Hi53% 55 341
201345 H

X % ® I XK ¥ F R
Journal of Dalian University of Technology

Vol. 53, No. 3
May 2 0 1 3

XEHS: 1000-8608(2013)03-0390-07

PO 3o P15 AT i i B B LA 5 W

<) VA

(KEBI ¥ BRTREAESH BMTEEE. 1T A%

A+ o fFE, 3t B3|

116024 )

WE: #A A EENEARA R AEYNEAMA M EREERE. SEHTHPELR
R EEAEL ERFENFREMNEM T, LR N\L A AR g E R
HEELDHNUBRBMEE AN T AT AT RCOFEAME . FHE. B UM FHMEULAT
RCS I Rty 2 4 AN 54T A B AT B 23 AT AT Aok 09 4R 4E 5 304 b, R 30 F R 4547
A ERFAH SN R E AT R E R FAERA LB RO E RIS
RCS T A o A7 B A — 5 oy A7 LM, B B 45 3R % W 4T X 4R 4E A JE o RCS 1E b 2 T ey,

KR MAEAT; FLARBRE:; R Rt R ER®

FESZES: TNISS. 93

NEAREE: A

0o Hl

BEE AR R 2R 2D B B M O BT i
FURAR 4 R B9 5 Il 22— fl T 7 A RN 2 Y i
K TET R A8 B T I ) e B B, AR O T
F B8 A= A BE I N BT RE 0 ARAIEROR B9 AR
BEXS LS B9 SN 4T R A B B vt R R R
(4. LA ST B I8 B B i J2 i o ok i R0 Rl R
I DA IR o A I AT O A 7 J28 1 DX s P ) 7 3K
B #1H (radar cross section, RCS) , H: AR i J& — 4>
RCS e it 2t

Mo 25 G2 — Ak T A B9 die v o2 ] IR 4
AN 7 1 R o S 1 S TNy AR =t
S IR A 5 B TR 3 I A B R L B A A e
FEAEAKFZ B MEAr R T RE - AR AR K
(0B IR BT, PR 0 AT X S A R e i AT AN B &R
SRR B AT AR SR, — A B O TR A
FEABEFEXS G, 43 0 LA [6) (8 DAk Am HEAVE S H B e
B R T A A 3t 4% SR X HEAT AME B & Ak
75 B A [ B B PA B v N MEAT Y e DL B335 .

1 &% RCS il 5

M AT J AR R~ — J8 378 KXo A A 28 4 7o 0 A
TR H LA RCS 1188 T 55 55 X ] 3.

KRB . 2012-02-13; {EEIHHA: 2013-01-15.
EE&TEH: HFARFB¥IEESEIIHE (51079027).

HY TR AL A B R A BR A L 28 Bk
R 3 R A A B 2 A TR AR TS A 2 R R
(1A, DRI A A 78 K T A R s S R T
TR L 38 TR F PR 2 W 53 s (FMIMD) B8 g5 48 3
0L 77 7k HEA T SR it

5RATERA PSR 2 A B 22 1 S T 6T
BT B B R B N L PR A S B X A T Y
i B B M BB R AT I 5. DR 2 M B A T B L
RCS W} 72K B A7 i 8, (B 45 H F Bl RCS 3
S T IO AN A S o A 0 200 B R T B 3R T PR U
Oy A A 2 H bR B RCS YT R R
KA B AR S A A5, AR SOk B AT
B B DG Ak T AT RCS SR THE R
() L BRI BF & 8 FEKO .

YRR 22 e 3 09 & A Stratton-Chu
B S 28 3 B AR IR v A A 1 e 3 D B L A
SR fife 2 TR VT FRL O PoF 22 W T %0 43 B R 9 =2 (1]
F1R) K 5 W) [R) B 49 B Y 2 9 R S F T B 1 v
DX I SR R B 32 DX I 3 1 R 2, G R 3 — T ek
BN G T RS A B 52 XL % T sl %R &
Xt H AR = AR BUR BTk, X RE RCS (9R fif o 72 3 2
W KA. X AR A, YA S I A SR R
Wiy R R R E LGS 1) S A

EE®EN: B R (1975-) . % i+, @I B #% . E-mail : yangyanghit@ yahoo. com. cn.



%3

W e A H A KA F LR S R 391

Kt b AT BURT S R B B ) Bk
Blar ikl
j2kE,¢

kR
s . jkre (i—s)
E TR Lsx[sx(nx h) Je ds

(D
KA k= w/pe o Fle 23 BB G S AN
FL 005 s S IO O ) B B K ks n O S THT B9 A1
PR A r R T S KR E K R NI
P, L S D RAFIR N
FEAL T AT 158 RCSCHAT S o) SF 7 AR A9 4 5
kAR

Jo =—] J%an X e X he™TYdS  (2)
U e SRy A e M 4K T 1) A BT 4% L LR
BT R A T T T X Y o SRR B R AR B
B SF-J5 s RO e A U AR TE XA A E T 0. 4
HOG LA 5 SR VAL B R (Y ih SR T 4 L (1
Xt A T3 by T A 45 A A T 2 S e R AL
SR L 3G B85 T 7 L /N ) B 2 1
R ER.

2 R By VEGE VE AN br i

FURE 6 AT RCS — fi Fifl B 35 600 B b5 189 7 2
£ BRI S AR Ak DR e EAS AR RCS 145
JE—MEAFE A AL H RT7E A AT R R B
RERT T FH A AR HEA - R AT 25 BV X3y RCS TH
UMY o0 e RAA o » AT # BF 2K 4G 0 1)
THIMER Py MK T o, BIBER PL5 . AR SO X 86
AR 8 b5 5| AR AT 55 35 B B PR RE DA .
2.1 XL RCS Be KAl
HARLE B X IR RCS e KA G » ST 1Y
JE HARAE T B A R R £ B2 B )7 A= 04 [ 0 58 B
Hp
Omax = mMax( o0,y 0n) (3)
L. N B X A RCS FHE BB X R 7
Y AP A R 5 ) A L A T B e 2 T
JEHR X P B B B A At £ B 7Y RCS 23 A3 15 L.
2.2 BRI P RCS ¥ {E
H B PEAN AT i 9 Be B P B A i T A s oy
H AR TE U IXCIR N RCS -394, H
o= avg(oys0, 5" s 00) @)
TXRR P B o ) PG A2 T AR A R R
] S Bt H AR 7R JEUE X3 P RCS 2 1R 43 A 15 B » Bk
MU0 T RCS 18 B X B 43 A BLEE.

2.3 A ISARING PR
HE BRSO L HAR RCS BEJ7 248 1)
3 AT E RS AT LUK A 32 F bR BT X L6 4 A
AR A IRUE.
AR TT A DT LA T o X R A9
AL R,

B P.G* )Xo
Ra = (47)° KT, BFLR' (5)

K. P R D) 385 G R R 25 5 A O FL G D%
Pk R ABIRZEHEFT 1.38 X107 J/K;
To HABREE % T 290 Ks B Rl 5 ; F o ME A
FHG L RIS,
R R BN £ BE TR 1Y o T X Y
By o T R A U AR SR AT AR IR A A
Py = P/UTRa (6)
b Py A 5. 45 O 60 A T SR AR 0 4
WS Py AR A B A 9 7 3 46 00 ) ~F 34 2%
Py.
DN Rl EREOE TR SSAC kS N W ER N
(0 B B PEBE. B R TR R A R e L R AR R
CIR il A RN N S TE I E S
2.4 KT o.fflE%
SHEUNRS B OUAEOR allE 7R S N ES TSI
Moo KT HE— B i, H & SRR 2 T 38 s i
MUNF X —BUE R & B R AR ARG, B, ]
DIRRHE 12 ¢ R M & E — 8 4 1 o, 2 B A5 ofIK
T X AME R AR B FRAS 5 5 & B 5 > Tk ME
BN HbR 25 2 8 & . X MEFR R o.. HiR
TERUR XN 6 KT oo BRI P, KR, B
P, = n(6=0.)/N (7)
X:n(o=6.) N o KT o WITALMAADEL. HER
() P, BN 7R 1% H bR 8RR I8 & . P, B
SRR P R AEL 5 R 5 A K R L
L RE by Bz e B B 35 T ) 8 5 S AT SR L B
MR o, B EA — W WM, H R ILgA—E
W —.

3 R e Bk

XER [ A R A FE RCS 43 1 1 B 47 fd]
Bl AR X 4 b H bR ek BCER AR B 2
A S R e AIE A . — M4 B A D7 3k AR A PR UE AT
B 42 )Ry B AL A SO SCHE T Matlab SF G495 T
FI 3 35 A R AR A AT TR A B B Ik, i
PSR A L T 16 5 A AT I 45 IR B0 A A AL




392 X #E ¥ T

X

¥ ¥ # 453 %

i B A R 2 R P AT PR A R L AR I
B T ikt 2 748 BRI 20 W6 R 14 (A1 )

HT T 58 SUMRE 3 R S MR 3R 414 30 % 2 2 i gt 1
SEUEAT 9 ML RE Y G B A [ A A A 1] AL, —
FCAR X 5 5 LT A 1] ALY e A fEL o R AT
B, R SCH TS e R Sk P S U P R
SRR P, RIS A SR R AT .

k( max >/( max avg>; > avg
{lf D/ = £ o f>

c

k? ;f< favg

k( .max_ ) ( .max_ .av) H .,> 'av
Pm{sf D/t Jave f., f.g(9)

k4 ;f <favg

s S AZACHEA I fe G B EAE 5 o NTZ
AR A B - X385 157 A 5 f Sl 58 U A 1R T 8%
KA 3T LA 5 £ 078 5 A 38 B B (B s by ks
ks FI Ry R L AEAS SCHY A3 HIEE R 0. 5.0, 9,
0. 02 1 0. 05.

AR S 5 5 A% TR O R R I B, RUTY R
T AR R T AE T R B A e T X
PR AT A 1 JL AT R~ AT 29 oL 3 st A Sk A
T B R N A U A R A T R TR BE AT LA A%
PEREI X AN T AT Y 3 Rk i AT A 22 T AT, A
I N s AR SRR R N 1 TR,

IR BRA

AR A SR R
HEAEE N

RAMEEN
BEAL™ 4 B4R

| A5, SR BEREY |

| 3T g AR |
[irmiamats |—— (EHEF )
Bl BEMRERERE

Fig. 1 Adaptive genetic algorithms process
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Fig. 3 Front view of mast model




W e A H A KA F LR S R 393

53
|~5000 | G
8 ERio
D
_° €
7%00
1250 §,

B4 MHAAREEAE

Fig. 4 Top view of mast model
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Fig. 5 Distribution diagram in the top of mast
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Radar stealth optimization analyses of closed-wide mast of warship

YANG Yang®. DU Xiao-jia, HONG Ming

( Department of Naval Architecture, Faculty of Vehicle Engineering and Mechanics,
Dalian University of Technology, Dalian 116024, China )

Abstract: As an important source of radar reflection, mast will directly affect the stealth performance
of overall warship, so stealth shape optimized design aiming at mast is very significant. Based on the
typical radar detection conditions, an octagon closed-wide mast is taken as the stealth design model.
Using the adaptive genetic algorithm, the mast is optimized with the objective functions which are
respectively made by four existing criteria, including the maximum and average radar cross section
(RCS) within the threat area, the average probability of radar detection and the probability greater
than the critical RCS, and the comparative analyses of optimal mast design in every criterion are put
forward. Every optimal mast design in every criterion has a better radar stealth performance, and the
RCS distribution of each optimal design has a certain similarity. The experimental results also indicate

that the optimization of the RCS of characteristic angle of mast is invalid.

Key words: warship mast; radar cross section; stealth; optimization; genetic algorithm



