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ABSTRACT

The antenna device used in the close-in weapon systems is the primary device for detecting targets
and effectively countering enemy aircraft, anti-ship guided munitions, and close-in maritime terrorist
threats, as well as ensuring survivability in a warfare environment. The antenna device must exhibit
structural integrity and meet the radar performance criteria for warfare operations scenarios that consider
the shock loads from underwater weapons and machine gun fire, as well as general environmental
conditions. To simulate the warfare operating environment for underwater explosion and machine gun
shock loads, the German Navy’s BV043 standard and actual machine gun data were used to convert
the antenna mount response into a time-history signal. This simulation formed the basis for the
development of a finite element analysis model of an antenna device for a ship equipped with
machine guns, and modal analysis and transient response analysis were performed. For shock resistance
analysis, stress-based evaluation of the structure and acceleration-based evaluation of the components
were performed based on the results of the finite element analysis to evaluate the structural integrity
and performance of the radar.
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Fig.1 Schematic diagram of antenna device

628 | Trans. Korean Soc. Noise Vib. Eng., 33(6) : 627~635, 2023



Daekeun Kim et al.; Analysis of Structural Integrity and Performance of Antenna Device under Wartime Shock Loads

wQl wlolE3} ah¢-%, TRMs®| @42 frAlsta v ol F7]A Aol sidat= k2 Table 1] mounting
WA AR} FEo gisiA e AZdE He A%S 4 location 1T gho.2 A|A|g}, 18] Fig. 39] A2t}
&3kl (triangle wave)$} o] Wghe Azt o]E 7p&w gk
SEAPIGEed 54 BEe W FPor  om FAFS 4ola
o1 AA A0l AEo] Z JgFS n|Xx| PG HOoT Fig. 30 Yebd o5 A48 F4549] AR #he
oEe e R eeE, A9 5 st B A (1)~ 4 8)% 2.
25 Il M AeFalitt. wlolE HAle] o]
ole} U x5 Wil dleolw H3Al #le]
of FAE melete] 24 akE Agageh pas @7 0N@ M
g frehea a4 Rl APA] Qaeh SulA e
2 7/dSaL & 1003 884719] 2429k 748 4207 <] b= x 1, ?)
AHoR olFolx o Fig.2% k. !
HFH oz Sty AA7F A IIAA &3
ol F&E = &85 ZAEH] Al 2507 450, fomax 2 3)
X%OZ 22° 71&0lA HAea mdd Ay T @
AAHE W wBoR HE3gnh
t,=0.4xt, “)
2.2 sfM = E4
% Bua B $AG P F2 A4 g Lo Lo
- - . 0 a
o2 5 dre WeA4d 1420 BVo43 S &8 (£ —t;)= —" 22 5)
= 5 = 2= 1.6 x ay X ts
stal Atk BV043 TrAolAM = e E5, v,
o) Al 92, F4 9l Wt 4 37 2=
#(shock response spectrum)= FS AAlSaL A g =% X1 ©6)
ot t)
ty =1, +0.6 X (t;—1,) (7
6xdyx1.05—1.6 Xa, x1;
5= ty ®
1.6 Xa, X1,
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7] v
Table 1 BV043 Shock response spectrum value ! v
| 2
Type of | Direction of | Mounting d, Yy a, E
ship shock location | [mm] | [m/s] | [m/s?] i
I 45 7 | 2820 ~
Vertical 1l 45 6 | 1400 -
Surface 1 55 | 5 | 850
ship
>2000t I 30 6 2500
Transverse 1T 20 3 850
I 50 3 500 Fig.3 BV043 triangle wave
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Fig. 4 BV043 input acceleration in time series
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(a) 1st Mode (b) 2nd Mode (c) 3rd Mode
(d) 4th Mode (e) 5th Mode (f) 6th Mode

Fig. 7 Mode shape of antenna device

Table 2 Result of modal analysis

No. Natural frequency [Hz] Components
1 146.1 Back cover
2 236.0 Radome
3 2553 Supporter
4 255.9 Back cover
5 266.1 Supporter
6 271.7 Back cover

Table 3 Material property of antenna device
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(1?(_}%12?1) 1870 [24935 ()| 0.14 (Y2) | 353.9 ()
2450 (2) | 0.14 (X2) | 400 (2)
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(a) BV043(X) + Machine gun
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(b) BV043(Y) + Machine gun
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087466
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16719
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11148
83622
55765
27008
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2047
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0.017201 Min
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21636
70535
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42332
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14.13
0028455 Min

(c) BV043(Z) + Machine gun

Fig. 8 Stress distribution for shock loads direction

Table 4 Stress-based evaluation

Shock loads Allolwed Max. equiv.
direction Components value stress MOS
[MPa] [MPa]
Radome 40 23 10.7
BVO043 (X) + | ling plate | 310 155 | 123
machine gun
Housing 310 87.7 1.4
Radome 40 23 10.6
BYVO043 (V) | ling plate | 310 210 | 88
machine gun
Housing 310 90.5 1.3
Radome 40 2.6 9.2
BVO43 D)+ 1 ¢ oling plate | 310 25.1 7.2
machine gun
Housing 310 126.9 0.6
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Table 5 Acceleration-based evaluation

17.382 Max
15915
14449
12083
11516
10.05
85835
7172
5.6508
41845 Min

17.316 Max
15753
14191
12620
11.066
95036
7.9411
63797
48162
3.2537 Min

18747 Max
17.082
15418
13754
12,08
10425
27605
7.0081
54317
2.7673 Min

179.22 Max
161.95
144,69
12743
11017
92,905
75643
5838
FARRY:S
22.855 Min

(a) BV043 (X) + machine gun

212.93 Max
19277
17161
15044
128.28
10811
86948
65.784
4462
22.456 Min

(b) BV043 (Y) + machine gun

214,61 Max
194.33
174.05
153.77
13249
1321
92.933
72.653
52.373
32004 Min

(c) BV043 (Z)+ machine gun

Fig.9 Acceleration distribution for shock loads direction

Shock loads Allowed | Max. total

St Components | value | acceleration | MOS

rection
[g] [g]

BV043 (x)+ | TRMS h o =
machine gun Supporter 40 18.3 0.5
BV043 (v)+ | TRMS o e i
machine gun Supporter 40 21.8 0.2
BV043 (2)+ | TRMS . Y 22
machine gun Supporter 40 21.9 0.2

of Av= % FL} 711E =& Al X*%Eﬂb
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