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ABSTRACT

The dynamical motion of a FSAPDS projectile is affected due to the propellant gas force,
aerodynamic, gravity along with mechanical force, and shockwave forces. In the sabot opening
process, the mechanical action takes place and the sabot gets separated due to the shockwave
force. In external mechanical action of sabot separation, the maximum stretch of the spring defines
the end of third phase of motion. In this paper the motion of the projectile and its stability
during this phase has been presented. The time delay in the sabot opening affects the stability
of the projectile is discussed with the help of modified stability parameter.
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Moment of inertia about the X-axis
Moment of inertia about the Y-axis
Moment of inertia about the Z-axis
Mass

Mass centre of projectile sabot
Mass center of the projectile sabot
Position vector

Velocity

Projectile reference area

Inertial coordinate system
Propellant gas pressure

Pressure at the tip of sabot
Pressure at opening of sabot
Specific heat ratio

Shock Mack number

Velocity of sound
Tip of the sabot
Air density

Density of the gas in the vicinity of
sabot

Pressure in gas flow

Projectile characteristics length
Range, altitude, and drift, respectively
Lift/Normal coefficient

Drag/Axial coefficient

Propellant gas force/moment
Aerodynamic force/moment

Gravity force/moment

Overturning moment

Magnus moment coefficient

Magnus force coefficient
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C ot Pitch damping moment coefficient Suffix
Crqt Pitch damping force coefficient 1 Denotes the projectile coordinate systems
u, v, w Velocity componentsin projectile frame 2 Denotesthe velocity coordinate systems
©,,0,,0, Angular velocity components of projectile 3 Denotes the sabot component fixed
r Position vector of the effective pressure coordinate systems
point and centre of mass of the projectile p Denotes the projectile component
Q Angular velocity Denotes the sabot component
5,,0, Angles made by projectile axisin velocity 1. INTRODUCTION
frame
N The motion of fin stabilised armor piercing
PSP ﬁ]”g'ff.rgcagfeb¥rt:j$]2r°pd'mt gasdirection i arding sabot (FSAPDS) is affected mainly by
Proj the forces acting during sabot discard process.
€,,€, Angles made by propellant gas direction Yang' has developed a theoretical model of the
in inertial frame motion with three turning points and two transition
Axial spin of the proiectile perlods (Fig.1). '!'he f|_rst turning point is at the
P ' P _ prol instant when the fixed circles of a sabot component
Co Spin damping moment reaches the limit stress state, and its groove teeth
C, Specific heat of gases around break at the same tlmg due .to t'he ar dynamm
_ force. The second turning point is at the instant
Lc Length between the centre and tip of when circle groove teeth of a sabot component
sabot separate from those of projectile body and their
Ls Total length of the sabot mechanical interaction vanishes also due to the air
0 Andle of attack dynamic force. The moment is defined as the third
ngle of attac turning point, when the intersect point between
O] Angle of side slip projectile and shock wave at the head of a sabot
Convention corr_]ponen_t moves to the prqjectlle baseZ and the
projectileisconsidered as getting from the influence
X Vector cross product region.
FIRST SECOND THIRD FREE-FLIGHT
MUZZLE TURNING TURNING TURNING TRAJECTORY
POINT POINT POINT

FIRST SECOND
PERIOD PERIOD

(FIRST TRANSITION PERIOD)

THIRD
PERIOD

(SECOND TRANSITION PERIOD)

FOURTH
PERIOD
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Figure 1. Turning points, four phases and transition periods of sabot discarding process.
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The first phase is from the moment of the
projectile leaving the gun muzzleto thefirst turning
point. The second phase is from the first turning
point to the second one. Thethird phaseis between
the second turning point and third one. The fourth
phase is free flight phase of the projectile, during
which the projectile getsrid of the sabot component
influence.

For FSAPDS projectile, the trajectory and
stability depend on different forces in different
phases of the motion. The forces affecting the
motion of the FSAPDS projectile are propellant
gas force, aerodynamic, gravity along with mechanical
force and shockwave forces. Here, the aerodynamics
forces considered are: Drag force, lift force,
magnus force, and pitch damping force. During
the first phase? the gravity, aerodynamics forces
along with propellant gas force affect the motion.
The motion is influenced by shockwave and
mechanical force during sabot opening, which
was discussed in the second phase 3. Due to
mechanical as well as shockwave forces, the
sabot starts separating from the projectile. The
small angle 0, is developed between the sabot
and the projectile (Fig. 2).

Inthethird phase, the gas flow enters between
the projectile body and the sabot, pressure increases
impulsively and the area of the cross section at
the tip of sabot increases. At a particular instant,
the area is sufficiently increased that, the sabot
gets totally separated from the projectile.

Different aspects of saboted projectile study
have been studied since 1957. Gallagher* presented
an experimental design of projectile deviation
from the desired aim point due to muzzle blast,

sabot discard, and projectile asymmetry. Conn®
investigated the effect of aerodynamic interference
between sabots and projectiles fired from alight
gas gun on conical projectile launched with a
two-segment sabot. Schmist and Shear® investigated
the trajectory disturbances originating during the
discard of sabot components from gun-launched
fin-stabilized projectile. The motion of the projectile
and separation sabot components were measured
near the muzzle with flash x-rays. Siegelman
and Crimi” used the experimental test data generated
by BRL and developed an empirically-based model
of the flow field around a projectile and its sabot
components during discard and concluded that
the flow field model coupled with a dynamic
model predictsthe motion of the sabot components.
Cui® applied anew photographic method by means
of the visual light. Plostins® proposed the model
for planer motion describing the linear and angular
motions of a KE penetrator during the sabot
discard. The model in nonlinear least square fit
was, then, suggested, and used transitional ballistics
data. The magnitude, direction, and duration of
the sabot discard disturbances are then extracted.
Yang,® et al. studied the asymmetry in the
sabot discard process of APFSDS using numerical
simulation experiment. A CFD study of the
aerodynamic of a sabot separating from a gun-
launched projectile was reported by Lesage and
Row?!!, Sabot discard aerodynamics was studied
both numerically and experimentally by Champigny*2
only at Mach number 3.5 for various orientations
and location of sabot wrt the projectile.

In the previous work, the authors studied projectile
motion during phase | and phase I1. In this paper,
the motion in the third phase is discussed in which

e

Figure 2. Angle 6, between the sabot and the projectile.
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the stress is on shockwave pressure modelling and
its effects on the sabot separation. To analyse the
effect of time lag during sabot opening process,
the following three cases have been considered:

(i) If al the three sabots are opening simultaneously,
it results in to the shockwave force whose
resultant on the projectile becomes zero.

(i) 1f one sabot is opening with atimelag, the time
delay considered in this particular case is such
that it starts opening at the instant when the
mechanical action of the other two sabots is
completed. Here, two sabots experience the
shockwave force whereas the third sabot starts
its mechanical action.

(i) If one sabot completes its second phase, and
the other two sabots start the opening process,
then in this case, the projectile suffers from
stability as the modified stability parameter®®
S > 2. The shock wave force is expressed as
pressure acting on the cross-sectional area of
each sabot. The pressure is modelled with the
help of free propagating idea.

2. SHOCKWAVE PRESSURE MODELLING

The small angle 0, is developed between the
sabot and projectile, which was studied in the second
phase (Fig. 1). In the third phase, the air flow
enters between projectile body and sabot and shockwave
is developed which passes over the sabot towards
the tip.

In the general case, for 1-D, unsteady flows,
the governing equations are expressed by Whitham?*
are:

%, 0, 3 __puA

ot T ox ox Adx
ou ou 10p
—tU—+——=-
ot oX p OX

0s os uf +q .

+uU—=

ot ox T
P=p(p,s); (1)

’
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where p, p, u are the pressure, density, and flow
velocity of gas particle, respectively; sisthe entropy,
f is the frictional force per unit mass of gas, q is
the heat transfer rate per unit mass of gas, T is
the temperature of gas, and A is the cross-sectional
area.

For an isentropic gas flow, the heat transfer
g and friction f are neglected, then

ds . . dp ,d
—=0 whichgives —=a"—
dt ¢ dt dt (2)

When amoving shock travelsthrough avariable
cross-sectional area, the shock itself and the flow
behind it are disturbed. The shock strength and the
shock front will change which generate some reflected
disturbances and nonuniform flow fields behind the
shock. While the reflected disturbances movein to
the noununiform flow field, the re-reflected disturbances
occur, some will overtake the shock and charge its
strength and shape also.

In free-propagation concept, the influence
of the re-reflected disturbance waves on the
shockwave is neglected. Here, this concept is
used to get the change in the cross-sectional
area due to pressure.

For homentropic flow, some continuous pressure
waves are present. In double-wave flows, there
are both right traveling and left traveling waves
whereas in simple wave flows, one of them is
present. The equations

u+ﬁ=k1 along%=u+a

v-1 dt (3)
2a dx

u-——=Kk, along—=u-a
v-1 . J at )

represent theright traveling waves, and left traveling
waves, respectively. Hence, there are two families
of waves or characteristics.

For constant cross-sectional area, the governing
equations for isentropic flow become:
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RN S
ot oX ax

u, 8 1

ot oX p OX ’

BBy (5)
ot OX

p=p(p,s);

From Eqgns (2) and (5), one has

1d, udp, M

=0 (6)
pa ot paox X
1% + u +Uu u =0 @)
pox ot X

By combining Egns (6) and (7), one gets

S s )—]+ 2 urad-o0 @
= (—)—]+1aat'° u-aL1-0 @
§+ B_o (10)
ot ax
or
1 dp,
(—)I a(dt) =0 11
du 1 dp
(E) a( dt)” = 12
ds
(a)m =0 (13)
du+idp=0 along %=u+a 14
pa dt
du—idpzo along %:u—a 15)
pa dt
_ &
ds=0 along i (26)

The three families represent right traveling
and left traveling pressure waves and the particle

paths, respectively. It means the disturbance of
entropy propagates in the flow field with the velocity
of gas particle.

With avariable cross-sectional area, the above
equations get modified to

2
p+ padu+£2 udA o along C*
u+a A

dx
—=u+a (17
m 17)

2

dp—padu+pa u%=0along c %zu—a (18)
u-a A dt
ds—azdp=0along P (;1( u (19)

These three families of characteristics in the
flow field, that is, characteristics C*, characteristics
C - and characteristics P are the particle paths
Fig. 3. From the physical point of view, the positive
characteristicslabeled as C* have the same direction
as the shock-wave; the negative characteristics
labeled as C-are generated by the variable- strength
shock. The negative characteristics are the refl ected
disturbance waves. When the re-reflected disturbance
waves are neglected, the positive characteristics
only play a subsidiary role. The basic equation
along a characteristic

7 =0 (20)

d:"

NN MOVING SHOCK
p = d— GASFLOW
ra /

AREA OF CROSS SECTION

Figure 3. A shockwave moving through a variable cross-
sectional area.
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The moving shock relations are as follows:

v g2 =1
P _p(y+1 y+1)

(y+)M?2
1W—DM2+2
U, =2 M-

(v+D (21)
2yM? — (y =]*[(y -YM * + 22
(y+DHM

=8

C*is given as

from the Egn (21)

4y
cmz aﬁ+lMdM (22)
2
du. = —L 141 yqm (23)
2 (y+) M2
pﬁM
M

2 1/2
(y-DM =+2
2/M 2—(y-1)
Mach numbers for the propagation of a moving
shock relative to the flow field behind it.

where, 1= »which represents the

From the Eqgns (20) and (23), one has

Poolly 203 H(MZ-D[2M 2 - (1)
[2u(MZ-2)+(y-DM 2 + 2]

(25)
u,+a,

From the Eqgns (1), (21), (22), (23), and (24),
the relation between the shock Mach number and
the cross-sectional area is

2MdM  dA_
(M2-D)K(M) A (26)
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where

2
K(M)=[2(2u+1+ M~ 2)~ L4 2120714
y+1 n
Integrating Egn (26), one has

2MdM

where, C= F(My) (27)
A (M)
A (M) (28)
where
f(M) = ep{{ I3+ 2 I(MZ 1
2y
+inE %+U 5Mm[+ﬂ vz)
Y
_ vz Y- 1/2 2
(Zy) nfp— ( +[y(y—1)]
2 illz z_Y_—lllz 1
(M7 5 ="+ (v 2y> ]+[2(y_1)]

Aryllz(y 1)[M +Y ]1/2[M2 Y— ]]1/2

Suffix 0 denotes the initial condition for this
motion which is the same as the final condition for
phase II.

3. EQUATIONS OF MOTION OF
PROJECTILE

3.1 Forces

The propellant gas force, aerodynamic force,
and gravity force acting on the projectile? are similar
to those in phase I1. The additional forces due to
the sabot opening process are discussed here
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3.1.1 Model for the Shockwave Force F4

The shockwave force is obtained by assuming
the shockwave pressure acting on the cross-sectional
area of the sabot.

A shockwave force for each sabot component
is given by

F, = Shockwave force

=—Pressurex Areaof (29)
cross section of sabot X iy

= z F, = Shockwave force

From the Eqn (22), the pressure due to shock
is given by

2y g2 _r-1
Py = pl(y-l—l y-l—l]

F _—p] —M T D /4I 30

2y 2 _ 11 )
- P (y +1 _y+1jn(D52/4)(C0393i'n +

sin0y Jli)

3 2 1
Y 2 Y- 2 :
= p M T D 14 COS@ I +SN0.,; ja:
Z]_ 1 (Y 1 - :J ( ) ( 31 J]I )

2y b2 y-1 2 :
=— M D 14 COSO., i, +SN0.; os
pl(Hl HJ ( )2( 5y +SN05 1)

(31)

3.1.2 Shockwave Moment

Inthe phase 1, the mechanical forceis absent,
thus the mechanical action moment is zero
and shockwave force generates the corresponding
moment:

M,=T, XF, (32)

[oZ)

M _, = Shockwave force moment

= Distance X Force (33
=0,C X F,

3 _ . 3
=T, XY F, =rj, XD F, [Buti,=i]

i=1 i=1

M, =0 [-iXi=0] (34)

3.2 6-DOFs Equations for Projectile

In the third phase of motion, the trajectory of
the projectile in 6-DOFs can be obtained with the
remaining four forces except mechanical force.
The force and moment equations are resolved in
velocity and projectile coordinate system respectively
(Fig. 4). The scalar equations are

Force equations

V,, ={ PA (cosg, cosg, c0sh, cosd, —Sing, cose, Sind,
—sing, cosb, sing,) + (1/ 2)pSV,{-Cp +
(I /Vp)CrglSind,(—, Siny, cos6, + 6, cosy,)

+00s8, Sind, (¢, cosy, cosd, + 6, siny,)]}

2y M2 X 1 2
-pZm?-2n 0

Cos6,; Cosd, Cosd, —mgsingd,}/m (35)
7
L 3
\\ o, 2’
HM\’{J/
A IS
\\\ )
Y ' P
foe= "
f.?fj '
0l 7 wi > ok
. ¥, .
PN
* 2

Figure 4. Angle of side dlips, angle of attack and velocity.
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¢, ={ PA(cosg, cose, sing,, +sing, cosd, ) + (1/ 2)p5\/p2{ [-C,, sind, coss, —(pl /V,)C

Npo sind,

+ (1/Vp)Cpiqe[COS3, (— by SNy, COSO, + 0, COSY,) —SiNd, Sind, (¢, Cosy, cosb; + 0, siny,)]}

2 -1 _ . (36)
+ pl(y—flM 2 —hjn (D2/4) cosby sind, cosd,} /(—mVed, cosb,)
6, ={ PA(cose, cose, SinB, cosd, + Sine, Cose, oSO, —Sine,sind, sing,) + (1/ 2)pS/p2[C,_a sing,
— (Pl /V,)Cpp, SING; €058, — (I /Vp)Cpy COSB, (¢, COSY, COSO, + 6, Siny, )]
2 -1 : (37)
- pl[y—IlM 2 —h)n (D2/4) cosy sind,, + mgcosh,} /(—mV,)
Moment equations
|, (0/0t)(p, SN0, +7,) = r,PA(-sinn, cosn, Sine, +sinn, sing, cose, )+ (1/2)p SVp2I Cp(pl/V,) (38)
ly (01 8t)($, cosy, cose, + 6, siny,)
=+(lyy = 1,.)(61 SINBy +7;)(~¢; SN, COSO; + 6, cosy,)]
+1,PA(sinn, cosg; cose, —COsn, Cosn, Sing,) +(1/2)p SVpZI[—CMa cosd, Singd, (39)
+ Cuygp (PI V) sind, + (1 /Vp)(Cuaq) (1 COSY, COSO; + 6, Sinyy)]
[y (8/0t)(~¢, SNy, COSO; + 6, €0SY;) + (Iyy — 15 )(01 SIN6, +7,)($, COSY, COSH, + 6, siny,)]
=1, PA(-cosn, cosn, Sing; COSg, +SiNm, COSN, COSg; COSE,) +(1/2)p SVpZI [-Cy, SING,
+ Cyop(PI/V,)c088, SINS, + (1 /Vp ) (Cy) (—by SNy, COSO, + 6, COSY, )] (40)
The velocity in inertial frame is
x=V cos6, cos ¢, (41)
y=Vsino,cos ¢, (42)
z=-Vsin¢, (43)

3.3 Equations of Motion for Sabot Components

The sabot components move relative to the
projectile body. Here, the influence factor involves
shock wave action along with the propellant gas
force. The motion equations of each sabot component

684

will be established in the projectile-fixed coordinate
system.

The force equations of the sabot are resolved
in projectile-fixed coordinate system. Different forces
are:
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E. ={PAcosn, cosn, + (1/ 2)pS,u’C, - pl(%M ’ —“;—IS n(Ds/2)Ls— mgsinoi,

+H ~PA(sinm, cosn, cosy; +sinn, siny; ) + (1/ 2)pSu® (I / u)Cyes (6; COSY; + ¢, COSO, Siny; ) — Mg cosy,; cosOy} jy
H PA(-sinn, cosn, siny; +sinn, cosy;) + (1/ 2)pSu? (I /u)Cyys (6, Siny; -, cOSO, cosy, ) + mgsiny, coso,} Ky

(44)
The dynamic vector equations of the centre motion of all sabot components are obtained
m(ar+ae+ak)zzﬁs:'E:Ls+|EZS+IE35+IE4$+IESs (45)
Total acceleration of the it" sabot is similar to the phase 112

The relative scaler equations of the sabot are:

PAcosn, cosn, +(1/2)pSu?C .- p

1

2y .o v-1 .
——Mé-——=|n(Ds/2)Ls—m.gsind
(y+1 y+l)n( ) \9 1

. . . 20,
=-L [0 sin0y +(6,)*cos, ] +V, coss, cosd, —a—tl(LCsme3i +IE)

+ (7,6, cosO, +¢,2 coso, sin,)(L_sin0, + IE) (46)

—¢,200s?60, (L cosb, —L ) —6%(L cosb, —L )

—PA(sinn, cosn, cosy, +sinm, siny;) + (1/ 2)pSu? I,/ u)Cyg (6, COSY; + ¢, COSO, Siny;) — Mg cosy, coso,
=L [0 cosb - (05)?sin64]+V, (sind, cosy, +cosd, sind, siny,) +%(LC cosby — L) —6,%(L.sind, +IE)
(47)

(1, + ¢15m91)2(|-c5‘n93i +E)+ (Y1 + ¢, SN0, )¢, cosO, (L, cosby — L)

PA(-sinm, cosn, siny; +sinn, cosy;) + (1/ 2)pS,u® (I, /u)Cyye (0, Siny; — ¢, cosb; cosy;) + mgsiny, coso,
(1, + 6, Sin6,) 0(¢, cosh,)

ot ot
0,071+, SN0, 0805 — L)+ 0,0050, (L S +2)

. . . . I
=V, (sind, siny; —cosd, sind, cosy; ) + (L,sin6y +E) + (L, cosb, —L,,) (48)

3.4 Moment Equations of Sabot

Above forces generate moments due to which sabots move relative to projectile. The relative moment
equations of sabot component relative to projectile are:

Ixxsa(Yl+¢1S'n91)+¢1cosel(|zzs( 0,+05 )—0;lws)

= L. PAsin6, (—sinn, cosn, siny; + sinn, cosy; )+ Ms{ [V, (sin§, cosy; + cosd, Sind, siny;)
+6,L(6,+0, )L, cos0,][V.(sind, siny, —cosd,SiNd, cosy;)
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+'E(yl +¢,5in0,) + ¢, cos, L, ]- MV, (sind,siny, —cosd, sing, COSyi)+IE(~'/1 +¢,Sn0,)

+¢,0080,L,, +(, +$,Sn0,) L. sinB, — ¢, cose, L, cosb, ][V, (sind, cosy, +cosd, sind,siny;) +6,L,] (49)

sta((l)lcosel)+(Y1+¢1S'n91)[91Ixxs_ | 775(0,+ 63 )]

=—L.PACos6, (—sinn, cosn, siny; +sinn, cosy;)+(L2)p S, VA {C

Mpas(SING; COSY; —COS3, SiNd, siny; )]

+MgV, (sind, siny, —cosd, sind, COSVi)+|§(yl+d>1sin61)+d>lcosele+(~'/1+d>1sinel) L.sino,

— ¢, cosh, L coshy ][V, coss, coss, —Izél] —M4V, cos3, cosd, —Izél —(6,+65 )L, sin6,]

(50)

[V,(sind,siny, —cosd, sind, cosy;) +IE(§(1 +¢,Sin6,) + ¢, cose, L]

|ZZS§( 91 + egi )+ |sz¢1 COSel('Yl + (1)1 S|n91 - (I)l COS@l)

=L PAcosH; (sinn, cosn, cosy; +sinm, siny; )+ Lo PAsin6, cosn, cosn,] + (1/2)p SSVZIS[C

Mms(sin81sinyi

+ €088, SiNd, oSy, ) + (15 /V)CyyeeOy 1 + MS[V, cosd, cosd, —Izél —(6,+65 )L Sn6,]

[V, (sind, cosy; +cosd, sind, siny,) +6,L,.] — M9V, (sind, cosy, +cosd, Sind, siny;)

+0,L,.(6,+65 )L, cosbs ][V, cosd, cosd, —%61]

3.5 Simulation Results

Initial values of the variablest, V, x, y, z, @,
®, 6,0, v, 0, and 6,dot of this phase are the
end results of phase 112 Interval for phase Il is
taken to be 0.002 to 0.003 s.

The motion has been simulated for the following
data with fixed step size h=0.0001. This is given
in Table 1.

The maximum stretch of the spring is assumed
to be 5.089E-05 mm. This gives the maximum
cross sectional area (Table 2) beyond which the
effect of sabot over the projectile is nullified.

In thistime interval of 0.001 s, it is observed
that the projectile travels a distance of 1.447 m
(Fig. 5), velocity decreases by approximate 2.1 m/s(Fig.
6). Angle of attack 0, decreases but 6, remains
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(51

constant. Angles of side slip ®, and @, increases.
Angle 0, between sabot and projectile starts increasing
and it increases by 1.3985° (Fig.7).

. The velocity of the projectile and hence the
Mach number decreases for the projectile
due to air resistance.

d Due to the air flow between the sabot and
the projectile, it is observed that the pressure
at the tip of sabot increases from 46.112
MPato 987.2429 MPaand then starts decreasing.
Area of cross section increases (Fig. 8). The
area increases till the maximum stretch of
the spring due to the sabot gets totally separated
from the projectile.

d The pressure beyond the tip of sabot decreases.
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3.6 Data
P =46.112 MPa I = 3.66 kg/m® ?=1.225 kg/m® ly, = 549.06 kg/m®
1 =0.486m m=6.4kg p =145 rpm C.=125
Cy=7.02 Crpa=0 Cnga=0 Cp=0
Ciqt = -570.6 Cng=0 Vp = 1445.8 m/s Cyu=25
F, = 0.0346285° ?, = 0.0659733 F,=1.1992171° F ,dot = 0.03066°
9,=15° ?,dot =—0.3942° 23 = 1.480331° ?;dot = 1.5803565°
y1=0.5° X = 2.8957 y = 0.004322 z=-0.0007694
?1=72=el=e2=71=0 t = 0001s Ds=0.066 m
?2s=71.2m Lc=03m Ls=04m Lm=0.346 m
m=2.8 lys= 0.4 kg/m® lyys= 50.4 Kg/m®= 1 5 Crrps=-2.6
Cings= -58 k=1.25 px = 1.67 g/lem® U=14458
X=347.3 d=0.104m ?=1.25 a=340m/s
Table 1. Trajectory of the projectile in phase |1
t \Y X z
0.002 1445.8 2.8957 0.004323 —0.0007705
0.0021 1445.6 3.0403 0.0044868 —0.00085998
0.0022 1445.4 3.1848 0.0046449 ~0.00095401
0.0023 1445.2 3.3293 0.0047974 -0.0010526
0.0024 1445 3.4738 0.0049473 -0.00115557
0.0025 14447 3.6183 0.0050856 ~0.0012633
0.0026 14445 3.7628 0.0052212 -0.0013755
0.0027 1444.3 3.9072 0.0053512 -0.0014922
0.0028 1444.1 4.0517 0.0054755 -0.0016134
0.0029 1443.9 4.1961 0.0055942 -0.0017392
0.0030 1443.7 4.3404 0.0057072 -0.0018694
?,deg ? 1deg ?,deg ?,deg ?,dot deg ?;deg
0.034557 0.065996 1.1917 1.5004 0.50055 1.5798 1.4797
0.036363 0.063785 1.1908 1.5003 0.50058 1.7188 1.6187
0.038166 0.061568 1.1899 1.5003 0.50061 1.858 1.7579
0.039968 0.059345 1.189 1.5002 0.50065 1.9974 1.8973
0.041768 0.057123 1.1882 1.5002 0.50068 2137 2.0369
0.043566 0.054897 1.1873 1.5002 0.5007 2.2767 2.1766
0.045363 0.052669 1.1863 1.5001 0.50073 2.4166 2.3166
0.047159 0.050437 1.1855 1.5001 0.50077 2.5568 2.4567
0.048952 0.048202 1.1846 1.5001 0.5008 2.6971 2.597
0.050744 0.045964 1.1836 1.5000 0.50082 2.8376 2.7375
0.052535 0.043724 1.1828 1.5000 0.50085 2.9783 2.8782

4. STABILITY OF MOTION

changed values of K, (i=1,2,3,4,5,6) modified the

stability parameter®.
The modified stability parameter has been iy p

discussed due to shockwave exerted on the projectile
body. The equationsfor stability in projectile-fixed
frame are the same as those in phase I12. The

(2K, /Ky) ~ K,

/Klz + K22 (52)
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S=1+
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Table 2. Shockwave pressure and area of cross-section at the tip of the sabot

t \Y M M f (M) A P,
0.0020 1445.8 4.258529 0.38067373 8.07343E-06 5.038E-05 987.24285
0.0021 1445.6 4.257941 0.38069012 8.08114E-06 5.043E-05 986.9701
0.0022 14454 4.257353 0.380706517 8.08885E-06 5.047E-05 986.69739
0.0023 1445.2 4.256765 0.380722919 8.09658E-06 5.052E-05 986.42471
0.0024 1445.0 4.255882 0.380747535 8.10818E-06 5.059E-05 986.01577
0.0025 1444.7 4.255294 0.380763953 8.11592E-06 5.064E-05 985.74319
0.0026 14445 4.254706 0.380780377 8.12367E-06 5.069E-05 985.47065
0.0027 1444.3 4.254118 0.380796807 8.13143E-06 5.074E-05 985.19815
0.0028 1444.1 4.253529 0.380813244 8.1392E-06 5.079E-05 984.92568
0.0029 1443.9 4.252941 0.380829686 8.14697E-06 5.084E-05 984.65325
0.0030 1443.7 4.252353 0.380841346 8.15475E-06 5.089E-05 984.38086

0.006 M
0.005 /
. 0004
1S
> 0.003
0.002
0.001
0 T T T
2 3 4 5
DISTANCE, x (m)
Figure 5. Trajectory in the phase I11.
1446.0
14455 \
g .,
= 1445.0
>
=
8 \
< 1444.5
|
2 N
1444.0 \
14435 T T T T T T
0 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035

TIME (0.002-0.003 s)
Figure 6. Reduction in the velocity in phase I11.

Three particular cases are discussed:

(i) If al thethree sabots are opening simultaneously
in the phase |11, it has been observed that the
modified stability parameter iss=1.841251246.
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(if) One sabot is opening with atime lag. The time
delay considered in this particular caseis such
that it starts opening at the instant when the
mechanical action of the other two sabots is
completed. In this case, the stability parameter
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Figure 8. Increase in the area between the sabot and the projectile.

gets modified from S = 1.841251246 to
S = 1.994028368.

(iii) One sabot completes its second phase and;

the other two sabots start the opening process.
In this case, the stability parameter becomes
S=2.197507407 which makes projectile unstable.

5. CONCLUSIONS

For aFSAPDS projectile, amathematical model
has been developed in third phase where the
shockwave force acts on the projectile due to
sabot separation. The trgjectory has been simulated.
It is observed that shockwave force in the
simulation does not affect the trajectory of the
projectile till the sabots are totally separated
from the projectile.

The modified stability parameter increases due
to separation of the sabots but the projectile
still remains in phase 111.

The stability of the projectile gets affected
due to separation of the sabotswith time delay.
The projectile may become unstable if the
time delay is significant.
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