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Abstract:

Introduction/purpose: This article presents a new approach to determining
the dynamic characteristics of the automatic firing system of gas-operated
automatic guns.

Methods: Based on the real structure of the automatic firing system of gas-
operated automatic weapons, a 3D model of the gun is simulated using
Solidworks software, and the dynamic characteristics of the automatic firing
system are calculated on Solidworks Motion software.

Results: The obtained simulation results include displacement and velocity
of the breech platform over time; the force exerted by the hammer on the
bolt carrier over time; and impact force of the bolt carrier and gun body over
time. These results are compared with data obtained from experiments to
verify the mathematical model. The cycle of a shot according to test results
is 0.0846 s and the firing rate error between theoretical and experimental
results is 2.82%.

Conclusion: Research content allows users to visually evaluate the working
process of all parts of the automatic firing system. The results of this
research can be applied to calculations for automatic firing systems of
different automatic guns. This is an important scientific basis for improving
and upgrading existing automatic weapons and serving the process of
designing and manufacturing new types of automatic weapons in the future.




Keywords: dynamics, automatic firing system, automatic weapons, gas-
operated weapons, Solidworks Motion.

Introduction

For small automatic weapons, stability during firing is one of the
factors that affect shooting accuracy, so studying the stability of weapons
when firing is of significant importance for improving weapons to increase
shooting accuracy. The stability of a gun is affected by many factors such
as shooter's movements, surrounding environmental conditions, relative
displacement, and collision of gun parts when shooting. In particular, the
movement of parts in the gun's automatic firing system is a factor that can
be determined. The characteristics of these movements are determined
by solving the problem of the dynamics of the gun's automatic firing system
when fired, see (Bien et al, 2021; Macko et al, 2021; Doan et al, 2023;
Balla et al, 2010a).

Currently, there are two main methods commonly used to determine
the dynamic characteristics of the automatic firing system of gas-operated
automatic weapons. These are numerical methods and experimental
methods. The numerical method is a method in which the establishment
of a system of differential equations determining the relationship between
components in the automatic firing system of a gun is carried out based on
classical equations such as Newton's second law equation, Lagrange
equation of the 2nd type, etc. The advantage of this method is that the
calculation scope can be easily expanded and calculation options can be
changed flexibly. In particular, the results of theoretical problems can be
used to localize and predict experimental results during the research and
design process. However, the structural shape of the parts of the automatic
firing system is always complex, and the accuracy of the input parameters
determined by sub-problems is not high (transmission ratio problem,
efficiency problem, collision problem, etc.). Therefore, this method needs
to use many assumptions, so the results obtained in all conditions are
approximate and only capable of approaching reality, see (Balla & Mach,
2007; Balla et al, 2010b; Vitek, 2019). The experimental method is a
method of determining the dynamic characteristics of an automatic firing
system by measuring these parameters through specialized measuring
equipment. The commonly used measuring equipment is mainly a high-
speed camera system. The most outstanding advantage of using a high-
speed camera system is its simplicity of use and quick preparation. With
this method, any part of the gun can be identified.

However, the disadvantage of this method is that details with complex
motion rules are difficult to determine, and high-precision measuring
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devices are difficult to access. In addition, the implementation cost is
relatively high (Vitek, 2019; Balla et al, 2015).

Today, with the high development of science and technology in the
field of computers, associated with the evaluation/improvement/
advancement of 3D simulation software (such as Inventor, SolidWorks,
Adam, etc.), the application of simulation software to determine the
dynamic components of structures has become easier and more accurate.
There have been many studies on the application of 3D simulations in
determining kinematic laws of simple structures and parts of the world, see
(Fiser & Popelinsky, 2007; Fiser, 2007).

However, the application of 3D simulation software to determine the
dynamic characteristics of the automatic firing system of automatic
weapons is still limited. In this study, the authors applied 3D simulation
software to determine the dynamic characteristics of an AK submachine
gun in the Solidworks Motion working environment. The experimental
process using a high-speed camera is used to determine the dynamic
characteristics of the automatic machine. The dynamic simulation results
are compared with the data obtained from experiments to evaluate the
reliability of the implemented method.

Problem formulation

Set up a dynamic simulation model

The AK submachine gun is an automatic weapon that operates on the
principle of gas extraction. The diagram of the working principle of a gas-
operated automatic weapon is presented in Figure 1, see (Dung et al,
2023).

The working principle of gas-operated automatic weapons is that part
of the gas in the barrel is extracted through the gas hole to provide energy
for the automatic mechanism to perform the next shot. Gas-operated
automatic weapons have many advantages such as simple structure,
reliable operation, high accuracy, large effective range, and high rate of
fire, see (Popelinsky & Balla, 2004; Allsop, 1997). With such outstanding
advantages, it is widely used.




Figure 1 — Schematic arrangement of the gas piston
1 - barrel; 2 - piston rod with the piston; 3 - cylinder; 4 - gas block; 5 - gas port

The main components of the AK submachine gun are listed in Figure 2.
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Figure 2 — Main components of the AK submachine gun

With such a complex structure, using numerical methods to determine
the dynamic characteristics of AK submachine guns is very difficult.
Therefore, this method often uses many coefficients in the calculation
process such as the collision recovery coefficient, the collapsed mass
coefficient (Macko et al, 2021), etc. Experimental methods make it difficult
to determine the movement characteristics of the hammer, the safety
lever, and the characteristics of front and rear impacts between the bolt
carrier and the gun body (Vitek, 2019). In addition, the cost of this method
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is relatively high. Therefore, the method of using 3D computational
simulation software is very suitable. The advantage of this method is that
it provides intuitiveness in calculation. Determining the input parameters
for this method is also relatively simple. This method gives relatively
accurate and complete calculation results.

Creation of the parts geometry and the assembly mechanism

The automatic firing system of the AK submachine gun is a system
with a complex structure. The connection between the details in the
automatic firing system is in the form of pins, elastic springs, profile cams,
or impact types. The assembly structure of the automatic firing system is
divided into 8 main components as follows: gun body; bolt carrier and
piston; carrier spring; hammer; safety lever; and magazine. The parts of
the automatic firing system of the AK submachine gun are simulated
according to the actual size of the part on Solidworks software as shown
in Figure 3. In the Solidworks Assembly environment, it is necessary to
click mate to assemble the gun parts.

1 3

Figure 3 — 3D model of the AK submachine gun:
1-gun body; 2 - return spring; 3 - bolt carrier and piston; 4 - hammer;
5 - safety lever; 6 - magazine, 7 - bolt

The stages of the SolidWorks Motion research

A motion study can be created from the Tools — Add-Ins menu and
accessed from a Motion Study tab at the lower portion of the graphics area.

- Click Properties to set value in the Frames per second field. Activate
Animate during the simulation and Show all Motion Analysis message
options;

- Under Motion Analysis, click Advanced Options to Select GSTIFF
solver, see (Nedelcu et al, 2020, 2011).




External forces acting on the automatic firing system

External forces acting on the automatic firing system when firing are
shown in Figures 4 and 5. These forces have a cyclic nature when firing in

series.
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Figure 5 — External force acts on the automatic firing system when the bolt carrier is
pushed up

The symbols of the force components in Figure 4 and Figure 5: Fpi —
combustion gas pressure force acts on the piston; Frs — force of the bolt
carrier spring; Fr — friction force between the bolt carrier and the gun box;
Mox — torque of the torsion spring acts on the hammer; My — torque of the
torsion spring acts on the safety lever; F., — bullet shell withdrawal force;
Fiw — force that pushes the bullet into the chamber; and P4 — gravity of the
bolt carrier.

- The force due to the combustion gas pressure in the gas chamber
acts on the piston

For automatic firing systems of gas-operated automatic weapons, the
force exerted on the piston by the combustion gas pressure in the gas
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chamber is the energy for the automatic machine to work. Therefore, this
is the input parameter to solve the dynamic problem of a gas-operated
automatic machine. The force due to combustion gas pressure in the air
chamber depends on the pressure in the air chamber and the piston cross-
sectional area.

There are many methods to determine the pressure law in the air
chamber. The Blagonrarov method does not reveal the law of variation of
combustion gas pressure in the gas chamber over time, so it is not used
currently, see (Allsop, 1997). The Mamontop method has solved the above
deficiency, however, the calculation process is very complicated (Allsop,
1997). Calculation using the Bravin method is simpler and the results are
also relatively accurate. Currently, with the development of computer
science, the combustion gas pressure in the gas chamber is determined
by simultaneously solving the interior ballistics equation, the gas chamber
thermodynamic equation, and the motion equation of the automatic
machine, see (Dung et al, 2023). However, the calculation volume of this
method is too large, and continuously adjusting the calculation process is
inappropriate. Therefore, the Bravin method chosen to determine the
pressure in the air chamber is appropriate when the main concern is the
pressure in the air chamber.

The equation for determining the combustion gas pressure in the gas
chamber using the Bravin method is as follows:

-t t
py=pe’(l-e?’ (1)

The combustion gas pressure force in the gas chamber is determined
according to the formula:

E,=pS, (2)

where: p - gas pressure in the barrel at the moment the bullet passes

through the gas hole. This pressure value is determined by solving the
interior ballistics problem or by experimental methods; e - natural logarithm
base; t - time during which the burning gas acts on the piston; a -
coefficient takes into account the influence of the structural parameters of
the air chamber (the method for determining this coefficient is presented
in detail in the document (Fiser & Popelinsky, 2007)); and b is the Bravin
coefficient. The results of calculating the pressure force in the gas chamber
F, are shown in Figure 6.
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Figure 6 — Graph of combustion gas pressure force in the gas chamber

- The force of the return spring

This force acts on the weapon casing and the bolt carrier throughout
the whole functional cycle. The return spring force significantly influences
the function cycle of the weapon. It is usually considered linear and is
determined by the following formula:

F;‘S = F;’SO +krs .X (3)

where Fs is the return spring pre-tension force; ks is the stiffness of the
return spring; and X is the deformation of the return spring.

The hardness of the return spring is determined by experimental
methods. The return spring of the AK submachine gun and the fixture for
the experiment are shown in Figure 7.

Figure 7 — Return springs
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The jig model for the experiment is presented in Figure 8. The
hardness of the return spring is determined experimentally using the ST-
1000 SALT multi-purpose tensile and compression machine. When
compressing the spring, the display screen of the compression machine
will display the force according to the compression of the spring, see
Figure 9. Based on the results obtained experimentally, the stiffness of the
push-back spring is determined according to Huc's law.

Figure 8 — Deploy an experiment to measure spring hardness
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Figure 9 — Graph of compression force versus spring compression




- The friction force between the bolt carrier and the gun box

Friction force calculation is a very complex and important problem in
calculating the dynamics of the automatic firing system. The friction force
is the variable force during the movement of the breech block carrier, and
it depends on a lot of factors. The friction force acting on the automatic
firing system occurs in many positions, such as the friction force between
the breech block carrier and the receiver assembly, the friction force
between the breech block carrier and the bolt, the friction force between
the breech block carrier and the working mechanisms, the friction force is
caused by the collision, etc. In practice, however, the friction force between
the breech block carrier and the receiver assembly is much larger than
other friction forces. Therefore, to simplify the analysis, the authors only
consider the friction force between the breech block carrier and the
receiver assembly while the other friction forces are neglected. The effect
of this simplification on the accuracy of the final solution is negligible.

The friction force between the breech block carrier and the receiver
assembly is proportional to the normal contact force, as given in equation (4):

Fo=u-N (4)

The coefficient u is called the coefficient of friction. Often two values
of u are quoted: the coefficient of static friction ys, which applies to the
onset of sliding, and the coefficient of kinetic friction u, which applies
during a sliding motion. The coefficient of friction between the breech block
carrier and the receiver assembly is determined by the experiment, see
(Fiser & Popelinsky, 2007); N is the reaction force of the gun box acting on
the bolt carrier.

The normal contact force is determined by the following formula:

N=ms-g (5)

where ms is the total breech block carrier mass and g is the acceleration
of gravity.
- Force to withdraw the bullet case

The force required to remove the empty cartridge case from the
chamber acts until the chamber is completely clear of the cartridge case.
This force is determined by the friction force, Fms, between the cartridge
case and the chamber wall, which is determined by the propellant gas
pressure acting on the inner surface of the cartridge case. The diagram
used to calculate the cartridge case extraction force is illustrated in Figure
10, see (Tien et al, 2021).
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Figure 10 — Diagram to calculate force when extracting the cartridge case:
Ry - the force of casing withdrawal; p is the pressure in the combustion chamber;
Fms - the friction force between the casing and the bullet chamber wall;
Ivd - the length of the cylindrical part of the casing

Normally, small automatic weapons usually use cartridges which are
cylindrical cartridge cases and short. Therefore, the cartridge case
extraction force, Ry is determined according to the following approximate
formula, see (Tien et al, 2022; Dung et al, 2023):

R =2xf-1,-E -5-A (6)

where: f — coefficient of friction between the cartridge chamber and

the cartridge case; Iy — length of the cartridge case in the cartridge

chamber; E, — modulus of elasticity of the cartridge case material; 5 — wall

thickness of the cartridge case; A — relative interference (the magnitude of

this value depends mostly on the maximum pressure and the cartridge
case material).

- Gravity of gun parts

The object's gravity is located at the center of the object. This force is
perpendicular to the horizontal plane and has a vertical downward
direction. The magnitude of these forces is determined according to the
following formula:

F=m-g (7)

where m is the mass of the object and g is the acceleration of gravity.

Install forces in Solidwork software

After determining the rules of the forces acting on the bolt carrier
during the process of recoil and return, the results are exported to a
spreadsheet on Excel software. They are then added to the Solidworks
environment. The setting parameters are shown in Figures 11-16.
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Figure 14 — Set the direction and the magnitude of the torsion spring of the safety lever
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Figure 15 — Set the direction and the magnitude of the bullet casing force
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Figure 16 — Set the direction and the magnitude of gravity

After establishing the direction and the magnitude of the forces in the

Solidworks environment, the contacts when moving the parts of the
automatic firing system on the AK submachine gun need to be established.
The contacts are set up with the parameters entered as shown in Figure

17.

Figure 17 — Set up the contacts between the parts in the automatic firing system




Results and the discussion

Problem solution

After setting the initial parameters and connections between the parts
of the AK submachine gun, a calculation model is established as shown in
Figure 18. The calculation process is performed in the following order:

Click Calculate @Dto run the computational model. During the
computing period, the Motion Analysis Messages window will display
specific information.

The initial position and the study’s time are determined as follows:

The initial position of the mechanism is determined as shown in Figure 18.

&

Figure 18 — Dynamic computational model of the automatic firing system

After the calculation is finished, the following options will be available:

- Click Results and Plots to see the parameters as a function of time;

- In this section, select the parameters that need to display the results
such as displacement, velocity, acceleration, applied force, and moment
of the part of interest, see Figure 19. These parameters can also be
exported to an Excel table.

Figure 19 — Select the parameters to display
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The results presented in Figures 20 to 25 are the dynamic parameters
of the automatic firing system of the AK submachine gun when firing.
These parameters include the velocity of the bolt carrier, the movement
law of the bolt carrier, the law of rotation angle of the hammer, the force of
the hammer acting on the bolt carrier, and the collision force between the
bolt carrier and the gun body.
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Figure 20 — Graph of the velocity of the bolt carrier over time
0.14 |
012+
01+
E, 0.08 |
=
2
E 006+
=
=)
ZE 004+
a
0.02 +
0

0 0.02 0.04 0.06 0.0 0.1 0.12
Time (s)

Figure 21 — Graph of the displacement of the bolt carrier over time
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Figure 22 — Graph of the displacement of the bolt over time
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Figure 23 — Graph of the hammer rotation angle over time
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Figure 24 — Graph of the impact force between the breech and the gun body over time
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Figure 25 — Graph of the impact force between the bolt and the bolt carrier over time




Some comments are pointed out as follows:

The special points of the graph in Figures 20 and 21 show the moment
of collision of the bolt carrier with the other parts of the automatic machine.
The time it takes for the bolt carrier to move back is less than the time it
takes for the bolt carrier to be pushed up. After an impact at the top
position, the bolt carrier bounces back a distance before the hammer hits
the firing pin to fire.

The change in the direction of movement of the bolt is shown in Figure
22. At this time, there is a collision between the breech bolt and the bolt
carrier when the bolt moves within the cam-shaped section of the bolt
carrier.

When the bolt carrier moves backward, the hammer is pressed down
and it rotates around the axis (see Figure 23). This impact reduces the
speed of movement of the bolt carrier, which is the cause of the decrease
in the rate of fire.

The impact with the largest amplitude is when the bolt carrier is in the
rearmost position and the top position (see Figure 24). In these two
positions, the amplitude of collision force between the bolt carrier and the
gun box is the largest, which causes strong fluctuations in the gun barrel,
reducing the gun's accuracy when firing in series.

Evaluate the reliability of the calculation method

To evaluate the reliability of the new calculation method, an
experimental method was used to verify the calculation model. The
dynamic parameters of the bolt carrier are the basis for evaluating the
ability of the automatic firing system to operate reliably. Therefore, the
purpose of this experiment is to determine the displacement and the
movement speed of the bolt carrier. The results obtained are the basis for
verifying the established calculation method. In the experimental part of
this study, we used a non-contact measurement technique. The high-
speed camera system FASTCAM SA1.1 model 675K - C1 was used to
measure the movement of the bolt carrier, see Figure 26 (Doan et al,
2023). This system includes a Fastcam SA1.1 high-speed camera with the
basic parameters in Table 1, a computer used to install PFV software and
store information, a lighting system, and a connection cable. PFV software
is used to control high-speed cameras from a computer. TEMA software
is used to process the records as well as collect the necessary data, (Tien
et al, 2022, Vo et al, 2021). The system deployment diagram in the
laboratory is shown in Figure 27.
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Figure 26 — SA1.1 High-speed camera system

Table 1 — Some basic parameters of the camera

Parameters Value
Maximum write speed 675000 fps @ 64x16 pixels
8GB is equivalent to 5457 64x16
Data memory pixels photos or 5400 1024x1024
pixels photos
Sensor 12bit DAC

i
IS

V2227222727 2 )

Figure 27 — Diagram of the arrangement for measuring the displacement of the bolt
carrier using the SA1.1 high-speed camera system:
1 - B299 firing platform; 2 - AK submachine gun; 3 - SA1.1 high-speed camera;
4 - lighting system; 5 - computer with processing software




The testing was conducted at the Weapons Technical Center/Military
Technical Academy under the environmental conditions: a temperature of
24°C and a humidity of 75%. AK submachine guns and 7.62mm
ammunition are of the same batch and are insulated under the same
environmental conditions. The layout diagram of the equipment used in
the test is described in Figure 28. The camera installation mode is
described in Figure 29.

Based on the records, the displacement and the velocity of the bolt
carrier can be determined. TeMA software is used to process records as
well as collect necessary data.

Figure 28 — Arrangement of the equipment in testing
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Figure 29 — Set parameters of the high-speed camera
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Discussion

The experimental data are used to compare with the data from the
computational model. The results of comparing the displacement and the
velocity of the bolt carrier are shown in Figure 30 and Figure 31.

0.14

——— Theoretical results

— — - Experimental results

0.12

0.1

0.08

0.06 -

0.04

Displacement (m)

0.02

0.02 0.04 0.06 0.08 0.1 0.12
Time (s)

Figure 30 — Comparison of the displacement of the bolt carrier
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Figure 31 — Comparison of the velocity of the bolt carrier

The obtained results can be commented on as follows:

- The comparison results between the theoretical data and the
experimental data show that the calculation model is highly accurate and
suitable, see Figure 30 and Figure 31. The maximum deviation does not
exceed 6%.

- The simulation results show that the working cycle of a shot is 0.0823s
and this value is equivalent to the theoretical rate of fire of 729 (shots/minute).




The cycle of a shot according to the test results is 0.0846 s and this value is
equivalent to the theoretical rate of fire of 709 (shots/minute), with an error of
2.82%.

- The comparison results demonstrate that the theoretical simulation
model ensures reliability and can be used in further research and surveys
on AK submachine guns.

Conclusion

With a new approach to calculating the automatic machine dynamics
of the AK submachine gun using Solidworks Motion software, the dynamic
parameters of all parts of the automatic machine of the gun are determined
relatively accurately. From the calculated results and the comparison with
the experimental results, some conclusions are drawn as follows:

- Solidworks Motion software allows users to set up 3D calculation
models so it is more intuitive. The input parameters are relatively simple
and easy to set, reducing the need to calculate additional problems.

- By creating links between many parts in the automatic machine,
many problems are solved simultaneously, so the calculation results are
more accurate. In contrast to the theoretical method, secondary problems
such as the problem of determining the hammer force and the collision
problem need to be solved first. These are the input parameters for the
main problem.

- The results calculated using Solidworks Motion software are
relatively accurate compared to the results obtained from experiments; the
error is no more than 5% for the movement speed of the bolt carrier and
3% for the firing cycle.

By using Solidworks Motion software in dynamic calculations,
designers will have more advantages in designing, manufacturing, and
improving other types of automatic weapons.

In the future, the models determining other dynamic characteristics of
weapons will be established on Solidworks Motion software by the author.
In particular, the author continues to research calculations for weapons
operating according to the principle of receding barrel or free breech
principle.
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Resumen:

Introduccion/objetivo: Este articulo presenta un nuevo enfoque para
determinar las caracteristicas dinamicas del sistema de disparo automatico
de pistolas automaticas operadas por gas.

Métodos: Basado en la estructura real del sistema de disparo automatico
de armas automaticas operadas por gas, se simula un modelo 3D del arma
utilizando el software Solidworks y las caracteristicas dinamicas del
sistema de disparo automatico se calculan en el software Solidworks
Motion.

Resultados: Los resultados de la simulacion obtenidos incluyen el
desplazamiento y la velocidad de la plataforma de recamara a lo largo del
tiempo; la fuerza ejercida por el martillo sobre el portacerrojo a lo largo del
tiempo; y la fuerza de impacto del portacerrojo y el cuerpo de la pistola a lo
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largo del tiempo. Estos resultados se comparan con datos obtenidos de
experimentos para verificar el modelo matematico. El ciclo de un disparo
segun los resultados de la prueba es de 0,0846 s y el error en la tasa de
disparo entre los resultados tedricos y experimentales es del 2,82%.

Conclusion: El contenido de la investigacion permite a los usuarios evaluar
visualmente el proceso de trabajo de todas las partes del sistema de
disparo automatico. Los resultados de esta investigacion se pueden aplicar
a los calculos de sistemas de disparo automatico de diferentes armas
automaticas. Esta es una base cientifica importante para mejorar y
modermizar las armas automaticas existentes y servir al proceso de disefio
y fabricacion de nuevos tipos de armas automaticas en el futuro.

Palabras claves: dinamica, sistema de disparo automatico, armas
automaticas, armas accionadas por gas, Solidworks Motion.

MN3yyeHne guHaMn4ecKkmx XxapakTepucTmK ra3oBoro OrHECTPENbLHOro
OpPYXMS C UCMONb30BaHMeEM nporpammMHoro obecnevenns Solidworks
Motion

@y M. HyweH, bueH B. Bo, koppecnoHaeHT, 3oaH B. Llao, 3yHe B. HyneH
TexHudeckui ynusepcuTteT Jle Kai [JoH,

akynbTeT cneumansHoro obopyaoBaHus,

XaHow, Coumanuctmnyeckasa Pecnybnuka BeeTHam

PYBEPUKA TPHTW: 55.68.00 Mpon3BoACTBO OpYXuUsi
BWO CTATbW: opurmHanbHasa Hay4Has ctaTbs

Pestome:

BeedeHue/uenb: B daHHOU cmambe rpedcmasrnieH Ho8bili 1odxo0 K
onpedenieHU0 OUHaAMUYEeCKUX XapakmepucmuK asmomamu4eckol
cucmembl 8bicmperios us 28308020 asmomMamuy4yecKoz20
02HEeCMperibHO20 OPYXKUSI.

MemoObi: Ha ocHogaHuu pearnbHOU CcmpyKmypbl asmomamuyeckol
cucmembi 8bicCmpesios us 2a308020 asmomamu4ecKoeo
O2HecmperibHo20 opyxusi mModesnupyemcsi 3D-modefnib 8UHMOBKU C
ucrionib3ogaHueMm rpozpammHozo  obecrnieyeHuss  Solidworks, a
OuHaMu4yecKue  xapakmepucmuku cucmembl — asmomamuyeckoli
cmpenbbbl  paccyumsblgaromcss  C  [IOMOWbI  1Po2pamMMHO20
obecneyeHus Solidworks Motion.

Pe3ynbmamei: lMony4yeHHble  pe3ynbmamel modlenuposaHusi
eK/royarom 8 cebsi nepemelieHue U CKopocmb 3ameopHoU pambi 3a
nepuod epeMeHu; ycunue, okasbieaemoe yOapHUKOM Ha 3ameOpHYHo
pamy 3a rnepuod epemMeHu; U cusy ydapa 3ameopHoll pambl U 8UHMOBKU
3a nepuod 8pemMeHU. Omu  pesynbmambl Ons  [NPOBEPKU
Mamemamu4deckol Modesnu cpasHugaomesi ¢ 0aHHbIMU, 0STy4YeHHbIMU
8 pe3ynbmame 3KcriepumeHmos. [lpodormkumenbHoCmMb  YuKia




8bICMpPesIos, coefacHo pesynbmamaM UcfbimaHul, cocmasnsem
0,0846 cekyHO, a mnospewHoCmMb Mex0y meopemuyeckumu U
3KcriepuMeHmarnbHbIMU pesyribmamamu cocmasssgem 2,82%.

Bbigodbi:  ColepxaHue  OaHHO20  uccriedogaHusi  r1o3eonsem
rnonb308amerisiM 8U3yarnbHO OUeHUMb paboyutl npoyecc ecex Yacmedl
asmomamuyeckol cucmembl cmpenbbbl.  Pe3dynbmambi  3moeo
uccriefosaHusi moaym bbimb MpuMeHeHbl Oris pacdema cucmem
asmomamu4yeckol cmpernbbbi us pasnuYHbIX sudos
asmomMamu4ecko20 opyxus. Pe3ynbmamab! uccrnedo8aHuUs 8/SIHMCs
8axKHOU Hay4HOU OCcHO80U 05151 cogepuieHcmeo8aHusi U ModepHU3ayuu
cywiecmsyoweeo asmoMamu4eckoe0 02HEeCmpPerIbHO20 OpYyXusi U
rocnyxam 8 rnpouecce MPOeKMUPOBaHUsT U U320MOBIIeHUSI HO8bIX
8ud08 asmomMamu4eckoz20 opyxus 8 bydyuiem.

Krirouesble criosa: OuHamMuka, asmomamuyeckasi cucmema cmpesibbebl,
asmomamu4eckoe opyxue, 2a3oeoe opyxue, Solidworks Motion.

MpoyyaBare AMHAMUYKNX KapakTepucTyka nyLuaka Koje
YHKUMOHULLY NO NpUHUMNY no3ajmuue 6apyTHUX racoBa nomohy
cogpTtBepa Solidworks Motion

@y M. HyueH, bueH B. Bo, ayTop 3a npenucky, 3oa+ B. Llao, 3yHe B. HyneH

TexHuukun yHuBepauteT Jle Keaj [loH, ®akynTeT 3a cneuyujanHy onpemy,
XaHoj, Coumjanuctuyka Penybnuka BujeTHam

OBJIACT: maTtemaTtuka, MalIMHCTBO
KATEFOPWJA (TUM) YNAHKA: opurnHanHu Hay4yHu pag

Caxxemak:

Yeod/uyurb: Oeaj pad npedcmaerba HO8 npucmyrn oopehusary
OuHaMUYKUX KapaKmepucmuka aymomamcKoe cucmema ornasrbugeara Koo
aymomamcKux rywaka Koje (byHKUUOHUWY [0 MpuHyUry ro3ajmuuye
bapymHux eacoea.

Memode: Ha ocHosy peanHe cmpykmype aymomamcKkoe cucmema
onasrbuearba aymomamcKux opyxja Koja GbyHKUUOHUWY M0 npuHyury
rnosajmuye 6apymHux eacoea, cumynupaH je 3 moden nywke romohy
copmeepa Solidworks, a duHamuyKke Kapakmepucmuke aymoMamcKoe
cucmemMa orasrbueara u3padyHame cy riomohy cogpmeepa Solidworks
Motion.

Pesynmamu: JobujeHu pe3ynmamu cumynayuje obyxeamajy romepar-e
u 6p3uHy 3ameapaykoz brioka y hyHKUUjU 8peMeHa, cusly Kojom ydapay
Oerlyje Ha Hocay 3ameapayda y byHKUUju epemeHa, Kao u cury ydapa
Hocayva 3ameapada U meria opyxja y oyHKuuju epemeHa. Pesynmamu cy
yriopeheHu ¢  ekcriepumeHmanHo  OobujeHum  nodauyuma  padu
gepugpukayuje mMamemamudkoe moodena. Luknyc onarbema, npema
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pesynmamuma ucriumuearsa, usHocu 0,0846 s, a epewka 6p3uHe narbbe
usmehy meopujcKux U ekcriepumeHmasHux pedynmama je 2,82%.

Bakrbydak: 080 ucmpaxueame omozayhasa KopuCHUUUMa 8u3yernaH
npuka3s npoyeca pada ceux 0esl0ea aymomamckoa cucmema onarbusarsa.
Hbezosu pesynmamu moey Oa ce [IpuUMEHe 3a uspadvyHasara
aymomamcKux cucmema onasbugaksa pas/iudumux — aymoMarmcKux
nywaka. To npedcmaerba 8axHy Hay4yHy OcHogy 3a nobosblwarbe U
ycaspwasare riocmojehee aymomamckoe opyxja, Kao U 3a
rpojekmosarbe U npou3sodHy HOBUX muroga moa opyxja y 6ydyhHocmu.

KrbyyHe peyu: OuHamuka, aymomamcKu cucmeMm onarbusar-a,
aymomamcKo opyxje, opyxje Koje ¢yHKUUOHUWE M0 [puHyuny
nosajmuye 6apymHux eacosa, Solidworks Motion.
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