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THE DYNAMIC CALCULATION MODEL OF LAUNCHER ON
COMBAT VEHICLES USING HYDRAULIC JACKS
ON ELASTIC GROUND

Nguyen Minh Phu", Vo Van Bien®, Nguyen Tuan Anh?

Abstract: In this paper, a dynamics model of a launcher on a combat vehicle
using hydraulic jacks is established. Theoretical foundations of multi-object
mechanics are used to set up mathematical equations describing the vibration of a
launcher when firing. The ground in the surveyed model is considered as an elastic
element with K hardness and viscous drag coefficient C. The research results are
applied to calculate the BM14 combat vehicle, the stability of the BM14 launcher
when single and multiple fired is specifically surveyed in the following cases: Using
hydraulic jacks, the ground is considered to be inelastic; Using hydraulic jacks,
BM-14 combat vehicle is placed on the elastic ground; Without using hydraulic
jacks, BM-14 combat vehicles are placed on the elastic ground. Survey results show
the reliability of the launcher when firing. The content of the paper is a theoretical
basis to contribute to the process of improvement, design, manufacturing, and
exploitation of combat vehicles that use hydraulic jacks with high efficiency.
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1. INTRODUCTION

Multiple launch rocket system is one of the most important artillery systems in
the army of nations around the world. The salient features of multiple launch
rocket systems are simple structure, fast maneuverability, convenience in use, high
operational reliability, and strong power. Therefore, it is commonly used in the
world. About structural characteristics, multiple launch rocket system is often
mounted on tires to increase maneuverability in combat so the accuracy of the
launchers is reduced. To increase the accuracy of the launchers, hydraulic jacks
have been equipped for combat vehicles to eliminate the elasticity of the wheels
when firing.

The BM-14 multiple launch rocket system (figure 1) is one of the typical
firepowers for installing rocket launchers on rubber tire vehicles using hydraulic
jacks during firing. The launcher is acted by forces such as the gravitational force,
the exhaust gas force, the dynamic loads when fired, so the vibration of the
launcher in space is complex vibrations. These vibrations create deviations in the
traversing angle and elevating angle, because of reduced firing accuracy. There
have been many studies on the vibration of the launcher. However, those studies
did not mention the stability of the launcher mounted on rubber tire vehicles that
used hydraulic jacks when fired.

The paper has established the dynamic model of the launchers mounted on
combat vehicles using hydraulic jacks. The studying results are the theoretical basis
for evaluating the effectiveness of using hydraulic jacks for rubber tire vehicles.

2. ESTABLISHING CALCULATION MODEL

2.1. Assumptions
To establish the BM-21 combat vehicle model according to the multi-object
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mechanic's theory, some assumptions are used to simplify the calculation process
as follows:

- Details and detail assemblies are considered absolute solids;

- The wheels are replaced by linear elastic elements, viscous bumpers and
pointing vertically;

- The ground is flat, the drag and friction forces are evenly applied to the wheels;

- The symmetry axes pass through the center of each object;

- The tweezers are linear elastic, viscous and only vertical;

- The displacements are oscillations that are considered small:

sin(q) = g, cos(q) ~1

2.2. Establishing the mechanical model

From the above assumptions, the model of BM-14 combat vehicle is established
as shown in figure 1.
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Figure 1. The model of BM-14 combat vehicle.
The investigated system consists of 5 bodies:

- Object 1: Vehicle object and rear axle. The object 1 has: mass my, the center of
gravity at C;, the moment of inertia of object 1 to focus C; is l;; Object 1 is
connected to the ground by two hydraulic jacks at the object back, connected to the
front axle through two tweezers left and right, connected to the traverser part through
the traversing mechanism.

- Object 2: Traverser part. Object 2 has: Mass m,, the center of gravity at C,, the
moment of inertia traverser parts to focus C, is l,; Object 2 is connected to the
elevation part through the elevating mechanism and connected to object 1 through
the traversing mechanism.

- Object 3: Elevation part. Object 3 have: Mass mg, the center of gravity at Cs,
the moment of inertia of object to focus Cj is I3; Object 3 is connected to the
remaining rocket by a brake mechanism.

- Object 4: The remaining bullets part. Object 4 has: Mass m,, the center of
gravity at C4, the moment of inertia of object to focus Cy is l4; (These parameters
are changed after each fired).
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- Object 5: The whole front axle. Mass ms, the center of gravity at Cs, the
moment of inertia of object to focus Csis Is.

2.3. The coordinate system

- Fixed coordinate system Ro= {0 Xo Yo Zo}: Oq is the intersection point of the
axis of traversing rotation with the ground plane;

- Coordinate system Ry = {O1 X; Y1 Z;}: Oy is the intersection of the rotating
axis with a fixed roller plane mounted on the bottom carriage;

- Coordinate system R, ={0,X,Y,Z,} is the coordinate system of the object 2,
R, coincides with Ry;

- Coordinate system R3={O3X3Y3Z3} is the coordinate system of the object 3;

- Coordinate system R;={O4X 4Y4Z4} is the coordinate system of the object 4;

- Coordinate system Rs={OsXsYsZs} is the coordinate system of the object 5.
2.4. The independently generalized coordinates

From the assumptions and layout of objects, the BM-21 multiple launch rocket
system has 6 independently generalized coordinates: [g;]=[ d1, G2, O3, J4, O, Js].

3. ESTABLISHING THE SYSTEM OF EQUATIONS OF VIBRATION OF
THE LAUNCHER ON THE COMBAT VEHICLE

3.1. Vectors determine the coordinates of an object according to the
generalized coordinates

- The vector § =0,0, is a vector defining coordinates O; point in the system

of Coordinate Oy; @ :@ is a vector defining coordinates P point in the system
of Coordinate O;; A} is the converts matrix the coordinates from the R; coordinate

system to the R; coordinate system.

- The vector determines the point coordinates P in the original coordinate
system:

R =R + Ay (1)

- The angular velocity vector of i body in the Op coordinate system is
determined as follows [1]:

& =AA 2
3.2. Determine the kinetic energy of solid bodies

The ith solid object in the system is selected for the survey. The Kinetic energy
of an object is determined by the following formula:
T' :%(Rj.mi.rei +a] AA ) 3)

3.3. Establishing a system of differential equations that describe the vibration
of a launcher

Establishing the system of differential equations of the mechanical system using
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Lagrange type 2 are written in the form of matrix [4] as follows:
d [oT>) oT*
pm [a_q.]__: j (4)
J
Where: T2 - Total kinetic energy of the whole mechanical system; gy —

Independent generalized coordinate; Q; - Generalized force corresponding to the
generalized coordinates g;.

4. APPLY, SOLVE THE SYSTEM OF DIFFERENTIAL EQUATIONS
DESCRIBING THE VIBRATION OF A LAUNCHER BM-14
4.1. The forces acting on the mechanical system model BM-14

Based on the analysis of the structure of the BM14 combat vehicle and the
established model, the mechanical system is affected by the following main forces:

a. The gravity of solid objects:

Gravitational force P;y acting on the object is located at the center of mass of
objects. In the fixed coordinate system, the gravitational force of the i" body:

PP =[0 0 —mi.g]T (4)

b. The elastic forces of the elastic - viscous elements
The elastic potential of elastic elements is determined by the following formula:

1o
I :E5I‘ K, 51, (5)

Where: K; is a matrix of hardness coefficient of the elastic element,
A, =1.(t) -1, (0). The displacement of the setpoint of elastic force compared to the

initial state.
c. The firing force

The firing force is the force that the firing rocket acting on the launcher. The
firing force is the main component causing the vibration of the launcher. The firing
force is generated by many complex force components such as: The braking stage,
the gravity of the rocket, the force caused by exhaust gas flow, the force is
generated by the rotation of the rocket in the launcher, etc.
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Figure 2. Stage of exhaust gas acting on  Figure 3. The shape of the firing force
the launcher and firing sequence. F+.
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These force components have a relatively complex direction and sensitive
direction in space. However, it acts on the launcher mainly along the axis of the
launcher. Therefore, the axial force component of the launcher tube is considered
to be the firing force. The firing force consists of 3 stages: The braking stage, the
orientation stage, and the exhaust gas stage. The firing force graph is shown in
figure 2.

4.2. Calculation results

With the firing order arranged as shown in figure 3, the d-solve command in
Maple software is used to solve the system of differential equations describing the
vibration of the launcher on a BM14 combat vehicle.

To investigate the influence of using hydraulic jacks on BM-14 battle vehicles,
the vibration of BM-14 launchers was investigated in the following cases:

- Case 1: Using hydraulic jacks, the ground is considered to be inelastic;
- Case 2: Using hydraulic jacks, the ground is considered to be elastic;
- Case 3: Without using hydraulic jacks, the ground is considered to be elastic.

The results of oscillation of the launcher when single and multiple firing are
shown in figure 4 and figure 5:
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Figure 4. Vibration of a launcher when Figure 5. Vibration of the launcher when
single firing. series firing.

- When fired, the mechanical system is affected by the loads, so the launcher
oscillates around the equilibrium position. From Figure 5 shows that the oscillation

in the 70 direction is the largest, this oscillation is the main cause of the launching
angle deviations.

- When single-fired, the vibration time of the mechanical system is 2.5 seconds.
After that, the system returned to its equilibrium position but not the original
position because at this time the mass and the center of mass of the unfired bullets
had changed. Therefore, the launching angle of the next shot will be different from
the original firing.

- When series fired, the system deviates from its equilibrium position and
oscillates around the new position, when the firing is stopped, the system returns to
the new equilibrium position, this position has a greater deviation than the first
firing. This deviation directly affects the accuracy of the next firing.
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The oscillation graph of the launcher when surveyed for the three cases is
plotted on the same graph as figure 7, figure 8, and figure 9.
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Figure 6. Vibration of the launcher in X . Figure 7. Vibration of the launcher in Y, .
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Figure 8. Vibration of the launcher in fo direction.

- When the mechanical system is fired in unused hydraulic jacks mode and the
ground is elastic, the amplitude of vibration of the launcher is greatest. In this case,
2 rear tires and 2 rear tweezers are released, the mechanical system is affected by
many elastic elements.

- The survey results in figure 7, figure 8, and figure 9 also show that the new
equilibrium position corresponds to the survey case 1, case 2, and case 3 further
and further away from the original equilibrium position.

- When studying the vibration of the launcher, investigation of the factors
affecting the vibration of the launcher is an important basis for accurately
determining the input parameters for the transfer of rocket in space.

5. CONCLUSIONS

The paper has built the BM-14 combat vehicle mechanical model based on the
multi-material merchanics theory. The mechanical model, coordinate system and
generalized coordinates were chosen as general quantities, used to survey launcher
in single and series fired. The algorithm scheme and solution method are applied to
set up for all the launchers on rubber tire vehicles using hydraulic jacks when firing.

The result of the paper is the analysis and evaluation of the effects of the firing
on the stability of the launcher when fired. Since then, the reliability of combat
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vehicles using hydraulic jacks has been specifically evaluated.
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TOM TAT

MO HINH TINH TOAN PONG LUC HOC GIAN PHONG ‘
TREN XE CHIEN PAU CO SU DUNG KiCH BPAT TREN NEN BAN HOI

Trong bai bdo, mé hinh dong luc hoc dan phong xe chién ddu co sir dung
kich dwoc thiét ldp. Co sé 1y thuyét vé co hoc hé nhiéu vat dioc sir dung dé
thiét \dp phwong trinh todn hoc M0 ta dao dgng cua dan phong khi phong.
Nén ddt trong m0d hinh khdo sat duwoc coi nhu la mot phan tir dan hoi c6 do
cing K va hé sé can nhét C. Két qua nghién cizu diroc ap dung dé tinh toan
cho xe chién dau BM14, dé 6n dinh cia dan phong BM14 khi phéng don va
phéng loat duwoc khao sat cu thé trong cdce truong hop: CO sir dung kich va
nén ddt diege coi la khéng dan hoi; CO sir dung kich va nén ddt dwoc coi la
dan hoi; Khong si dung kich va nén ddt dwoc coi la dan hoi. Két qua khdao
sat cho tha'y mite dé tin cdy cua gian phong khi ban. Ngi dung bai bao la co
s¢ Iy thuyét doéng gop trong qua trinh cai tien, thiét ké, ché tgo va khai thac
st dung cac logi xe chién ddu co sir dung kich dat hiéu qud cao.

Tir khoa: Kich thay luc; Gian phéng bin loat BM-14; Dao dong cua dan phéng.
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