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Abstract— To achieve an accurate rocket launch, it is
necessary to assess how the perturbations appearimghen the
rocket leaves the rocket launcher system, influencthe rocket
flight trajectory and shooting accuracy as well. Tlerefore, we
will analyze the influence of the rocket launcher ystem
oscillations, during the shooting, on the rocket meement. We
are taking into account other perturbation factors that can
appear during the shooting and the rocket flight instandard
atmosphere.

Index Terms— launching device, oscillation, disturbance,
mathematical model.

I. INTRODUCTION

We consider a unguided rocket launching device ithat
viewed as a set of rigid bodies bound togethergusiastic
elements, having three main components [1]: theicleeh
chassis (upon which is laid the launching deviteisis with
the revolving support of the mechanisms), thentil{platform
(with the containers for the rockets) and the réekiecluding
the launching rocket).

In order to highlight the importance of accuraginfj it is
necessary to evaluate precisely how the launchsatjations,
seen as disturbance factors, influence the rotilgét on the
trajectory and implicitly on the firing precisioBonsequently,
we will analyze the influence of the launching aevi
oscillations during firing on the rocket movemestking in
account the other disturbance factors that achddniing and
also during the rocket flight in a standard atmesph
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Thereare used 6 state variables to study the movement of
the launching device: the chassis vertical traitsiaf zg ",

the chassis pitch motiony, ", the chassis rolling motion

. ¥y, the tilting platform gyration motion ¢, ", the tilting
platform pitching motion #,,” and the rocket translation in

the container’s guiding tubes,’. The knowing of these state
variables of the launching device is necessargaloutate the
initial conditions of the rocket flight on the teajtory [2].

In order to compute the rocket evolution on thgetrtory
we use a differential equations system that dessritne
general rocket motion on the trajectory [3], havitige
following main unknown variabled/ - velocity of the rocket
center of massg, i, - angles which defines the rocket

velocity direction in vertical and horizontal plane
g,y - the components of the rocket angular velocity,

ay.,ay.y - the angles which defines the position of the

rocket in relation with the system bound up witke tiocket
velocity, XpYp: Zp - the coordinates for the rocket center of

mass.

The mathematical model of the general rocket mdiide
into account the gas kinetic eccentricities, chiarstic for
the propulsion system, and the aerodynamic eccdigsi
The same, the mathematical model uses all the Sonoel
moments which act on the rocket [4]. The initiahdiions
for the rocket flight are influenced by the laumzhidevice
oscillations during the shooting [5]. The differ@htequation
that defines the rocket motion, being so compleest’t
allow obtaining an analytical solution therefore need to
use a numerical solving method. The numerical nathsed
must not introduce the considerable errors whedetermine
the trajectory elements.

The state coLrgittISI) - Thgrocket
variables for the trajectory
for th? rocket Equations parameters
eI pm) motion E=) of the ) St
Zs,Yxr Yy X0:Y0:Z0: Vo rOC!(et CHRUN
oy, 8.0, Wio motion Ay dy,y
e AposAyvos Yo g » Gy » 0
W0, W+ Weg

Fig. 1 The block diagram for the equations of the rocket
general motion integration
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In order to calculate the rocket trajectory parerseand to

evaluate the trajectory deviations we use a nurleric

application, named ILANPRN [3] and developed byhaus.
This application is able to calculate automatic#tly rocket
flight initial conditions, using the launching deei
oscillations during launching (see figure 1). Asllwege can
input the initial conditions to calculate some éxpries.

Initial conditions for the rocket movement on thegectory
are represented by the rocket center of massesdinates in
the time of launcher quittingxpo » ¥po » Zpo s the rocket

INITIAL CONDITIONS FOR THE ROCKET FLIGHT

velocity, Vp, and the initial angle®, g, ¢\, Ovg, OHo»
Yo, and the initial angular velocitytsq , &0, Gz
Vo =V, +Ver +VE
6o U(dy)o
W0 0(92)0
Wgo = ~AHo ~¥10C0SBLo +avo)
@ho = dyoCOSA o +6 0COSAo +
+0Sin@Lo +avo)sinay
W7o = Yo +ayosinayo +6 gsinapg -

~Y1osin@Lo +ayo)CoSqo
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whereV; =l,058v0, Vo =lsog Fyos

V. - lateral velocity, given by the relation = ljor®20-

Fig. 3 Calculus schema of the angle a

The general rocket movement equations are sohvied as
calculus module integrated in the numerical appbca
ILANPRN.

In order to study the rocket trajectory deviations, take
into account the launching device oscillations miginfocket
launching. It is necessary to define and to cateula
reference trajectory. This trajectory is named ¢has
trajectory” and represents a theoretical trajectobyained by
simulation of a rocket launching from a centralipos of the
container and without any disturbances.

So, to obtain the initial conditions for the basgectory
we consider that the system chassis — tilting pleafdon’t
have oscillation motion, being in a static equiliipn. In this

THE ,,BASE TRAJECTORY

(52)0 , a‘fO’a‘/]O’a‘ZO are determined on the basis of th@ase, we W|” haVe the fO||OWIng |n|t|a| COﬂdItIOﬂS

rocket parameters during the movement on the langch
device. The schemas for calculus of the anglgs and a g

are presented in the figures 2 and 3.

Fig. 2 Calculus schema of the angle ay,q

For the calculus relations of the anglsg, and aq are
used the following notations:
\7\, - launching device vibration velocity

ISBN:978-988-18210-1-0

Xpo =3.373m, Ypo =1.989m, Zpo = -0.111m,V, =56.78
m/S,GLO =0° ,l//LO =0° » Ayo =0° yaHo =0°, Yo =173.2,
wgg =0 radls, ;o =0 radls, a;o=5946 rad/s, and

6o =20° - imposed parameter.
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Fig. 4 The base trajectory

Starting from these initial conditions and usinge th
ILANPRN application, were calculated the elemeritshe
base trajectory (figure 4). In table 1 are presttibe values
for the main parameters of the point of impact aberéng the
base trajectory and comparing with the values givethe
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shooting table for the same angle of shooting.
Tablel Trajectory final parameters

Range Impact | Angle at| Time of| Maximum
9 velocity | impact | flight height
[m] | [m/s] |[degree] [s] [m]
Base |13g00| 314.43| 28.41| 3461 1403
trajectory
Trajectory
shooting | 13800 312 28 34 1360
table
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From table 1 we can see that the values for oldaineFig. 5 Theinfluence of velocity variation on x, coordinate

parameters by numerical simulation are much clegtdthe
values from the shooting table, fact that validdbtesapplied
numerical methods.

Considering the fact that the deviations betweea t&_

calculated trajectory values and those from th@thg table
are small, we can have the assurance that thectoajés
elements calculated starting from the initial cdiodis with
small disturbances, will be the same with the tealnes.

IV. THE INFLUENCE OF ROCKET VELOCITY VARIANCE ON THE
TRAJECTORY

For an increment with 6 m/s we obtain a battleataon of
224 m (see table 2), which is the range of vanafar the
initial velocity, without taking into account theebocity
dispersion caused by the traction force deviatifsom a
rocket to anotheryy 0 [54.0, 60.9 m/s.

The initial conditions to integrate the rocket gead motion
equations arexy=3.37m, yp=1.98m, z,,=-0.11m, 6,,=0°,
WLOZOO, (X\/o:Oo, GHOZOO, y0:173.2°,Qo:O rad/s,o.}]OZO rad/s,
w0=59.46 rad/s, and for the initial velocity is catesied
values from the interval presented before.

For the trajectory deflection is obtained a vaoiatof
38.4 m, and for the time of flying a variation 046 s.
Therefore, the initial velocity variance, accorditg the

launching device oscillations, goes to a semnifieat

modification for the battle and the maximum trapegt
deflection, the other parameters having a smaiatian.

Table 2 Rocket initial velocity influence on thegatt point

Vo X Y te Ve (6L)c
[m/s] [m] [m] [s] [m/s] | [degree]
54 13695| 1385.4 34.39 31441 -48.23
55 13734| 1392.2 34.4F7 31442 -48.29
56 13771| 1398.8 34.56 31443 -48.36
56.7 | 13800 | 1403.9 | 34.61 | 314.44 | -48.41
57 13808 | 1405.3 34.68 314.44 -48.42
58 13845| 1411.8 34.70 314.45 -48.49
59 13881| 1418.2 34.78 314.46 -48.95
60 13919 1424.8 34.86 314.48 -48.41

Taking into account the initial velocity variatiomvas
determined the variation in time for the rocketteef mass

X, (figure 5), dy, (figure 6), and for the rocket velocity
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Fig. 6 The influence of velocity variation on y, coordinate
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We are observed that in the same time with theafisbe
initial, dx, and dy, become bigger. As welldv have a

descending evolution to value 0, having a slopeomai the
final trajectory portion, which is the same witte thituation
when the rocket velocity becomes too big becauséhef
gravity acceleration.

V. THE INFLUENCE OF VERTICAL ANGLE VARIATION ON THE
TRAJECTORY ELEMENTS

To study the influence of thg, o angle variation (angle

which defines the initial orientation of the rocketvertical
plane) on the trajectory elements, it is consideremriation
interval of [-0.3 O] degree.

The initial conditions to integrate the rocket gehenotion
equations  are: xp=3.37M, Yp=1.98m, z,=-0.11m,
V0:56,78m/8w|_0=0°,O(VO=O°,O(Ho=0°,y0:173.2°,0.§020 I‘ad/S,
uho=0 rad/swy,=59.46 rad/s, and fd, is considered values
from the interval presented before.

Table 3 Influence of angl, variation on the falling point

6L X Y |t Ve | (8
[degree]| [m] [m] [s] [m/s] | [grade]
-0.30 13684| 1362 34.13 315.18 -47.87
-0.25 13703| 1369 34.21 315.05 -47.96
-0.20 13723| 1376 34.20 314.93 -48.05
-0.15 13742| 1383 34.3f 3148 -48.14
-0.10 13761| 1390 34.45 314.68 -48.23
-0.05 13781| 1396 34.58 314.56 -48.32
0 13800 | 1403 | 34.61 | 314.44 | -48.41

In virtue of the data presented in table 3, casden that

variation,dv , in relation to the determined parameters fO(Or a variation off, o angle with 0.3 degree we obtain a

the base trajectory.

ISBN:978-988-18210-1-0

semnificative variation of battle, approximately6lin. As
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well, the trajectory deflection is modified with Z1m, the
remained velocity with 0.72 m/s, the falling angligh 0.538
degree, and the flight time with 0.485 s.

20
18
16

-0.30 jdegree

variation of 0.1 degree fony,, angle is obtained a
semnificative variation the side deviation levelf o
approximate 24 m, the rest of parameters beingtantss In
conclusion the variation of the initial o has an influence on
the side dispersion of the rocket trajectory.

Table 4 Influence of o angle variation on the impact point

P 025 ;legrce

= E 2020 degree Yio | (6L)c X | Z | Y t; Ve

10 s 15 egree [degree] [m] [s] | [m/s]

c 8 510 degres -0.10 | -48.4| 13800 -24.1 1403|9 341 3144
i — . Erl -0.08 | -48.4| 13800 -19.3 1403|9 3461 3144
f/é e e A8 | 0.06 | -48.4| 13800 -14.5 14039 34.61 314.4
‘o 5 10 15 20 25 30 35 -0.04 | -48.4| 13800 -9.7 1403]9 34.61 3144

time [s] -0.02 | -48.4| 13800 -4.9 1403]9 34.61 314.4

Fig. 7 Theinfluence of initial & ¢angle variation on x, 0 -48.4 | 13800 | -0.1 | 1403.9 | 3461 | 3144
coordinate 0.02 | -48.4| 13800 4.7 1403]9 34.p1 3144
s 0 desree 0.04 | -48.4| 13800 9.5| 14039 34.p1 3144
_w§§\\ 005 d'e;ee 0.06 | -48.4| 13800 14.3 1403]9 3461 3144
20 et I oo S = P 0.08 | -48.4| 13800 19.1 1403]9 3461 3144

—30 B o e 0.10 | -48.4] 13800 23.9 1403|9 3451 3144

%»_1(‘ T~ -0.15 élcgtec

50 020 degree In figure 9 is presented the evolution in timedoordinate

-60 2025 :degee z,, ofthe center of mass and we can observe thagbwing
:‘ -030degree  tg the value of 24 m.
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20

time [s]

Fig. 8 Theinfluence of initial §¢angle variation onyj,
coordinate

25 30

In figures 7 and 8 we have presented the evolufiotime
for the rocket center of mass coordinakgs and dy, . We

consider that on the trajectory final portion tmepdification
of variation &, is smaller than the one for the variatidyy, .

VI. THE INFLUENCE OF HORIZONTAL ANGLE VARIATION ON

THE TRAJECTORY ELEMENTS

Studying the influence on the trajectory elemerits,
variation of g/ o anglewhich defines the rocket orientation
in horizontal plane, is made considering a variatiderval of
[-0.1 0.1] degrees.

The initial conditions to integrate the rocket gehenotion
equations  are: Xx=3.37m, Yy=1.98m, z,=-0.11m,
V0=56,78m/8,9|_0 =0°, (X\/o:Oo, GHOZOO, y0:173.2°, (.Qo:O
rad/s,u0=0 rad/swy,=59.46 rad/s, and foy,, is considered
values from the interval presented before.

25
—_7; £ 0.10 degree
2 P 0.08 degree
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[— QOG degree
10 P s—— 0.04 degree
= 5 d froveeee - wend 0,02 dlegree
E SRR WS vi—
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7 —— !
> 15 = -0.02 degree
10 L —————— 1004 degree
i i —-0.06 degree
- -0.08 degree
20 =
;. -0.10 degree
225

5 10 15

time [s]

30

VII.

Here were studied the trajectories deviations obthi
under the influence of the launching device osiiltes for the
single firing case, considering the shooting froifiedent
positions from the rocket container.

There were simulated 40 trajectories, considetiediting
from each existing position. The initial positiosed were
obtained based on the equations described aboyeigiby
the rocket movement elements at the end of time. ifitial
conditions are described in the table 5.

TRAJECTORIES DEVIATION FOR THE SINGLE FIRING

Table 5 Initial conditions

Minimum | Maximum Mean
Xgo [M] 3.3282 3.4775 3.403
Yoo [M] 1.7086 2.1185 1.9136
Zpo [M] -0.6910 0.69089 0.000101]
Vo [m/s] 54.591 59.957 57.364
0, o[degree] | -0.2252 | -0.09864 -0.1608
Y, ol degree] | -0.0016 0.019567 0.008947
Oy [degree] | -1.119 1.1598 0.044708
ayo [degree] | -2.1298 2.696 0.45668
Yo [ degree] 173.29 173.61 1734
Uy [rad/s] 59.468 59.581 59.508
®ho [rad/s] -0.00629 | 0.011181 0.001460%
Wgq [rad/s] -0.00992 | 0.009712 -0.000691%3

The results of the simulations gave us some infaoma
concerning the deviation of the impact points &f tbcket.

All the points were found in a rectangle (figure baving
the horizontal dimension 173 m and the vertical etigion

Fig. 9 The influence of initial v, angle variation on the z,
coordinate

In table 4 are presented the trajectory paramétette
falling point under the influence @f, angle If we consider a

ISBN:978-988-18210-1-0 WCE 2009
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235 m. Considering the firing from the same cdadi, the
only different being the position of the rocketlie container,
the deviation of the trajectories obtained is biggehe range
direction than in lateral direction.

The figure 10 shows the distribution of the imppaoints.
We can see how the impact points describe a retamghe
single firing case, the coordinates of the impaihts being
influenced only by the position of the rocket i hunching
container, and of course by the oscillations ofdietainer in
the launching time.

1395

1.39|-eeen

1385 f--e-e-

X|[m] 3¢

1375

137

/A SR N SR T WA SN S
60,/ 40 20 0 -20 \-40 ~-60 -80
Z[m]

. 36?00 810

Rocket 15 Basis Trajectory

Fig. 10 Trajectory deviations

All the impact points are represented in relatiathvthe
basis trajectory impact point. This trajectory isa’ real
trajectory and it isn’t corresponding to a realkeicfiring.
The real trajectory which is the most appropriatethe basis
trajectory is the trajectory obtained from the dSifions from
the launching container.

We can see that the oscillations of the launchiegicd
influence the position of the rocket 15 impact p®iwith 62
m in range direction and with 8.29 m in laterakdiion. The
impact point of the basis trajectory is placecim¢entral area
of the deviation surface.

VIIl. CONCLUSION

(1]

(2]

(3]

(5]

(6]
[7]

(8]

In conclusion, to make a good appreciation of the

launching device performances is needed to talkedount
the oscillations of it by the time of shooting.

In this context it is required to know the variatiof the
rocket motion parameters by the time of releasirgguide
way, this variation being determined by the syst&mand
random perturbations which acts on the launchingceeand
rocket by the time of launching. Also, it is ne@ysthat the
launching device parameters are known (the stiffrfes
different subassembly and their parts).

So, to design a launching device which can provige
execution of combat missions in optimal conditiahdgs

necessary, to be designed in some way which tate in
account that the amount of rocket motion parameters

deviation must be minimal when it leaves the laimgh
device.
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