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A Study on Stealth Design for Exterior Equipment Arrangement
Considering the Multi-Bounce Effect
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Abstract : Multiple reflections on exterior equipment with complex shape on naval ships cause unexpectedly high Radar Cross Section (RCS)
distributions, and the directions of reradiated electromagnetic waves are hard to predict. Therefore, the optimum arrangement of exterior equipments
should be considered according to the Radar Absorbing Structure (RAS) method. In this paper, the optimum arrangement for exterior equipments was
determined to reduce multiple reflections and RCS even with complex shapes. The sequential descending arrangement method was used to establish
an optimum arrangement algorithm. An LCS-2 type model was selected for optimum exterior equipment arrangements. In order to reduce
computational cost, RCS distributions and multiple reflection path analysis of exterior equipments was carried out to select exterior equipments for
optimum arrangement, and an optimum arrangement was determined to find positions with minimum RCS values. Also, the RCS reduction effect was

analyzed using detectable radar range.
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Fig. 1. Concept of multi-bounce :

(b) Effective area.

(a) Multi-bounce path,
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Fig. 2. Ratio of decrease in detectable range depending on
RCS.
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Fig. 4. LCS-2 type model and structures.
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Fig. 5. RCS analysis results of LCS-2 type model and front-gun,
Sensor, Radar, SeaRAM where the elevation angles are
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Table 1. RCS mean values of the structures : Front Gun, Sensor,

Radar, SeaRAM
Elv. LCS-2 lg?llrllt Sensor Radar SeK/IRA
(deg) ((ﬁ;;il) RCS ((fBCSSm) (cﬁ;;fn) RCS
(dBsm) (dBsm)
0 2547 | 1932 | 226 1875 | 21.55
1 20.76 8.29 0.56 1793 | 12.28
2 21.82 8.86 239 1405 | 17.93
3 2190 | 14.98 5.89 1404 | 17.86
4 2447 | 1651 5.08 1321 | 21.63
5 2490 | 18.98 7.64 11.67 | 20.24
6 2369 | 15.10 6.13 1133 | 21.91
7 2434 | 2051 6.75 9.79 20.87
8 2478 | 19.39 5.65 1163 | 22.24
9 2423 | 18381 334 8.39 22.04
10 2520 | 17.90 3.97 8.35 22.95
Mean |54 19 17.55 4.84 13.95 | 20.85
value
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Fig. 6. Effective area of equipment with flat plate :(a) Front
gun, (b) Sensor, (c)Radar, (d) SeaRAM.

Table 2. RCS mean values of the structures with flat plate:
Front Gun, Sensor, Radar, SeaRAM

Front Gun Sensor Radar SeaRAM
RCS RCS RCS RCS
(dBsm) (dBsm) (dBsm) (dBsm)
25.02 -11.05 15.23 39.27
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Fig. 7. Reflection path and effective area.
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Fig. 10. Analysis of the sequential arrangement.
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Fig. 11. RCS analysis results of LCS-2 type model and LCS-2
type equipment arrangement model where the elevation
angles are (a) 0° (b) 4°, (c) 8°, (d) 10°.

Table 3. RCS differences between LCS-2 type model, LCS-2 type

equipment arrangement design model and ratio of

decrease in detection range

Elv. LCS-2 LCS-2 Difference Deci!: e

(deg.) (dl:;(S:ISn) (dl}}Csrs;n) (dBsm) detection

range (%)
0 2547 24.95 -0.52 2.95
1 20.76 19.91 -0.85 4.78
2 21.82 20.97 -0.85 4.78
3 21.90 21.10 -0.80 4.50
4 24.47 22.19 -2.28 12.30
5 24.90 23.80 -1.10 6.14
6 23.69 22.65 -1.04 5.81
7 24.34 23.10 -1.24 6.89
8 24.78 24.93 0.15 -0.87
9 24.23 23.56 -0.67 3.78
10 25.20 2342 -1.78 9.74
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