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ABSTRACT

This study deals with the structural safety analysis of large radar structures with elevation drive
units. Large radar is an essential military equipment that detects the trajectory of the shell, tracks the
launch point, and neutralizes the enemy weapon. A large radar is equipped above the military vehicles,
with an elevation drive unit that can elevate quickly to detect shell trajectories at a desired position.
However, large radars with elevation drive units are affected by various external forces depending on
the angle of elevation and transportation environment. Furthermore, elevation drive units that control
the angle of elevation are vulnerable to buckling. Large radar structures require high reliability of
structural safety under various conditions for operation. This study analyzes the structural safety of a
large radar structure with respect to the drive angle and external forces using finite element analysis.
For this purpose, buckling safety of the elevation drive unit and main component stresses are
analyzed. The results of the analysis showed that the large radar was structurally safe against stresses
and buckling caused by external forces at various angles of inclination. In addition, it is structurally

safe with respect to the random vibration PSD(power spectral density) during radar transportation.
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Fig. 2 Elevation driving simulation

EEREEEEER A
ae Agsgn.

agS-AA 4

2.2 SHEL} |8 ZtEof Etf_ *fg =X
9 doly TrEe
AN S E8kstaL 9o 1%3&4 _,_74] = 7%

d t}. o
£ AR AF F2Ee & 2o 3 FH9| 94
R ] R B e e L S R R R 1 il
Z|(pinned-pinned) 3= AAHT} gk 4] HA x=
A& 7= 71w A= ZJ_O] LSt 3= sk P&
2zt 2 (1) 2 A @9 2ol AT nk L2 7]
9 Fol, e B4 A, £ 9 23 BRlEo|t
Lg=L (1)
T El
Fa="1s )
= M R A E [Ke Atk a4

7} o] & o] g3lo] f-A|(eigenvalue), I HE](eigen
vector) & AlLHs7] 98 s o s FEEE 21 A <]
SAg F S, A HAel A o] §E= FHa Al
“(load multiplier) A\, = 21 (3)% 2t} A A a4
of AxtE= &5 st ek v Aol g
SAS A @), DA AR g3 £4S 2 (5)d
Z‘“/\] ]’93\1:} FrltlcaIL 1:17"“ O]'_c')—, apphed‘— ‘jﬁﬂ ‘}']}\
ol FFoR A7tH= kol

1= Fcritical
T F

applied

3)
F= Ai [Kg] {u} 4

Connection bolt Large radar

G

S

Drive unit

Linear piston

Fig. 3 Finite element model of large radar

Trans. Korean Soc. Noise Vib. Eng., 34(3) : 339~348, 2024 | 341



Onemook Kim et al.; Structural Safety Analysis of Large Radar Structures with Elevation Drive Units

(A =A41KD (=0 )

[

o) A A ol2)e A 4 W o)t
x| #= 34 (eigenvalue buckling)= ©]-&3}4]

T fulol 23kd UE oy 7xEY I
shoich A2l 400 719 Al HAEE oY
Was 43 5aEe) A WL Fig. 4]

%k R
o & N Ho
mlo_u_,
-

2

2_
D)
lo

ol_oﬂ
A (3)°l Zﬂf\lffL =z Al olgato] Fwrel di
PS¢k A BFEelA T1HA
gefol] whet e v A S2E Hg 4F5Y
< Fig. 5(a)¢F 2tk 719el weh H52o] Fig. 5(a)
9} 7o) 7137—_/;_*3}7(]13} &E’:] w3t 7tAsteR Fig. 5(b)
e} 7ol 60° 71H 7t el A 7 W2 load multi-
plier® eIt} o]i= 60° 719 Aejol A FHael 7}
& FekstH, oS 7|ELo= 2009 ©] ] JJ_ o}
g 27] wiel e dolds 71zl %
Al «loﬂ Ele 3%‘ T Ade F=el s %v‘i'—%l et

i

o

= ol

Table 1 Wind load air properties

Symbol Unit Value
cogfrii%em % ) 12
Area A m"2 4.71
Density o kg/m"3 1.225
Velocity A% m/s 26
Force D N 2340.2

Axial
' Force
' (Right-
Upper)

(Right-

Lower)

Fig. 4 Deformation of large radar
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Table 2 MOS analysis results of large radar by wind

ﬂ Gravitation

L=
Q Frictionless support

Fixed support (DOF = 0)

e

Pitch angle(31°)

=

Roll angle(11.3°)

Fig. 8 Large radar vehicle transportation condition

transport condition

Table 3 MOS analysis results of large

radar in vehicle

load
MOS(roll angle)
Order Component | Material
©°) | (5°) | (10°)
1 Connection A 78.16 | 69.58 | 62.92
bolt 1
Connection
2 ol 2 A 77.06 | 87.16 | 100.58
3 Connection A 17.97 | 1649 | 15.29
bolt 3 : . :
4 Connection A | 1819 | 1992 | 2206
bolt 4 : : :
5 Connection A 45.94 | 43.76 | 41.93
bolt 5 : : :
Connection
6 oli 6 A 4727 | 49.80 | 52.80
Linear piston
7 et B 36.21 | 33.76 | 31.71
g | Limearpiston | p | 535 | 5404 | 5827
(right)
9 | Hinge block 1 B 19.44 | 17.93 | 16.67
10 | Hinge block 2 B 18.75 | 20.44 | 22.51
11 | Hinge block 3 B 58.15 | 58.43 | 43.16
12 | Hinge block 4| B 5875 | 56.83 | 51.08
13 Antenna B 39.09 | 39.36 | 38.32
14 Pipe assembly C 122.21 | 121.95| 122.62
15 | Control unit B 9247 | 85.14 | 79.33
16 | Control unit B 157.70 | 157.12 | 157.74
case
17 Housing B | 1372|1088 | 7.96
assembly
jg | Azimuth angle | 5 2198 | 15.10 | 11.32
drive

344

MOS
Order | Component | Material Roll Pitch
(0°) | angle angle
(113% | 31°)
1 Connection A |163.45] 81.08 | 84.20
bolt 1
Connection
2 ol 2 A [191.14] 407.79 | 94.28
Connection
3 ol 3 A [119.94| 64.76 | 40.21
Connection
4 ot 4 A [11071] 4349 | 40.15
Connection
5 ol 3 A [17530] 64.07 | 39.46
Connection
6 ot 6 A [163.92]156.76 | 42.07
Linear piston
7 (e B 21831 7120 | 55.47
g | Linearpiston | 555551 10039 | 7511
(right)
9 | Hinge block 1 B |391.88| 151.67 | 104.47
10 | Hinge block 2 B |453.17|256.85 | 112.98
11 | Hinge block 3 B |120.95| 68.17 | 140.98
12 | Hinge block 4 | B |121.31| 41.23 | 139.87
13 Antenna B 29.05 | 3047 | 38.79
14 | Pipe assembly C 63.82 | 65.15 73.50
15 | Control unit B 54.65 | 53.16 | 53.76
16 | Control unit B |100.58] 10431 | 9842
case
17 Housing B 40.07 | 28.41 | 25.60
assembly
1g | Azimuth angle | g g 03| 3975 | 3552

drive
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Fig. 10 Main mode of large radar based on effective mass

Trans. Korean Soc. Noise Vib. Eng., 34(3) : 339~348, 2024 | 345



Onemook Kim et al.;

Structural Safety Analysis of Large Radar Structures with Elevation Drive Units

—2 s _ (7
5,5, ZZZ@]AZ Wi (@)S, (o) 0= ) S, @do (12)
j=lU=1m=1
an
o ofelfrElel E/WL ol§3te] T Fo
T WF H7t obd AAR SHE AL gt o MAS A A (13)F o] T 5 gk
PSDS o TiE AT Wele] B A 4 (12)9)
ZE}O] 7"”)1\1'%1—4'(16)- o :¢i¢jC}] (13)
= 70 z
7 500 60 =
3 z
g 400 50 E
£ 300 4"' g
o E
= 30 =
200 ‘ -
| 20
—E&—Transverse
100 Vertical 10
i —+&— Langitudinal
0 || TININATNARNANATHRARTRAL
0 100 200 300 400 500 600 700 8OO 900 1000
Mode number
Fig. 11 Cumulative mass ratio and number of mode shape
Table4 MOS random vibration analysis results of large radar
) MOS(axis)
Order Component Material — -
Longitudinal Transverse Vertical
1 Connection bolt 1 A 8.09 58.27 10.96
2 Connection bolt 2 A 8.55 54.93 9.38
3 Connection bolt 3 A 2.82 12.30 5.48
4 Connection bolt 4 A 2.77 11.24 5.34
5 Connection bolt 5 A 3.94 22.58 7.50
6 Connection bolt 6 A 4.56 21.26 8.39
7 Linear piston(left) B 4.27 32.96 7.95
8 Linear piston(right) B 5.83 32.16 9.54
9 Hinge block 1 B 4.54 28.79 8.32
10 Hinge block 2 B 5.51 28.35 9.53
11 Hinge block 3 B 2.47 12.86 4.67
12 Hinge block 4 B 3.07 14.57 5.63
13 Antenna B 14.65 22.98 8.43
14 Pipe assembly C 38.55 53.32 38.79
15 Control unit B 22.36 11.11 8.07
16 Control unit case B 52.26 23.82 17.85
17 Housing assembly B 1.63 4.55 3.43
18 Azimuth angle drive B 8.00 21.78 10.15
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