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Moving problem model of rocket on tube type directional part
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of uncontrolled rocket on tube types directional part from fired of
the mechanical lost links completely with launcher tube. This model
is used to calculate for uncontrolled roket 9M22Y when firing on
BM-21 Grad launchers fighting vehicles that our army are
researching, designing, manutacturing and improving. This is the
scientific basis to study the influence of rocket axis oscillation at
this stage to the firing accuracy of uncontrolled rocket.

Tom tit

Bai bao trinh bay mé hinh todn hoc mé ta chuyén dong cua tén lira
khong diéu khién trén bo phan din huéng dang 6ng ké tir khi phat
hoa cho dén khi mat lién két co hoc hoan toan véi dng phéng. Mo
hinh dugc tinh toan cho loai dan phan Iyc khong diéu khién 9M22Y
ban trén dan phong xe chién ddu BM-21 ma quéan doi ta dang nghién
ctru thiét ké, ché tao va cai tién. Pay 1a co s& khoa hoc dé nghién
ctru 4nh huong do dao dong ciia truc tén lira ¢ giai doan nay dén do
chinh xac ban cia tén lira khong diéu khién.
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1. INTRODUTION

For uncontrolled rocket types, the motion process in launcher tube is extremely
important, the motion characteristics of the rocket in this stage directly influence firing accuracy.
Therefore, need to have detailed studies about the motion of the rocket in launcher tube, to serve
the motion problem of bullet im space, directly study to the dispersion of bullet, to evaluate the

firing accuracy of uncontrolled rocket.
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Figure 1. The motion stages of rocket in launcher tube

The motion of uncontrolled rocket on tube types directional part includes 2 stage:

- The link motion stage: This stage is calculated from the rocket begin to move until
forward centering ring leaves the launcher tube (figure 1a). On this stage, the relativetly motion
of rocket with launcher tube includes: Translational motion, rotational motion, the oscillation of
rocket axis in launcher tube are limited by gap between centering rings and the inner surface of
the launcher tube.

- The semi-link motion stage: This stage is calculated from the forward centering ring
leaves mouth launcher tube until aft centering ring leaves the launcher tube. Rocket translational
motion and rotation relative links around point A. In fact, there is a gap between the centering
ring and launcher tube, so the bullet oscillates in the launcher tube and in any period, the bullet
lost link with launcher tube. However, to builds the mathematical model the motion of bullet in
the launcher tube, in semi-link motion stage, we assume that: Between bullet and launcher tube
always has the link at a single point A located on the aft centering ring and in the vertical plane
(figure 1b). The oscilllation of bullet can be considered in two independent plane (firing plane
and horizontal plane). Cause the bullet rotated, quantities on dynamics in the two planes are
interchangeable while the gravity is only affects in the firing plane. Therefore, we only need to
calculate the problem in the firing plane, this results can be applied in the horizontal plane when
without the components of gravity.

2. ESTABLISHING DIFFERENTIAL EQUATION SYSTEM TO DESCRIBE THE
MOTION OF ROCKET IN THE LAUNCHER TUBE

Y
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Figure 2. A diagram of the force effected to the rocket in launcher tube[6]

In order to establish a differential equation system the motion of rocket in the launcher
tube, we use assumptions: 1. Rocket, launcher tube is absolutely stiff; 2. The centroid location
Or and the mass mr not change when the rocket engine work. 3. The motion of rocket in the
launcher tube is uncontrolled, range uncontroled, fixed launcher. 4. Eccentric thrust of the engine
is zero, the bullet is static equilibrium and dynamic equilibrium; 5. The force and torque applied
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to the rocket known. With that assumption, the authors have built a diagram of the forces on the
rocket in the launcher tube in action Oxyz coordinates are as follows (figure 2) [5].

2.1. The forces and moments applied to the rocket when moving in the launcher tube
2.1.1. The gravity Gr

Gr is where the gravitational forces acting on the parts of the rocket and put at the centroid
of rocket. When the rocket moves in the launcher tube, the rocket engine works, the combustion
gases ejected outside, the mass of rocket is reduced and the center position of the rocket also
changed. But these changes are negligible for small-size rockets types so can be ignorred.
Therefore, when calculating the design of launcher tube, consider Gr by constant and the
position of centroid is not change.

2.1.2. The thrust of rocket engine Pr[3]

The change law of force Pr over time ¢ similar the change law of pressure in the
combustion chamber of engine. According [1], the thrust of engine is determined by the
following formula:

Pr=0,88poFunF.(& k) - for winged rocket;
Pr=0,88poFunF.(& k)cosy - for turbo rocket.

In there: 0,88 - the loss coefficient of speed and irregularity of air flow through the nozzle;
Po - the presure of combustion chamber is determined by interior ballistics problem; Fy;, - Critical
area of the nozzle; y - Tilt angle of the nozzle; n - number of nozzle; F,(& k) - Aerodynamic
function depends on enlargement coefficient of nozzle (&) and adiabatic exponent k.

2.1.3. The force and aerodynamic moment [2]

The force and moment that accur due to the resistance of the air. The resistance of the
air is determined: The axial aerodynamic force RT , the normal aerodynamic force R,,
aerodynamic moment M,.

2
- The axial aerodynamic force: R =C._ PV, \A 'S;

: , pV>S, .

- The normal aerodynamic force: g =C = 'n™d;

n n 2

- The aerodynamic moment: M, = R,.b,.

In there: C; - The coefficient of axial aerodynamic force; C, - The coefficient of normal
aerodynamic force (C, =1); p - Density of air; S - Area cross-section of rocket; S; - Area axial-
section of rocket; ¥, - Relative speed between the rocket and the wind; b, - Distance from the
center of the resistance to centroid of rocket.

2.1.4. The friction force

This force accurs due to the friction between directional dowel of the rocket and launcher
tube. It is determined by the formula [1]: 7 = 10, : F = 1,0, -

In there: f}, f>- The friction coefficient between the directional dowel of the rocket and
launcher tube; Q;, O, - Reaction of launcher tube effect to directional dowel.
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2.1.5. The force of brake mechanism Ry

The brake mechanism effects on the rocket a holding force Ry, it hinders the movement of
the rocket on the launcher tube. According to [1]: Rk =mr.J, ( with the rocket 9M22Y fire on the
fighting vehicle BM-21: R,= 6000N + 8000N). In there: mz- the mass of the rocket; J, - The
inertial acceleration. The Ry forces appear only at the beginning of the launch and by zero when
the rocket moves on the launcher tube.

2.1.6. The reaction at the directional dowels

The reactions of launcher tube effects on the directional dowel Q; and Q.. This force is
perpendicular to the axis Ox of the moving coordinate system. The forces O/ and Q2 are
solutions of the system of equations:

{Ql +0,—G,cosp =0
Qzlz - Qlll - RKhl - F

ms1

h—F

ms?2

hy-M,=0

2.2. The equation of translation and rotation of the rocket in the launcher tube
2.2.1. The translation equation

mT.%:P'—R,,—N(sina+f.cosa) (1)

+F

In there: Ry - The drag force of initial motion; R =(F,, +F,,+R,+R); P’=0,9.P - The

thrust of the rocket engine include the losses [1]; P - The thrust of the rocket engine is

determined by interior ballistics problem; f - the friction coefficient; a - the tilt angle of twisted
slot in the launcher tube; N - the reaction of directional dowel in the twisted slot.

2.2.2. The rotation equation

d

Id(tonq—MoiN.cosa.c;C—f.N.sina.c;" )

In there: M, - the torque due to tilt angle of the nozzle y; M, - the torque resistance
rotational motion initially M, =(hR, +hF,, +hF,,); d. - the diameter of the rocket; I - the axial
moment of inertial of the rocket; @ - the rotational speed of the rocket; N - the reaction of
directional dowel in the twisted slot [1]:

N 7(P’ _R0)+2.Idx.tga M

4‘[:1}ga(icosa —f-Sl'”Of)"‘m]T(Si”a + [ .cosa)

2.2.3. The oscillation equation of the rocket axis when moving in the launcher tube

We will study the oscillation of the rocket axis on the vertical plane. All the formulas
found in this case can be used for the oscillation on the horizontal plane of the rocket axis if
skipped component depends on the gravity.
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In the link motion stage, the oscillation of the bullet axis is relatively small and is limited
by the gap between the centering ring with the launcher tube. Due to the small gap, the
oscillation of rocket axis effect very little to the accuracy of the bullet so it can be ignored .
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Figure 3. The coordinate system determines the bullet axis

In semi-link motion stage, the coaxial loss occurs between the rocket and the launcher
tube, the bullet moves in the launcher tube with aft centering ring. The axis of the rocket will
oscilltate around point A, is located on the aft centering ring in the vertical plane. The
motion of point A includes the motion along the launcher tube and fluctuated around the
launcher tube axis in the firing plane by the effect of the engine thrust and the gravity. These
motion parameters depend on time. Establishhed two coordinate system: The fixed
coordinate system A4,XyYy attached with launcher tube, the origin is A4y (the position of point
A at the initial time), the axis AgX, along the axis of launcher tube, the axis AyY)
perpendicular with 49Xy . The moving coordinate system: AXY attached with the rocket, the
origin is 4, the axis AX direction along the axis of the rocket, the axis AY perpendicular AX
in the firing plane (figure 3). The motion of the point A is the motion of the rocket in the
launcher tube. The oscillation of rocket is determined by the angle f, the positive direction of
this angle is the way counterclockwise. For convenience when surveying, considering AC
coincides with the axis of the rocket.

The force and moment applied to the bullet when moving in the launcher tube [4]:

+ The moment: M, = Grlsccos(6)+[);

+ The inertial force along the axis 4pXy: F,,, = m, X

+ The inertial force along the axis 49Yy: F,

ay =mpYe.

With conditions above, the oscillation equation of the bullet axis:
J f=m.X1,. sinB—~m.gl,.cos(6,+p) —m,Y 1, cosf3 *)

In there, J4 - Inertial moment of the bullet around point A:J,=J. +m,[}

*.; Jc - Inertial

moment of the rocket around point C; /¢ - Distance from the centroid of rocket to aft centering
ring; Due to f is small: sin f ~ f; cos f ~ 1.
Ignore friction, equation of translation motion of the rocket along the axis 4pXj , 49Yy from
loss link between forward centering ring and launcher tube:
m. X . =[P—m,gsin(8, + f)]cos3

m.Y.=[P—m,gsin(f, + B)]sinp
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Equation (*) becomes: [ = -m, gl ,-(cos, — fsinb,)/ J, 3)

From (1), (2), (3) we have a system of equation describing the motion of rocket in the
launcher tube:

mT%:P'—RO—N(sina+f.cosa);
[dxd_a):M —MOJ_rN.cosa.d"—f.N.sina.d";
de " 2 2 “)
dy, .
5~ B=r
%:B:—nglAc(cosﬁo — Bsing,)/ J,.

Initial condition of equations system: ¢ = #y,; v =v(ty); @ = w(tg); Y1 =Yi(ty),; Y> =Ya(ty).

3. THE SOLUTION AND DISCUSSIONS

Systems of differential equations (4) was solve by numerial integration method, using
algorithm Runge - Kutta 4. We get the following results (figure 4).

---------------------------------------------------
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Figure 4. Results solve bullet motion 9M22Y in the launcher tube
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From the results of graphs 4. We have come to the conclusions below:

- The bullet speed increased rapidly and to reach the maximum value in the mouth
launcher tube (figure 4b). Survey results are suitable with reality;

- The deviation angle and the deviation angular velocity gradually increases in the semi-
link motion stage (figure 4e, 4f). The value of deviation angle and deviation angular velocity are
relatively small;

- In the semi-link motion stage, the bullet axial oscillation causes bounce angle. This is the
nutation angle initial of the bullet, so it directly affects the firing accuracy when launching;

- If the oscillation of the launcher is controlled, the gravity is the only sourse of bullet
axis oscillation when the bullet leaves mouth launcher tube. To limit this effect, the design of
the bullet need to pay attention to composition and structure coefficient that ensure optimal

value of moment of inertia J, =J . +ml;,..

4. CONCLUSION

The paper has built a physical model and mathematical model describing the motion of
uncontrolled rocket on tube type directional part. The paper results is input to the problem of the
rocket motion in space, serve for the design, manufacture, improvement and repair, calculate the
dispersion and firing accuracy of uncontrolled rocket when launching. Besides, the dispersion of
uncontrolled rocket is greatly influenced by the condition of launch, so research results also have
important significance in the firing correction or provide technical solutions to reduce dispersion
of the bullet when launching.
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