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Novel Extraction Approach of Electromagnetic Scattering for Ideal Discontinuities
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Abstract: The ideal discontinuities existing on the surface of weapons and equipment are of important effect on
the objects’ electromagnetic scattering characteristics. According to the theory of electric field superposition,
and based on the actual discontinuities and carrier, a novel computational approach for the electromagnetic scat-
tering extraction of ideal discontinuities is proposed. And combining this novel approach with darkroom test and
MLFMA (Multilevel Fast Multipole Algorithm), the electromagnetic scattering characteristics of ideal single-
column, multi-column gap and step discontinuities are studied, and the correctness and efficiency of the new ex-
traction approach are verified. The novel computational results show that this approach is not only simple and
efficient, but also possesses consistent computation accuracy with MLFMA, which could fast extract the elec-
tromagnetic scattering characteristics of ideal single and multiple columns discontinuities. Besides, the ideal dis-
continuities have significant effects outside the specular scattering region, especially for the effects of step dis-
continuities, and ideal multi-column scattering also has strong coupling, performed as more scattering peaks,
which are the effects of superposition of each ideal column electromagnetic discontinuities.
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Fig. 2 Electromagnetic discontinuities on stealth tank



238 METEAR

®8H

ZLEFR, FANREERFERERASREA
Fl BfRmAERE AR LR AR EREL
SR BRERE . — 8K, BB g% EE,
RASEEREN S B EERESH, HEH
PAT AR . I AR SCHE BF 5T 2 A8 SR R R Ay
Bror B B b X PAT 2 A i 2 50 B8 SRS B AR
BUN B2 87 ik ol AT R R R

2 BB BREEBHERT

2.1 HEEYX

iR BAn A DTS 4, B L S PR s A Bk
St BA BB BB I AMEEXR, UXE
H B S B N B O LA S ST AR Sk B AR B R
BUM SRR 5 ¥k R SR .

AT ot & 2 LB sk i B AR B BN
A Eows 5 5B S K B AR 8 BU B 58
Eq . ou s BREBRAER BT RN E, curier s HL51 B AR
BRI BIBUST A E.ie » 29 B AE SR G 1 BLST
BN Eqmiien o« RIBEBE GBI, XA 5] 5
E*’i‘-“’ﬁ:

E,, o = E, camrier T E s ideal D
B G, AR B B B B B A
E, et = E,, o — E. carrier 2)
[FI 3 , 2 5| 348 B B 0 B R S R
E, midest = Esym, 011 ™ Es, carri 3

a2 (2) BP ) | 22 B 550 5 B B b o ke O A
B BE B B AR AH 4G 2 550 38 A8 B B B AR i B
B3, #F T F) SR 48 X B 3 A8 8k B B9 RCS (radar
cross section) ; [F] 3 , £ 5| B AH S F& B A7 B 85T
A RCS A AR ER (3 R4F, Fhr L, R (2)Hn
ENEIE S EINSIN 5§73 N R P2 |
Ay TSR R, BIAP IR AR AR ARG . R ~RK
(3) v %t IO B 5 B ke 4 155 s 8% 4% 9 BB B S T A
B BE S B B R AR, EFE R (2) ~R
(3) B, B A B A (S B S5k B 0 5k B 2R 440D B4 4 o
BRE—, AHERR T %,

SRR B 21T 0 A X 2R £ ) AR Bk
W B b7 A BT R 3 » BT ER e 7 2K B R 2.5 A8 B
FRERGEMEERSE.,

M
Es.m,ideal = E Es.ideal,i (4)
i=1

R E,ieat,: 8 25 I B BRFE 55 7 A B3] B A8 R
R B s M Ok 255 38 AR B s I 5 58
X R — A5 A 7 1, HB A 5 T
B @K . BT & 55 A G R BT i 2R R
¥—2, 0 T AR R AR, B3 AR B G B
A RRE R, B HRS R =1, KRB HE
B B S 37 U T A AR 4R A X A A AL B R
E, itent,i = GE ; ident, € (%)

Ao g ="d sing. d, K i 55 1 I GEREZ

) B BE RS » o O B BRI A, A O A B R R
Ksa, HE i« A H5) B G RSB, B o=
L/l A% A BRI ARG .

g A (2) ~ 3 (4) 15 2 AR Bk B B A R 5
J& ARG H RCS, BpiE i MLFMA J5ikit & H
Bk A0 B SR Sk B AR R BUN KRG 25 B8
S 8 B BOR A PR AT | K (23R i

&, £ e SR B AnBUR Rk B R BCR B
Mk OE#HE XN GELREMHBRE. @
Ik 2 (O AP 5k B An B DR
BE& X HERE,

HEENITEAMEREC S H MLFMA S5
BUE B3R5 BAR I £ 5 52 Fr 6k B B AR B9 BUR
G, B BB R TR SK PR R AR S XA ]
B A [ #E5) 5 AR BAE gk B, R EHE L
MLFMA k45 5 Fr 8k B B 7 89 BUSH R 5, T 5E B
EZ P LB EkEE MBS R ERBEEFE S AR
KItEH LR TSR, REREREERR
Bk o TR H kR B ARG BN B 5 52 B Bk B
A B BT R 3, BB A AT BT RS £ 9 AR sk
B B BUR A A 5 R R B P (LR — IR SRR
H A X Bz B3 5K o gk B B A B B4 1R
BOE B i 25 50 38 A8 5k s 5@ A K (4) PR SR
WA ZFNE oA Ty R R, BT BRI AR
JOZ 25 5| 52 o B » T KW 15 293 SR ]

2.2 HERESW

AXRBITERNREEBQE ORE . LR
Sk B AR B BUR S T BN B s O X T £ 9 B AR gk
B 5 SR R TRD 38 0 vk i, .50 B A8 sk s H A B 3R OB
BEXHH RS RN EMEK

RESN A BEWME 3 fi, P ZE#uRE5)



28

XA B GRG B bR U R R AR R T 239

K PrAEBR » 1 38 2 FN LB B B R AEBR B .

| R skt HRBCE i |

e SN W R R el R S RS B e e e

B3 REATZEE

Fig. 3 Schematic diagram of errors analysis

M 3 AT LA H - 32 B A5 B AR s B B, & 7
AL BREERE WO RT R A g,

REERIRE, Wt R B e, BLR
B RSB RIONE.

3 HEAZERYERIE

XHF MRS RE, R AR S I sk
B RSB A E B SIS A & B A BT R X R B
TEAR SCHTHE 4047 vk B0 XE B 4 3 %o ke B 0 A 4
HETAN . RTHELE BERMESHETEY
BB AR, ZIRAPGEESRT
AR AR BH ERRA, FERZE T #HFT RCS
W, @8 T 38 I K % B ok B E 42 B 5 ¥ B IE B
Mo W E AN IR R R K T e
i o [F) Bk X8 SCHR B D B B Bk M IR 1 B D 0% A G
8> WA TE B O —90°~90°, 3+ 5B 5 W RS R K
—3.
P T B AR Bk B 5F A KPR AR TR, BAE HOT B4R
AE B MR AT AT PR 5 vk - © e T BRAR gk s AT el 2
(2B G)RH , R, 52 Pk g AT i 3K (2) B
3R, A T HATRAE » B 5o b BRI .5 52 gk
W 38 3 2K (2) SR A5 B 50 B AR sk s O » B K (D)
RAG=F|EAE GRS B, R EL K (3 BE =7
K PRukbE B AR BN, 5 B =X WS R MLFMA
HET RS R, Bk A 35 ¥ B IE 5 4 5
@4 AR A 2.1 75w £ 5 AR 5k B RS SR A B R
FJr et R =5 AR sk K B Aw BUA 5 BEAT XTI
B 9E 75 ¥R B IE B

3.1 HEXUERTLL

MTFEFEMskEERCGNE 3 ARG E, H
BE 60 mm,£ BB EK 400 mm, S E 1 mm, 5t
W HARE 5 mm), ASHRER 10 GHz, K k4L
T BB, MLEMA 55583300 o H 24 R

B T T e T IY (LT . PN oy
ol b o R 4 B Tel | —pai ey Do v e B B i an 7oy = G
GRS o) i IRl s TV IR IO AR R EE e e T R A

E1Pw.

9]
o
T

RCS/dBsm
)
(=] (e}
- .

s i) 2 mieR . e orreE mpe I b ik ek i

90 -60 -30 0 30 60 90
AN

B4 =MHBRERMH

Fig.4 Comparison of the three methods’ results

®1 =MFk RCSERYE
Table 1 RCS average values of three methods

BAfT ;dBsm
RCS B AR#HH
RS
—15°~15° 15°~60° 60°~90° £ "\
REER 14,5277 —10.0626 —14.3609 6.816 9
MLFMA 13.5222 —10.1290 —15.5099 5.8611
EXH B 14,5233 —11.2103 —15.9133 6.869 7

ME 4 AT PLE W AT RS R SR
HER . MLFMA B RY) SR, &K G H &
A =Rk R A AL E RIS E R,
BUE T A< SCHRAR G FE B R M R BT B M R A 4
EREBRMNEE, LI HABZHN, AT &,
MLFMA 7ESHARERVBAY S T, F 2
AR ETEMAEY &% EF XM AR L, &
XA MLFMA 7 +£15°, £30°, £48° £
KRERASABERES  HE—PRAF TR
BB R s T AE £ 75° B B 0 i Of , TR AP T Rl
EABG, SRBMEAAHRAZR, EFRERXRS
REKAEFEBRDBS . BB HEAXRTERS
MLFMA Jris R th R e B A —2, [Ff, MLF-



240 METEAR

®8H

MA 75 BN & B KW THE R, 4
XHBEMEFFERKE R EME,

MELIADER =M FEENNABEARE
AREYMEEXREE, kg — 15~ 15° H H,
MLFMA FESRBIRER K. 1.005 5 dB. i
AXTEERREGREX -H REZH
0.004 4 dB,3 BI 7£ % A 3, G Bz 48 T #8051 X 380
L TRFp T IR ZH7E 2 dB LN 7E 15°~60° /1%,
W,oMLFMA 55 AX T ESRBESERNRES
H1250.066 4,1.147 7 dB, E i &k & #H Y & % F
60°~90° A 35, , 2 A 3 — R X L B T o5 B AR Y e
THREREE, A E T ESRRSERNIRER
1.149 0,1.552 4 dB, 454 RCS Hh&R /v . XM
b 7 B 3 BB AR R B IR AT RO B R 5 T X 2 B
REMBE, =M TERERKKH: 6. 816 9,
5.8611.6.869 7 dBsm, A3 & ¥ .MLFMA JF
5B RNIRES 80,052 8,0. 955 8 dB,
2% LT, & A3 RCS BAR 1 B 4 3 5 &
5RBERYAME, HS MLFMA F %G E
HEA—F,

3.2 PMMARHESERILL

R T #—FRAE T RN EH Y, B ERIERNE
W BE, L=548B2 0 B AR R I =5 55 br 42 B SR IG
Hiw, & 5 fr, 5 EE 30 mm, 2453 mm,
£ 200 mm, HERER & Wt Bz .

Ho5 =35I etE RS EE
Fig.5 Schematic diagram of three-column

gap discontinuities

SrAIRA 2. 175 250 4% B 3 AR Gk B RO A
HBEMEEE TESERNE 6 fin, 20 HE
GiRWME 2 P,

20

[ERERPR
= o AL

RCS/dBsm

-60 L
-90 -60 -30

0 30 60 90
AN

B 6 FABEEFM I RCS f& N L
Fig. 6 Comparison RCS curves of two methods’

results for ideal discontinuity

K2 BRMIE RCSERYE
Table 2 The RCS average values of two methods

BAfT ;dBsm
RCS B AR#HH
RS
—15°~15° 15°~60° 60°~90° £ "\
HER —19.7630 —18.7572 —16.1766 —17.7975
5373 —18.2571 —19.8812 —14.8908 —17.4379

ME 6 7] LLE W AU I B iR F e e vk
BRI BB R BRI —
HESEMAREMKE KA BEEATS,(UE
T6OAMEA R/ D ER  EXEAEENITER
U B B — B B AE T SRR 5 B E B .

MZE 2 LE Y . BB 5 REEEE A A5
W EARYBERKIRZE S 5K 1.505 9.1, 124 0,
1.285 8,0.359 6 dB,RE¥/NF 2 dB, KHAHE
FERABHERMEH Y&,

4 HBRIFEGREEIFEST
4.1 HIIBFEER

ISR i 5 Fra) M & B GniE 3 7 B B
) R B, B ST B 5 JH AR 4% B A0 6 B B R R ST
¥, ASHRZER K10 GHz, K ARk, SR HN4E B .
P 6 Wi 32 ik b 5 AR SRR ) RCS TR 4k 2
FaE 7~ 8 Brn.



28

XA B GRG B bR U R R AR R T 241

40

b B

- - AR

RCS/dBsm

-40

1 1
-90 -60 -30 30 60 90

0
AN

B 7 HFisEmHKE RCSIHTE ML

Fig. 7 RCS curves of single-column gap discontinuity

40

bR s
- o - L

RCS/dBsm

-40
90 -60 30 0 30 60 90
NI

B8 HZFj& G RCSIHTE ML

Fig. 8 RCS curves of single-column step discontinuity

MW 7 W LLE o T AR R B AR S, H
RCS IR TEA S N L 75° AR £F — UK
W , 2% BRTE % A 3 _E AT BB R BB 5 ] A, B
THEEBRAE L 60 MM W EA VR, T 5K br 48 B 5k
I3 ) U 7E £ 20° £ 30 D P9 77 76 B0 Y B T A
% B 2 A 4 I gk s o B AL B SRR AE £ 30° A 3R
S HBEEA B, T AR+ 30° A R E RN B A
St S FE A S A1 o 2 A8 Bk I 0 S B 5k B ) TS b 4R
EAESR.

B 8 T LUE Hi - 5558 B gk e BUR AL AR R 40
Xt T B3 5 B 5k H AR, AR 6 B sk 7E 1+ 30° A
B AT 2R 28, L AR gk s 0 S B 5k B R
F A — B0, R B I XS AR ) R R e 55 5 T 7 R T
BUR X 38 P9 B AE & B Gk M b 52 B ik B BT 55 . H
HEXT R 2250 T B A SR B AN SE PR 4 B, BP AR B B
S 8 B BUN R A SR T, B 3 A G T B
BARE.

4.2 Z5IHMEELR

LR L5 & By (B [ BE 45 2 30 F1 60
mm) B 5 By Gk B 5 2 AR Bk S B9 RCS i 2% 43 51 40
B 9~ 10 fr7m .

40

S B
20+ = === PR

oF

RCS/dBsm

-20

40 F ’

-60
-90 -60 -30 0 30 60 90

ANIHAAC)

B9 Z=FI4EBRGRKE RCS B HiLk

Fig. 9 RCS curves of three-column gap discontinuities

40

SR
ol - o = A

oF

RCS/dBsm

-20

40

-60

1 1
-90 -60 -30 30 60 90

0
ANAHC)
H10 =Fi&EErGkE RCSIHHE MR
Fig. 10 RCS curves of three-column

step discontinuities

M 9~ 10 7] LLF i - £ 51 3 A8 3k BE A1 52
Prokia RIS B PISE ALK R BT EREE
A A 3B 5 BP £ 107 MR Z 51, 250 sk I B9 AT 3
B 4o 82 i 28805 0 1L 23 AL 5k s 1 52 B 5k s ) K
ST ARTE R XA B AR E G R0, BT 558t
BUM T DU MR R 13 U SRt B i B BB UR 7E i
Ko A ARG POEFNBIAT , B A& 5 Sk B 7R A A
ERARBINMR, X — K525 5EE AR ; 48 5
S 5 6 B Bk K B [ BE A 6] R 6 BOIE R  R ]
=5 G Hrif i3 &, 7 B[R] BE AR K38 0 T ik s 1B
RORE-B T BE 5 55 5 50 ik s ML A 10, B AEL 5 B o5k



242 METEAR

®8H

O 7 5 T O A SRR (0 B LI S DR B
5 &

(1) FSCRFEHRBBEE S TR U ETR
IR e B, 48 H—F T 20 b BRAR H R R )
IR ¥k 5 LA S R 48 B kI L 6 B kB B b o X
8,4 5= WA . MLFMA B({E 84 2, BiE
TRERGT ERERENERME, REHHE 2 dB
P,

(2) RAASCHR H B R BUR 7 ¥k, #1507 348
SEbR EHAE & sk e OBUN FR i, SRR B AR Bk
I %ok 52 B 5k I ) BB W 2 ) B R P A R T B
5t IR IRA » 7 2 X 4 » 2R AEL gk 9 0 S o gk I 0 T
By £ 2R A — 205 T 7 5% T BT X 30 P 5 5K s sk s
TP B8 TR, (B K R & B A X T4
BRI E

(3) Xt F 5wk ke B bx » BRAR i B A 52 B 5k S
T % T BUN X AMEE » [F] i A8 & B S b Xt 68
BT B 52 0 e 2L A S B Bk M O R S R T R T R
R BB EME R FEV BB ER, X
IO Ay 4% 5] 4 B 7 A D2 I B IR

B 3k

[1] &% YAHBFEAIML R fizT Lk hKR
i, 2013.

Sang Jianhua. Low-observable technologies of aircraft{ M].
Beijing: Aviation Industry Press, 2013. (in Chinese)

[2] RE4E, kTR, EF. K RCSCTHRABHRHERE

). #iZ=TEHRE, 2012, 3(3); 257-262.
Sang Jianhua, Zhang Zongbin, Wang Shuo. Research on
the radar cross section of weak scatters on stealth vehicle
[J]. Advanses on Aeronautical Science and Engineering,
2012, 3(3): 257-262. (in Chinese)

[3] #Wsk, MNRE. CIATHREHERE WA FEMRLL

Rz 24, 2008, 29(3): 675-680.
Huang Peilin, Liu Zhanhe. Research on electromagnetic
scattering characteristics of slits on aircraft[J]. Acta Aero-
nautica et Astronautica Sinica, 2008, 29(3): 675-680. (in
Chinese)

[4] SEEE, RE, Y28, F IHRERTLENEELE R
FHEMREMII] BEAEMRKEFIR, 2014, 46(4):
567-572.

Chai Jianzhong, Gao Xu, Liu Xueqiang, et al. Effect of

gaps in different surfaces on radar target characteristic[J].

[5]

£6]

7]

(el

L9l

[10]

[11]

[12]

[13]

[14]

Journal of Nanjing University of Aeronautics & Astronau-
tics, 2014, 46(4); 567-572. (in Chinese)

REPy, FH#, TXER. CATARGHAE BRI R 0 BF
FO]. bR R K FEER, 1999, 25(1). 99-102.
Zhu Jinsong, Yu Yang, Wang Baofa. Research on electro-
magnetic scattering for aircraft st ructural slot[J]. Journal
of Beijing University of Aeronautics and Astronautics,
1999, 25(1): 99-102. (in Chinese)

i, XA, BET/94T BT B BT R R BB B 5T
0J]. fizZ 4R, 2009, 30(5): 912-918.

Huang Peilin, Liu Zhanhe, Experimental research on scat-
tering characteristics of bolt/rivet objects[J]. Acta Aero-
nautica et Astronautica Sinica, 2009, 30(5).: 912-918. (in
Chinese)

ELE, HR, TER. DETEEXN % SRAMFEREH
BRI B AHI]. FAMEM|, 2005, 26(1): 90-93.

Li Jianghai, Sun Qin, Ma Yu’e. The analysis of influence
of rivets’ space to stealth property of 2D SRAM skin[]J].
Journal of Astronautics, 2005, 26(1): 90-93. (in Chinese)
HIRR, EER. WERSBE - NMTREBELODSHESE
EA L] RRETE SR THA, 2000, 25(7), 37-39.
Niu Baoqiang, Wang Baofa. Analysis on the radar scatter-
ing for the boss at the position of the metal-medium connec-
tion of aircraft cabin[J]. Systems Engineering and Elec-
tronics, 2000, 25(7): 37-39. (in Chinese)

XA, B, BB REAESERE S BATRE KR
BRFRI]. a2, 2009, 3012); 2322-2327.

Liu Zhanhe, Huang Peilin, Gao Xu. Experimental research
on bistatic scattering characteristics of surface discontinui-
ties character[J]. Acta Aeronautica et Astronautica Sinica,
2009, 30(12): 2322-2327. (in Chinese)

HER, KEK, hTE. RS EBBA R ER
MBI PSSR, 2005, 26(4); 422-425.

Huang Aifeng, Yu Xiongging, Yao Weixing. Numerical
simulation of electromagnetic scattering for wing structures
with low observability[J]. Acta Aeronautica et Astronauti-
ca Sinica, 2005, 26(4): 422-425. (in Chinese)

Yue KZ, Liu WL, Ji] Z, et al. Numerical simulation of
RCS for carrier electronic warfare airplanes[J]. Chinese
Journal of Aeronautics, 2015, 28(2): 545-555.

Perino A, Orta R, Barla G. Wave propagation in discontin-
uous media by the scattering matrix method[J]. Rock Me-
chanics and Rock Engineering, 2012, 45(5): 901-908.
Yomogida K, Benites R. Scattering of seismic waves by
cracks with the boundary integral method[J]. Advances in
Aeronautical Science and Engineering, 2002,159(7): 1771-
1789.

XRAE. AWK, RYE. MLFMA ST RE A ESERFER
SIREL]. BB Tk K2R, 2009, 32(9): 1430-1435.
Liu Zhanhe, Huang Peilin, Wu Zhe. Analysis of scattering
characteristics of surface discrete characters with MLFMA

[J]. Journal of Hefei University of Technology, 2009, 32



28

XA B GRG B bR U R R AR R T 243

[15]

(18]

[17]

(18]

[19]

(9): 1430-1435. (in Chinese)

Liu Z H, Huang P L, Gao X, et al. Multi-frequency RCS
reduction characteristics of shape stealth with MLFMA with
improved MMN[]]. Chinese Journal of Aeronautics, 2010,
23(3): 327-333.

Liu Z H, Huang P L, Wu Z, et al. Improvement and per-
formance of parallel multilevel fast multipole algorithm[]J].
Journal of Systems Engineering and Electronics, 2011, 22
(1): 164-169.

JiJ Z, Huang P L. Series expansion feasibility of singular
integral in method of moments[J]. Journal of Systems En-
gineering and Electronics, 2014, 25(3): 386-392.

FE, FE. AT RE B SR E SR Ak B
001, Mz stRedR, 2003, 23(2), 51-55.

Sang Jianhua, Zhou Hai. The electromagnetic discontinui-
ties of the aircraft surface and an application of the radar ab-
sorbing materials[J]. Journal of Aeronautical Materials,
2003, 23(2): 51-55. (in Chinese)

FRE, HER, ARK, & BHREBEMRRESRE
[J]. pEHRIFERE, 2013, 32(8); 487-491.

Chen Haiyan, Xie Jianliang, Zhou Peiheng, et al. Research
progress of repairing materials of electromagnetic disconti-
nuities[ J]. Materials China, 2013, 32(8): 487-491. (in
Chinese)

fEEE I

MEEATT—) B WL, B, EEMATE: WTHRS
Bt WRARITE.

EBRB (1982, 8, B+ . RETEM. TEHATE: N

BB E| I,

E W91, LB ¥, EEWAT . CTHE
it RAEMLET .

WEHA82—), B WL, B, EEMATE: WITHRH
Bt S BT,

BHRA75—),. 8, Mt BIEE. TEWATE: WITHR
BRI RILB &I

(4B DX F)



	2017第2期.pdf



