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Abstract. In this work, the aerodynamic strength calculation of the radar
station was carried out in 37 design cases in which the direction of the
wind flow and the position of the antenna panel relative to the vehicle were
varied. The vehicle and container were considered exclusively in the
aerodynamic calculation for the calculation of air masses. For the most
stressed cases, the static calculation was carried out and the critical stresses
of the whole structure under study and the antenna panel structure
separately were determined.

1 Introduction

The strength calculation is carried out taking into account the action of the load-bearing
elements' own weight combined with the load from the limit wind flow, directed frontally
in relation to the antenna array [1-3]. The maximum wind velocity in the calculation was
taken as 52.9 m/s. Aerodynamic calculations were performed taking into account the
influence of the location of the cabin under the action of wind loads at an angle to the
antenna panel. The maximum critical cases for which the strength calculation was
performed were determined [4-8].

The input data is based on the following conditions:

- operating and limiting ambient temperature +50 °C,

- relative humidity of 40% at +50 € and an atmospheric pressure of 630 mm m.th.

- average air velocity 30 m/s.

The supporting structures MR consist of the following main elements: vehicle,
container, rack with sprayer MR.

Calculation cases for blowing out the original vehicle model with container in which the
rack is located MR: fixes the position of the container vehicle and varies the position of the
stand in relation to the front of the panel in relation to the container vehicle: 0°, 45°, 90°,
135°, 180°, then relative to each fixed position of the rack MR varies the position of the
machine with the container relative to the machine front in relation to the wind direction:
0°, 45°, -45°, 90°, -90°, 135°, -135°, 180°. A total of 37 design cases were obtained, 37
design cases were investigated, of which the cases most loaded by the pressure acting on
the panel were applied in a further study.
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Static strength calculations were performed using the Static Structural module in the
Software Ansys Workbench. The solution is based on the assumption of linearly elastic
material properties and small deformations. Transition to fluidity and formation of plastic
deformations in metal or damage in composite elements is not allowed [9-13].

Calculations determine the stress-strain state of the antenna panel.

2 Calculation results

For the necessary reliability of the results obtained, the modelled calculation area was taken
from the maximum height of the object in question hma= 6.550 m. (Fig. 1). The calculation
area is taken in the form of a parallelepiped with the object in question located in it in such
a way that the distance from the object to the plane on the leeward side is /04 ~ 65.5 m., the
distance from the top to the top plane, the distance from the object to windward and the two
planes in the direction of the wind load is 54~ 32.75 m. for the transmitting post.

——

To obtain a more correct KE model, the calculation area in the vicinity of the object was
divided into zones with different partitioning. For this purpose, 2 zones with a distance
from the object of 2-4 m were modelled, Fig. 2.

Fig. 1. Dimensions of the calculation area (h=6.550 m).
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Fig. 2. Calculation area.

A tetrahedral mesh with element type Test 4 was used at the boundary and in the area
closest to the post of the studied object, and at the distance with element type Hex 8. The
finite element model of the computational domain is shown in Fig. 3, FEM consists of ~
193103 elements and ~ 74001 nodes.
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Fig. 3. FEM calculation area. (a - calculation area near the object under investigation in the cross
section, b - calculation area of second approximation, ¢ - calculation area of first approximation, d -
calculation area at a distance from the object under investigation).

Based on the results, pie charts of "Wind Rose" (Fig. 4) of maximum pressure on the
studied surface of the antenna panel depending on the direction of the airflow were plotted:
0°, 45°, -45°, 90°, -90°, 135°, -135°, 180°, relative to a container vehicle with a fixed rack
position: 0°, 45°, 90°, 135°, 180°.
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Fig. 4. Results of aerodynamic calculation (a - first design case of location MR; b — second design
case of panel arrangement MR; ¢ — third design case of panel location MR; d — fourth design case of
panel location MR, e — fifth design case of panel location MR). Maximum operating pressure on the

web MR was taken modulo the value.
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The load-bearing metal structure of the antenna plate (1) is made in an I-beam profile
with dimensions: length 5500 mm, height 55 mm, width 33 mm, wall thickness 3 mm.
Antenna sublattice (2) consists of metal thin-sheet sections with thickness of 3 mm, which
is a bent U-shaped profile with the following dimensions: length 2300 mm, width 125 mm,
height 60 mm. Frame RD made of GRP pultrusion profiles (I-beams) with the following
dimensions: length 2300 mm, width 20 mm, height 50 mm, wall thickness 2 mm. RD (4)
modelled in 44 sections, each measuring 2300 mm long, 125 mm wide, 15 mm high.

The calculations are based on the standard characteristics of the materials used in the
construction [14-37].

A grid with Tri3 element types and a predominance of Quad4 elements was constructed
for the object under study. The finite element model of the calculated model is shown in
Fig. 5, FEM consists of 566889 elements and 515937 assemblies.

d.

Fig. 5. Finite element model of the model to be calculated. (a - general geometry, b - struts, ¢ -
baskets, d - antenna web structures).

C.

Standard material properties were used in the calculation. To account for the structure's
own weight, gravity was taken into account by setting a condition of type (standard earth
gravity) with an acceleration of gravity of 9.8 m/s?. The condition for loading the antenna
panel with wind flow was imported using a condition like (imported pressure). The setting
of the boundary conditions is shown in Fig. 6.



E3S Web of Conferences 402, 05003 (2023) https://doi.org/10.1051/e3sconf/202340205003
TransSiberia 2023

[R] Standard Earth Gravity: 8,808 m/s*
B Imported Pressure
[ Ficed Support

0,000 1500 29000

a. 0750 1250

70543
597,104
87,777
37845
269123
199,796
504693
84576
~163.181
27751

2.000 1,500 3,000(m)

b. 750 2250

Fig. 6. Boundary conditions of the calculation model (a - general boundary conditions, b - imported
wind flow loading of calculation number 1).

The calculations take into account the condition of fixing the radar rack to the vehicle
container with a boundary condition of type (fixed support) in the contact areas of the rack
and the vehicle.

3 Conclusion

The calculations found the most stressed design cases, namely those with 45 degree wind
direction and panel location - with pressure 720.541 [Pa], with 0 degree wind direction and
panel location - with pressure 706.463 [Pa] and with 180 degree wind direction and 135
degree panel arrangement - with pressure 704.357 [Pa] in compression, with 45 degree
wind direction and panel positioning - with pressure 855.442 [Pa] and with 90 degree wind
direction, and panel position - with pressure 798.913 [Pa] on the tear-off. For the most
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stressed cases, the static calculation of the global structure as a whole has been carried out,
taking into account the rigid fixing of the bottom surface of the bracket post, the load on the
antenna panel obtained in the aerodynamic calculation and the weight of the structure.
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