented.

INTRODUCTION

The wotk presented investigates the effect of an asymmetric base pressure on the M829 sabotd
long-rod projectile and the influence of base pressure asymmetry on projectile behavior inlxme
and on projectile motion near the muzzle. This asymmetry can affect the position of the
projectile, not only immediately after ignition, but ~lso during the flight down me gun tube.

Limited data were available on the du.mcion, magnitude, and orientation of pressure qmrnewM
in the breech or on the back of the projectile. These data did indicate the possibility of
differcntiitl pressures of 1 to 3% of the current base pressure at the back of the projectile during
the first half of the pressure time history, Past experiments did not rule out or validate my
pressure asymmetry. This study is based on the premise that there is an itsymmetry and that
mechanical and structtmd pwformance will change inbore and near muzzle exiL

Ile rwional &sign of saborhod pitckages hus evolved to include numerical simulations of many
types, including beam models [ 1], static two-dimensional finite element ,nnalyses12],,and-
detailed transient three-dimcnsionid simulittions [3,4]. The transient three-dimensional analyses
include details that were experimentally proven to predict inhere projectile behavior end
projectile flight characteristics ncitr the muzzle of the gun, In the simulutioris, the M829
sitborkod system wus mcxlcled in [he M25ti 120-mm gun. The projectile mails the rd. snbot,
obturator, fins, wind screen, und tip. The gun is free m recoil axiitlly, und it includes a
symmetric breech.

A rnittix of 13 simulations WNSpertommd to dctennine the effect of asymmcm: pressure on the
projcctik, The simulations were pcrfonncd in two different litun~h tubes rcprcscming severe
tind nonscvcrc Iitterul nccclcrution cnvirortmcnls. l’hc mc[hodciogy, systcm pitmmeters,
simulittion matrix, results, und ~ompitrisolls”tire prc.scmedhlk foIIowing sections to provide
insight into the effect of tisymrncuic ktsc pressure on pmjecti Ic pcrfmmtncc.

SYSTI:M PARAMETERS

S~stcm purnmckrs for Ihc M2S6 120-IINI1gun WK!MII129silbot/r(d systcm include pressure
hlsmncs, [ube profiles. M projccvik iniliid posilion. ‘1’hchlH29 pro.lcc’tllcconsisls of m’t



aluminum sabot, a U3/4Ti alloy penetrator core, an aluminum windscreen with steel tip,
alurninium fins, and a nylon obturator, The projectile has buttress grooves to engage the sabot
with the rod. The M256 gun is the standard 120-n-Emgun ust:ti in the inventory. Dimensions
for both systems are documented in “Axially Accelerated Saboted Rods Subjected to LateraJ
Forces.” [3]

The gun tubes for this study were selected to simulate a severe and nonsevere lateral load
environment. The severe lateral load environment is represented by the tube proillc ofSN81,
and the nonsevere lateral load environment is represented by the tube profile of SN 104. To
determine the !ateral tube profile for the tubes, droop and straightness profile were included.
The M256 tube was modeled with the ABAQUS finite element code [5] and was subjected to
gravity loads KOdetermine the droop of the tube while stationary in the recoil mechanism.
Results show that the tube droops 1.75 mm under its own weight. The tube profile is the
straightness of the tube without the droop, Figure 1 shows the profile of both the tubes in the
yz plane (up-down). The profile of SN81 has considerably more :urvature than that of SN 104.
The curvature near the end of tube SN81 is encountered as the proje~ [ile is moving at high
vekxxty where very little deviation exists in SN 104. In the eariy portion of projectile travel,
very little lateral motion can be seen in either tube. This region is the area most affected by the
asymmernc base pressure. Both tubes have minimal deviation in the xz plane (left-right).

For this study, we defined an asymmetric base pressure case as having a 2% variation from the
symmetric pressure case from one side of the prc)jectile to the other. To accomplish this
asymmetry, we assumed the pressure to have 9$W0 of the symmetric pressure value on one side
of the projectile and 101YO of the symmetric pressure value dn the other side of the projectile.
One set of simulations assumes that the pressure asymmetry stops after the projectile begins to
outrun the propellant grain; this occurs at approximately peak pressure (3.9 ins). Figure 2
illustrates the pressure time history for the asymmernc case studied, The 270 differential can be
seen in the figure with the enlargement provided at the peak pressure, The top pressure trace on
the enlargement reprcsertts the 101% base pressure loading, the center represents the 100%
symmernc loading, and ihe lower represents the 99% base pressure loading. The breech
pressure remained symmernc in all of the simulations as did the tube wall pressure. Because of
the lack of data on when the asymmetric pressure front becomes symmernc, another, shorter
period of asymmetxy, was investigated with another set of simulations. A second pressure
profile was chosen. ll,is profile assumes that the base pressure asymmetry reverts to symmetry
at 2.65 ms. This time corresponds to half the peak base pressure. The propellant bed
compaction that occurs early on in the pressure time hismry might induc~ the conditions of
asymmetry until 2,65 ms,
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section were modeled to ascertain the projectile perfom-m~ce differences tmcountered’with the
different gun tube profiles and the symmetric and asymmernc load profiles discussed therein.
The components of the finite element mesh MC shown in Fig. 3. The mesh was gcneratd with
the PATRAN code [6]. The mesh consists of 10,530 elements: 14,204 nodes; 20 pressure scw
wit-h 4 separate pressure profiles representing the breech pressure, tie syrnmernc base prcssure,
the 99% asymmetry profile, and the 101% asymmetry profile, The mesh incorporates sliding
surfaces along the tube and projectile, 9 material groups, and boundary conditions hat qresent
a symrnetnc recoil motion, Three versions of the mesh were generatrd to reflect the projectile
initial conditions and the two tube profiles for SN81 and SN104. Tube profiles were input into
the PATRAN output file by using the offset spline routine in GRIWOS [7]. This program
enables the user to specify a general spline and offset to alter an existing finite elemr,~t mesh.
The spline, in these cases, represents the centerline profile of [he gun tube. ?hirteen different
simulations were completed

The output from GREPOS was shipped from the VAX environment to the Cray Y-MP
environment for the actual simulations. The PRONT03D code [8] was used for the
simulations. Each simulation required 403 minutes of Cray time to ccmplete. The simulations
were ctied out for 9.0 ms of real time. me projectile exits the muzzle at 7,2 ms, The
pressure drops to zero immediately as the prq wile Ieuves the robe, uncl the simultition continues
to 9,0 ms to determine near-exit parameters.

Some of the postprocessing was performed wi[h BLOT [9]. The code reads output from
PR0NT03D and produces contour, space. or time plots for the user. I%is code was primarily
used for the contour plots und displaced geometry plots in this study. To determine differences
from cilch run, completed plot dumps were created, animated, imd output onto video tape,
Animfltion proved helpful in determining rclutive effects from the 13 runs compltted for the
study, Displaced shapes were also extracted using [he RLOT” progrnm, From time histoty plots
of dispkcmcnt ut uxitil lwutions tikmg [hc rod, fits of [hc dtitti were ~~l~ulii[~d. Software
produced inhouse determined rod pitch, yaw, pitch rtite, w-id yiIw rm at tivc temporal locations
inbore u.nd two temporal locutions tiftcr Icuving the muzzle.

The murnx of simulations is shown in Tublc 1. The 13 mns complctcd for lhc study included 8
simukuions in luunch tube SN81 tind 5 simuhuions in ktunch tube SN luLI. The mmrix of
simukions was chosen to dcterrninc the effect of launch environment, symmetric base pressure
vemus ~symmetric pcrformwwc, duration of mymmcay, itrtd initiitl position.
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TABLU 1. SfMULATIO~S PERFORMED

Launch~ ymmcmc InitialProjectde Asymmeuy iXre@an of
Environment Pressure Vs Tdt [deg) Transition !O Asynmetty

Asymmetric Symmetric (ins)
SNgl sm~~ Q .
SN81 Asymmernc !.9
SN81 Asymmetric ! 3.9 Z!wn
SN81 Asymmetric 0 3.9 left
SN81 Asymmcuic O 3.9 right
SN81 Asyntmxric 2.65
SN81 Asyrnnwrnc : 2.65 ;!wn
SN81 symmetric :.15 up - .
SNI04 symmetric .
SN104 Asymmetric ;.9
SNI04 Asymmetric 8 3.9 ;!wn
SNI04 Asymrwttic O 3.9 left
SNI04 AsyrrtnWrit o 3.9 right

Eight simulations were performed using
the SN81 tube profile. Launch tube SIW1 rcprcsmtts u severe IQteralload environment, It is
not representative of launch tubes that arc cumendy being tleldcd, but it provides a profile that
excns a severe path change on the projecrik at a kmownlocution, After approximately 3810 mm
of tmvcl while traveling at o speed of upproxinmtcly {S75 IP/s, the projectile is forced through n
bend in the tube. The eight simulations perft-mrtedrepresent variations in pressure loading from
!he symmetric prestwrc cosc to four separate oricntutions of pressure mymmctry with the
pressure ttsymmcq ccmver@g to symmetry tit two separate times, One of the symmct.ric
pressure runs inchtdcd an iniwd tilt of 0,15 deg for the projectile at time ZCKL

Figures 4 nnd5 show the displnced shape of the prujectilc for the symmetric loading, the tikd

up projectile, the pressure up, the pressure dowrt, he pressure left, umi the pressure right
sirnuhuions itt 3.75 imd 7,50 ms. In all of the mymme(ric pressure ctises, [hq as,~eq
reverts tosymmetry at 3.9 ms. This [itne reprwcnrs pefikbmc pressure. “IM pm]cutile leaves
(he rnttzzIc M 7.2 ms, The colh!ge of sh~pes from thv six simuhttions tire presented to compam
dIc projectile shape M the times listed.

AI 3,75 Ins [Fig, 4) the bitsc pressure hasintxcw.d@315 MPti. The 2% prcmt.rc GSYmUWY
represents 6,3 MPa M this tirnc. Thc projectile has mewed447 mm findis traveling ti(585 m/s,
‘1’hcprojectile amtinucs to displace in the dircc(ion of kwiing wi~houtbending the ftwwd
portion of’the rod. The projectile SINIWSnot cncmtntmd dcviat!ons m tube mdghtncss.
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Fig, 5. Projectile displaced shape at t=7.SO ms for SN81 symmetric and tlltti
up symmetric simulations with asymmetry ending at 3.9 rns (mngniflcatlon
factor = lo).

At 7.5 ms (Fig. 5) the projectile has Icft the gun IUbe (it exits the tube at 7.2 ins), traveling lfi2
Ids. Its base pressure is dropi]ml [o zero tit muzzle exit. II has encountered uII of the launch
tube deviations and is now flying free. ‘Ile diSplilCCd rods from Lhe symmcuic pressw Cw
and the tilted-up symmemc pressure case huve similar shapes. The pressure-up slmulution hu
[hc most scvcrcly distcrted shape. At 7.5 ms the effects of the tmymmeuy und tube pmfilc ~
combined for the pressure-up condition, und dccrcased for the pressure-down condition.

The simu!utions pcrforrncd in SNH I show [hat the rods arc only slightly affcctcd at early times
until pressure builds closer to the pcuk htsc pressure. The (,lisplaccd shapes differed



dramatically by varying the asyrnrnetry-to-sy mmeuy transition time. Late in the projectile
inbore tlight, tie tube profile domimmxi the projectile’s displaced shape because of Lhedmmatic
Iatmd accelemtions encountered in the gun at late rime.

Displaced shapes of the projectile were compared at several times for simulations using tube
SN81. Additional data were excracwd to determine pitch, yaw, pitch rate, and yaw rct[e at the
same temporal locations. Figure 6 shows a gun tube protlle exaggerated at time 0.00. For the
simulations the XYZ coordinate system shown at tie breech was USIXLThis coordinate system
represents the initial onnbion of the projectile. The positive X-direction is to the lef~ !cmking
down on the gun tube. Tht positive Y-direction is up and positive Z-direction is along the
initial tube direction, As discussed previously, each gun ;~be droops and has a distinct tube
profile, The pointing angle of the gun is different from the XYZ coordinate system and is
represented witi a new coordinate system designated X’Y’Z’. In this case the Z-direction is
along the initial pointing angle of the muzzle of t-he gun. Data were extracted and processd at 7
temporal locations (1.50, 2.25, 3.00, 3.75, 4.50, 7.50, and 9.00 ins). Left is in the positive
X’ direction (Fig. 6), Lateral velocity of the projectile is provided between [he 7.5 and 9.0 ms
times for boti the X’Z’ and Y’Z’ planes.

Figure 7 shows pitch versus time for the eigh[ simulations performed using mbe SN81. The
top-right graph compares the symmetric pressure case, the up and down asyrn.mernc cases with
asymmetry reverting to symmetry at 3.9 ms; and the symmetric tilted-up initkd-condition case.
The syrnmernc case indicated by the circles, shows little pitcki during the first 4.5 ms of flight.
After the projectile exits the gun, the tube profile predicts that the penetrmor will be pitched
down at both 7.5 and 9.0 ms. The asymmetric pressure-up tase is shown by the square data
points. In this case the upward ~ressure on the aft of the projectile cm.tses downward rr auon
until the projectile foward bell contacts and gun tube, tlexes, and then rebounds near the 4 rns
mark. The projectile exits with a completely differem pitch, wi[h the projectile pointing up at
Mh the 7.5- and the 9.00-ms marks. During the first 4.5 ms, almost identical behavior is seen
for the initially tilted-up case. Exit parameters are larger in magni[ude, and the projectile is
pitched down at both 7.5 and 9.0 ms.

In the bottom graph of Fig. 7, the symmernc pressure case is plotted itgain for reference, with
the up and down asymmetry cases reverting at 2.65 ms. The trends are similar to [he previous
plot during the first 4.5 ms, but the magnitude and response times have decreased. The third
graph shows the pitch versus time for the right and left asymmetric pressure cases rcvernng at
3.9 ms. The pitch response during etirly time is essentially zero. After the projectile t.mvels

through tube SN81, the projectile response is varied between the three simulations.

+X . loft, 10ok.IIMdown on dIa tuba ‘ 7’

.X - nuht, Iouking down on he luti I)dnunu Itnglc

+Ymup
mardmata gvrnum
ntuol#().Oa

Y=dom

Fig. 6. Simulation nnd p~illtingnnglecoorttirtu[c systems.
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Fig. 7. Pitch versus time for simulations using launch tube SN81.

SUMMARY

Thirteen three-dimensional simulations were performed [o study the effects of pressure
asymmetry during projectile launch. Eight simulations were completed using the SN81 tube
pmtile and cordlgurations. These simulations include the symrrtcuic base pressure case and the
asymmetric pressure C&ses, widt 290 pressure deviations across the sabot aft ramp and rod in the
up, down, left, and right configurations where the asymmetry reverts to symmmry after 3,9 ms.
Two additional iisymmctric cmcs invcs[iga[ed the asyimmernc pressure reverting to syrnmernc
base pressure at 2.65 ms. Ttrc last simuluticm using the SN81 protile, hzd symmetric base
pressure, but the projectile was inititdly tilted up (),15 dcg in the gun. Five simulations were
completed using the SN104 tube profile. These simulations included the symrnernc pressure
case and asymmetric cases rcvernng at 3,9 ms in ~he up, down, left, und righ[ orientations.

Displaced shapes were output and comparxi for the thirteen simulations, Pitch, ynw, pitch mtc,
and yaw rate were cxtractcd from the ncxhd data and presented in tubular and graphical form to
compm the differences Ixtween the simulations, Animations of the simulations were ereatcd to
compare the projectile shapes, while inbore, for all of the sirnu!ations. Some of the highlights
from the sirnulutions ure listu.i below.

8 Limited d:ita were tivoil;ible on the magnitude, dur;ltion, iltld orientation of
prcssu~c usymmctry. A 2% vitritition was used ticro:;s the pmjcctilc wi[h
durations of 2,65 and 3.9 rns,

9 While the pressure asymmetry is applied, the projcc[ile does not encounter tmy
lube stmigh[ncss dcviutions. For the 3.9-ins case, ihc usymmctry rcvcms to
symme[ry uftcr [he projectile htis [raveled ubou~ 19,() in, “rcbe deviations in
straigh[ncss occur tit’tcr24 in. [~i [rtivcl, whcrr [hr b,ISC p-cssurc is rwnping down

[mm pcuk pressure.



Response to the base asymmetry was consistent with the direction of the
pressure mymrne~, Inalicases theprojectile rotrites until the fotwardbel.l
impac~s me tube wall, flexes, and then bounces back. The magnimde of the
flexure was dependent on the duration and the magnitude of load.
After the asymmetry was revemxi to symmetric base pressure, the projectile was
then influenced by tube profile and by the inertial loads of the vibr~,mg
projectile.
The influence of pressure asymmetry remains with the projectile after muzzle
exit. If the phase of projectile response caused by the pressure asymmetry is in
or nearly in phase wirh the forcing function, the mag,~itude of displacement is
increasai as indicated in both up-pressure asymmetric cases.

9 The exit parameters were influenced by the early base pressure and by the
projectile’s initial position. The near muzzle exit results are affected by a
combination of pressure asymmetry, duration, and tube profde location with the
cutmtt projectile displaced shape.

● Asyrnrnernc base pressure influences the inbore behavior and the near muzzle
exit parameters. It is not eliminated by the more dominant tube straightness
parameters at late time.

The work indicates that the pressure asymmetry may be a some of projectile motion within the
gun tube and may contribute to dispersion at the target. Fum.re work should be undertaken to
determine the magnitude and cause of any asymmetric base pressure and its orientation and
duration. That work would provide data that would determine the effect of the asymmetry on
projectiles while inbore. Characterizing the three-dimensional environment of pressure within
the chamber is a major experimental undertaking. Insights could possibly be gained in sealed
experiments and in ~hree-dimensional simulations of propellant bed combustion and
compaction.

~ This work was funded by the Office of Rogratn Management - Tank
Main Armament Systems (OPM-TMAS) and the U.S. Army Ballistic Rese~ch L~~~tOry
(BRL) under the direction of W. Lang. B. Bums and B. Kaste provided the data required for
the simulations and were the technical points of contact within the Army. R. B. Parker and
W. D. Birchlcr helped with the coordinate system transformation and wrote the postprocessing
software for Ihe flight analysis. The uuthors wish to thank drese individuals for their help in
this work.
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