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Abstract. This paper deals with the dynamics characteristic of terminal-sensitive submunitions in missile.
Firstly, the principle and working process of terminal-sensitive submunitions in missile are simply introduced,
and the ballistic trajectory of the terminal-sensitive submunition is divided into two stages: freely falling
stage, the deceleration and dispinning stage with decelerating parachute. Then, the forces and moments of the
deceleration and dispinning stage is analyzed, on that basis, the particle-rigid body dynamics model is
established. The model can provide the overall design and the stable scanning equipment design of the
terminal-sensitive submunition with some helpful references, and can be used to the exterior ballistic of
terminal-sensitive submunitions.
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1. Introduction

The terminal-sensitive submunition is a kind of sensing instrument initiation cluster bomb P! It is a new
type of smart ammunition that applied advanced sensing instrument technology and EFP warhead technology
to the cluster bombs .

When the guided missile flies to the scheduled region, the time fuze functions, and terminal-sensitive
submunitions are projected from the cabin of the missile, then the battery activation device functions, the
decelerating parachute is opened and charged. After certain time, when the speed of the submunition is
decelerated the certain scope and the height is reduced the scheduled place, the decelerating parachute is
discarded. At the same time, the rotational parachute is unfurled and begins to work under the aerodynamic

influence. Finally, the projectile revolves and descends while it remains certain speed V and certain
revolution speed @ . In the course of the steady decent, the sensing instrument scans and searches the targets
within certain range. While armor vehicle is detected, the EFP warhead is detonated, the high speed EFP
shots into the target and injures the target finally.

Because the terminal-sensitive submunition needs a steady working platform, the parachute-submunition
system is needed to be decelerated before the rotational parachute is unfurled. The trajectory of the terminal-
sensitive submunition is divided into two stages: from opening the cabin to the first time compartment
projection is the freely falling stage, and from that to the second time compartment projection is the
deceleration and dispinning stage.

When the cabin of the missile is opened and the terminal-sensitive submunitions are projected, the
terminal-sensitive submunition freely falls period of time, the decelerating parachute is not opened in that
stage. The motion of that period is called the free fall stage. When the terminal-sensitive submunition freely
falls the scheduled height, the speed and the rotate speed is still much higher than the required parameters of
the stable scanning. For providing the initial condition of the next stable scanning stage, the terminal-
sensitive submunition needs to project the decelerating parachute’s compartment and the decelerating
parachute is opened at the same time. This is the first time compartment projection. Before the second time
compartment projection, the speed of the submunition is decelerated the allowable range and the rotate speed
is also decelerated the degree that the parachute cords of the rotational parachute are not winded. The motion
of that period is called the deceleration and dispinning stage.
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Researches in the dynamics of parachute-submunition system, such as the particle dynamics model, the
single rigid body dynamics model and the multi-rigid body dynamics model [2], [3], [4], [7].have been
founded, and simulation based on MATLAB/Simulink has been introduced [1]. For farther study, the
submunition body is approximatively regarded as a rigid body and the decelerating parachute is
approximatively regarded as a particle in this paper because the motion of the terminal-sensitive submunition
body needs to weightily study in the deceleration and dispinning stage, On that basis, the particle-rigid body
dynamics model is founded.

2. Basic Hypothesis
(1) The acceleration of gravity g is constant, and the curvature influence of the earth is ignored.

(2) The drag index of the parachute and the mass of parachute (including the additional mass) are all
constants, the distance between the joint point and the center of mass is changeless, and the moment of
inertia of the parachute is ignored.

(3) The canopy of the parachute is an axially symmetric body, the joint line between the parachute and
the body is superposition to the axis of symmetry.

(4) The mass of the parachute cords is divided into two pieces and is fell under the body and the
parachute, the distortion and torsional force are ignored.

(5) The tensile force and the rolling moment are at the same line with the direction of the body speed but
the opposite direction.

3. Coordinate Systems
Firstly, the ground inertial coordinate system 0y~ X7Z is founded. The origin ¢, is the ground projection point

of the submunition’s dispensing point, the axisoy is horizontal and follows the direction of the speed, the
axis 0y follows the plumb line, and the axis,, is determined by the right hand rule.

Then, the parallel motion coordinate system O— XYZ , the body axis coordinate systemO— X ,¥,Z,, the
speed coordinate system O — X,Y,Z, and the relative speed coordinate systemO— X,Y.Z can be founded in
turn. The origin O is the mass center of the submunition, the axis OX, is superposition to the body axis and
follows the direction of the speed, the axis OY, plumbs the axis OX,, and the axis OZ, is determined by the
right hand rule. The axis OX, is superposition to the direction of speed, the axis OY, plumbs the axis OX,,
and the axis OZ, is determined by the right hand rule. The axis OX, is superposition to the direction of
relative speed v, , the axis OY, plumbs the axis OX , and the axis OZ, is determined by the right hand rule. If
the wind speed v, is not considered, the relative speed coordinate systemO — XY, Z can be regarded as the
speed coordinate system O — X,Y,Z, .

Figure 1 Coordinate systems of parachute-submunition system

4. Forces and moments
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Before modeling, the body and the correlative parachute cords are regarded as the whole body; the parachute
and the residual correlative parachute cords are regarded as the whole parachute.

Actually, there are only pull force and minim elongation when the parachute cords draws straight. For
making the dynamics model be close to the fact, the parachute cords are treated with a pull force spring.
Finally the parachute cords force is regarded as the single degree-of-freedom simple harmonic wave.

T=K,Al +cAl,
K, is the spring rigidity, ¢ is the damping coefficient of the spring, A/, is the elongation of the
parachute cords.

The forces of parachute-submunition system can be denoted with the following picture:
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Figure 2 Forces and moments of parachute-submunition system

4.1. Forces and moments of the Parachute
The forces and moments of the decelerating parachute includes the acrodynamic resistance R,

px 9

the parachute

cords pull force. and the rolling moment M b

The aerodynamic resistance R o 18 the part of aerodynamic force that follows the direction of relative

speed; its direction is opposite to the relative speed.
1
Rpx :E,OV[, CpxSp

The parachute cords pull force " is along the decelerating parachute axis, its projection in the parallel
motion coordinate system is:

T’C X
T= T, |=K —Z v, |+e r” V
TZ

2 2 2 . . .
r,= \/x , ty, +z,7 ,Al is the elongation of the parachute cords, (x 03V psZ p)ls the mass center

coordinate of the decelerating parachute.
The rolling moment M , is the moment that made the parachute rotating, and its direction is along the

parachute axis.

L
Mp :Epvp Splpmxw

4.2. Forces and moments of the Body
The forces of the body are projected onto the parallel motion coordinate system, and the moments of the
body are projected onto the body axis coordinate system.

The aerodynamic resistance be is the part of aerodynamic force that follows the direction of the body’s
mass center speed; its direction is opposite to the direction of the body’s mass center speed.
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The aerodynamic Eby plumbs the relative speed in the relative attack angle plane, its direction is the
attack angle direction.
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Besides, the forces of the body also includes gravity@ , the parachute cords pull force T , the static

moment M . » the polar damping moment M .. » the equatorial damping moment M i
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In addition, the rolling moment of parachute M , can impact the body’s motion.

P

_1 -
M, = EpvpzSplpmxw x[L,|xT

I, is the unit vector in the direction of the parachute axis.

(xp—x,,p)
jpz(?p—?,,p%: ((p—y,,p)/lli , L= \/ =X, +(y ybp)2+(zp—sz)2

5. Dynamics Models

5.1. Motion Equations of the Parachute
According to the momentum theorem:

v — — _
,——=G+R, +T
dt "

The motion equations of the parachute can be founded as follows:.

m

ﬂﬂ=LG1 CSv+Tj
dt mp 2 pv[l px
LVW —L(m 1 c,S,v, +T, j
dt mp pg 2 pvp Py
dv,, 1 1
e~y C,S, v, +T
dt mp ( 2 pvp P~ pYpz zj
According to the kinematics equation:
a7
The following equations can be founded as follows:
dx, _
a "
dy,
dt T
dz, _
"

5.2. Motion Equations of the Body
According to the momentum theorem
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dv
Z-NF
m dt Z t
The motion equations of the body can be founded as follows:

dv 1.1 1 2 ’
—~ =——[=p,S,C v. =W )+—pv,°S,CJ
dt m[zp"r d xd(x x) zp"r a~yCr
(sin@, cos A +siny, cos@, sinA)—T.]
dv, 1_1 |

L= —[-—pv.S,C v +—pv S C0

dt m[zprdxd; zprd,r
(cosBrcosA+sinwrsinarsinA)+ﬂ,]+g
dv 11

= =—[-—pv.S,C -W.)+

dt m[ zpvr d xd(vz z)
1 , .
EpvrzSde‘,é'r cosy, sinA+T,]
dx
oy,
e
b,
dr 7
dz
“_y
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According to the absolute momentum moment theorem of the relative mass center:
A _dH | i = >M

dt dt

The rotate equations can be founded:

dy .
E =7
g _
dt
a9, _
a7’
. 2
%17 =—k_jv — ‘% k_v, @ sing, + %l”m““’[(x,, ~x,, Jeos g, cos p,
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1
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6. Simulation results
Given the initial conditions: v, =883m/s, h, =2000m ,6, = —48°

After the simulation of the freely falling stage, the motion of the deceleration and dispinning stage can be
computed. On the base of the Figure 3 and the Table 1, we can see, the speed of the terminal-sensitive
submunition has been decelerated from 883m/s to 63.66m/s in 7.5 second flight, and the height of the
terminal-sensitive submunition has been descended from 2000m to 494.214m in 7.5 second flight. The
results can be provided to the stable scanning equipment design of the terminal-sensitive submunition.
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Figure 3 The curve of speed v in the freely falling stage and the deceleration and dispinning stage

Table 1 Part of ballistics results in the deceleration and dispinning stage

t[s] v[m/s] y [m]

7 71. 059 506. 46
7.1 69. 453 503. 73
7.2 67.913 501. 143
7.3 66. 436 498. 697
7.4 65.019 496. 388
7.5 63. 66 494, 214

7. Conclusion

This paper roundly analyzes the forces and moments of the terminal-sensitive submunition in the
deceleration and dispinning stage. On that basis, the particle-rigid body dynamics model is established. The
model can be used to compute and simulation. It can provide the overall design and the stable scanning
equipment design of the terminal-sensitive submunition with some helpful references, and can be used to the
exterior ballistic of terminal-sensitive submunition.
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