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Study of the shaping reflector for side-fed offset
cassegrain antennas
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( Research Inst. of Antennas and EM Scattering, Xidian Univ. , Xi‘an 710071, China)

Abstract: To improve the wide-angle scanning properties of the satellite antenna, we concentrate on the
shaping of the main reflector of the Side-Fed Offset Cassegrain ( SFOC) antenna by the method of the ray tracing
and the idea of the optimization. In the process of reflector shaping, in order to enhance the flexibility of the
expression for the reflector, a two-dimensional cubic B-spline is used to approach the reflector surface according
to the initial data. Then, taking the rays’ paths which are equal from every feed to corresponding apertures as
the optimization objective, the interprolation data points for the spline function are adjusted with Powell's direct
method, and in this way, the shaped reflector surface is obtained. The analytical results indicate that the 1-D
and 2-D gain degradations of the SFOC antenna due to the aberration are reduced remarkably, and thus the
wide-angle scanning properties of the SFOC is improved.

Key Words: satellite antenna;ray tracing; reflector shaping; B-spline

RETERERBIGER FEMGRXXPRARH—RRE" AN ETRER S, NAER
Z. iR/ EBRE R RS MR RK, - ERRE TEENROH— I PIRRE. LR LR,
Bit L AFFES TEREAALY 17°( £8.5°) BMAHEE S  BELRMAMBI+, RN FILE
B B E IR LA R B iR 22, BERR AR R HTE BRI 20°( £10°) ). b, B F1 5 A BE 98
R ETERL S O RAENR N R R < BERM, B WA LB RS RET BRI, AR %
BRI TR RO, EH LBRE MR (SFOC) RED- ”ﬂﬂlﬂf?{ﬁ% 15 SR BR B T
%@ A BB R M R A E T TR BT

1 5 SFOC RELHIE AR
B 1 2 SFOC REEESLXIBRE P 454, T T o HE % 0 1 (SRE ) , T e X0 ol 7 (S0

YR H 1 :2004-08-22
BEWA  HH ARBEE S YERIT H (60171045) ; RESBBEHARELA LR EFLSFHI A AT BREHFEITRBIE

EE WA DK (1976-) B, Bl RBFRBE A I RA.



542 HEEFHEXFFRHRMFIR) %32 %

J92C) , W E LA A S MY ENESHES, ZHX . B |
WEIeh w —p. HITER R, RIS T ERIEA L
AR R, FEARRREARBEERYENER . B x5

Jo L R BRI , v, S0 B AR A ; B A AR R B % >
P Ot T G 2 A o 2, 8 X T 0 X R, L\ >
WA EEE, =0 WTE L NREEERN ) \

D, EERE SN0, FRBFALME, FRETFIEE m |
i LB | R s RSN MR FE—
FUA R SRR B RIS B R AR e,
FFIURAE R AT RN WA U R AL RAR IR

i

I

kHmERENEMEmHRS.

2 SFOC M St K e i B it i

B ARAE S HALRE, RRTERFE T
AR N

C=¢¢666 , (1) B 1 44 SFOC REMBRELH

R G, WEHE R M SE,C, = 4nA/A* A RTHAEN(0,9) =(0°,0°) i, ER S EAE O RZE
B ER s, HRBHNRHRE, 5, = P/P,,P, WP, 550 RIEE S 2R 51 1 _E B 2h R AR IR #
B, WRANBEERE, 6, = S/A,S ARFERHAET, ERAEEAMO2E LHREER; -,
WRLB M ORI e, MEEFEAREARMOBHE EORAHRE ST NREE T RIFERE
RN ERE, MR REN RS, YRR REEE LM E TSN, s BN ERHH
e FHS O BT E AR E AR T AT K & WERRSHRE TENEE i BREAR
o, i N S mARA R M R G, “JFE B RSB KRB RRSER, M, B E EA T EEER N
¥ — A SRR PY (i =1,2, M55 =1,2,- N) , RIGRIXUE1K B #E 5k bR 005X Lo 30 U AT 4
{E:‘éﬁ,aﬂéﬁfm#%éﬁﬁmﬂt‘%ﬁﬁ Foh, B FEMRIE BT, B TE 54 5 f BRI IR
BB, HiE BRI E R, T RRE B ERS, MRS MR B B E 5 & 7 13 LN 5
BAE.

B & MEIE (RS E MRRTE) KR, 2B E R BA X E RS P B EE RS
AR O 2T B LY. TR, TE kAN EA R, IR R th R 3 B R 515 2
WHROZE B ERERAD, RIS RS

§2 = (LY -L)" , (i=1,2,-,M;j=12,,N) (2)

S UNEY Lopg L S . k=120K (3)
BE, hmﬁi%%‘fﬂﬁ#ﬁ&% XJ‘KAE#M@ETE@ Si(k = 1,2, ,K) FHTIBCRA,

T = 2 W, 5 = 2 (w, - (LY -1L)%] , (i =1,2, My =1,2,-,N) (4)

AP Wk =12,.K) K %Tﬂﬁﬁiﬁ!ﬁﬁ PIEES 8

3‘;%,#Jﬁﬁﬁiifiﬁl‘ﬁﬁﬁﬁﬁ,ﬁ%ﬂﬁ%%&%%ﬁﬁzﬁiﬁ%lﬂ%ﬁ PJ(i =1,2,,M;j =1,2,-,
N) B AAR , 8578 HAR R (4) P TiRBIBUD. X T HIRALTTER Powell LR SR, 75b, )
TR BT e AR HE S A

3 BaBUER
i SFOC KM BB (SHE 1) X: E@ A% D = 4000, EEBRH A (MWHE) OEHEF =



$am RS MR E B R AN BRYFE ' 543

1722. 551, B £E0E C = 1204. 967, BIEE L% e =2.23,0, =58.5°,8 =70.0°. LALLM RE
H K" AR (0,0) BUR(-10°,0°),(-3°,0),(3°,0°) fi(10°,0°) , _HEFMHHBIEH,“K” 4
P 5 (0.0) BALT 8 N, (6,9) =(10°,i x45°) ,i =1,2,--- 8. FELER B EERILATE K
ARIESH &, FiEAOFRIE BRI R M.

BRIEN » ARk, 3 AT RAE R 1 & -

f(8,9) = Dcos@cos’ @ —¢@singcos’ @ . (5)

3.0p 3.0F
- - BRE 25l

2.5 —
\ wE 2o
%2.0"\ / ~ L.5F
* 1.5F \ ] ?1.0—
" \ / wiof
1L.op N // 1.5F

\
o5 N , 2.0}
~ 7 2.5}
! 1 l\i-—f_l-’l i L J
%086 4 2 0 2 4 6 8 10 3.0k
ame /)
(a) —#1H (9=0") (b) —#HH (6=10°)

B2 SFOC R&R#BUEETHIZRK(s)
K2 441 T SFOC RERMH BN OBEBK &, P E2e) FiFHA R e =0°,0 e [ - 10°,10°], E2(0b)
A0 =10°,0 €[0°,360°],% | I T ZHEAMHEL T ORMK (s) H—RIIRKME.
1 SFOC X£( D =400)) EXERE (ZHEH) FIBMORRK(s)

it (6.9) (10°,0°) (10°,45°) (10°,90°) (10°,135°) (10°,180°)
A/ ( - dB) 2.29 1.59 0.95 2.00 2.98
B #E/( - dB) 1.46 1.54 1.58 1.56 1.62

AR SFOC K& RGERI 77 1F) BT, B a3l JLAT 62 (GO) X R B H#AT A4 R8T R
2 FRE R A kT A IR (PO) RGBT BRI T RERKMES
16 . T T B AR (5 ) SE M, B 3 A e MR T B, 4 T Y RTE , RREH7E E |
P B e

DA A0t R0 8 i S0 TR T4, SFOC REHMi Bk, AR IREH R D 2MKEBH
TN, W T BEE IR M BER N, REHE 25 S T FE IR, AT b 23R AWM B RREMRITHRE T
BERHTTR.

BEHRAME, i TEEMRARTIERNRRBEMHE LS EE, BMEGXLNEHE « R
B E T — S H IS, B/ MR R A R IR, LR IR BIRIR BT 00, X SFOC XU T KKK R
S VAR IR AT — IR LB R Rt

4 & #

R ERE AR, 02 MR CHA) RE R RN AW ERER , E/Nz i
5%, LA SFOC KA N xR, I2 FISTEBE M B & BB AR, 8 U8 i B AR X R4 19 3 I ff T
TR Bl RR, Eid EE R, SFOC SR S R — 4 M fRMd B+ iR EW
KM IR BB T BRI, AT E T ZR R REOAMREE. 550, LU B X SFOC X2 r &Y i
FTIRTE AT 48 BIK U R BOR -



544 BHE o FARREFR(HRAFRK) A 2%

10 Al 1 it 1 1 1 ] 10 1 ) 1 1 1 i 1. A -
-1.0-0.8-06-0.4 02 0 0.2 0.4 0.6 0.8 1.0 9.09.2 9.4 9.6 9.8 10.0 10.210.4 10.6 10.8 11.0
mBEe/C) fago/()

(a) HHR(0,0)=(0",0") (b) B (8,0)=(10",0")
sof
50
g 40
~ I
L]
® 30

20

lﬂ | 1 J [o 1 1 i
9.09.2 9.4 9.6 9.8 10.0 10.210.4 10.6 10.8 11.0 9.09.2 9.4 9.6 9.8 10.0 10.210.4 10.6 10.8 11.0
fBe/() fREe/C)

(c) Bk (8, ¢)=(10",90°) (d) f338 (9, ¢)=(10°, 180°)
B3 SFOC RALZ@EH(=HBMH)WEHS QB

SEUR:

(1] BTR HER EBF. AREREHFEAR(M]. Jbm. ARBRR € A, 1992.

[2] Lei Juan, Wan Jixiang, Fu Demin, et al. Design and Analysis of a Multibeam Parabolic Reflector Antenna[J]. Journal of
Xidian University,2003, 30(3) : 399402.

[3] Jorgensen R, Balling P. Dual Offset Reflector Multibeam Antenna for International Communications Statellite Applications[J].
IEEE Trans on Antenna and Propagat, 1985, 33(12): 1304-1312.

[4] JrPrata A, Thompson MD, Pascalar H G. A Compact High-performance Dual-reflector Millimeter-wave Imaging Antenna with a
20/spl Times/20 Degrees Square Field of View[ A]. Antennas and Propagation Society International Symposium{ C]. Seattle:
IEEE, 1994. 2050 -2053.

(5] Chandler C, Hoey L, Chan R. Advanced Satellite Antenna Technology for the Emerging Ka-band Market [ A]. 52nd
Interational Astronautical Federation Congress{ C]. Toulouse, France: the International Astronautical Federation, 2001. 1-9.

[6] Rush V T. Derivation and Application of the Equivalent Paraboloid for Offset Cassegrain and Gregorian Antennas[J]. IEEE
Trans on Antenna and Propagat, 1990, 38(8): 1141-1149.

(7] XAKRZHETHMRME FERRRRRH(D]. AR GEEFRER¥,2003.

[8] Boor C D. A Practical Guide to Spline] M]. New York: Springer-Verlag, 1978.

(91 magssh . FHEBBILA BRI SIENSAE B H&IM]. JUR. B%HH s, 2001

[10] Krichevsky V, Diffonzo D F. Optimum Beam Scanning in Offset Single and Dual Reflector Antennas[J]. IEEE Trans on
Antenna and Propagat, 1985, 33(2); 179-188.

[11] Lam P T. Analysis and Optimization of Reflector Antenna Systems[ D]. Illinois: University of Illinois at Urbana-Champaign,
1986.

[12] Hung C C, Mittra R. Secondary Pattern and Focal Region Distribution of Reflector Antennas Under Wide-angle Scanning[J].
IEEE Trans on Antenna and Propagat, 1983, 31(5) : 756-763.

(%%:. 24%)



LI A, R AA TR
[44ik:  http://www.edatop.com

mE 3 X &Kt

REVTH IR MRR =, EVFZ TR AN, AR SE b LA sk br AR th e Bevh R AR

/D FH 23X 28w PR A R

SEbr b, BATH G ZEARAG B A IR Z M A RN, B T HFSS,

CST #f i WA sl ol LA e v Y TAE PR fE R A7 A 2R 2k
Zy it (www.edatop.com) i T B AURUR e e vk AA IO IR, #fEd T — REIR L it By
YIRIERE . BATRRBE VIR, (BN, EMS Y, Al A B S PRt oy 5] B4R R BEvt () B0

ERE AT AR

i O

Ansys fFsS

FEETES ] \\
¥V A '.h\"'.
¥ty
sy PR

——

HFSS X% i&itiEilIRIEER
BRAE 6 TR 1 AEHS, SRERAMILAETRE, PR,
BASAARNSSR R E UM 4 &, ST R A VIR T HFSS R &1
St . SEE A EAT . BN HFSS R VETHRRE, nl LB R
TR ) AR AR HESS BRAFEAT REBeTh, ih REEBIEA A+
BAEMAE: http://www.edatop.com/peixun/hfss/122.html

CST RZ&&IHSUIFIIIRIEE R

ERAT 5 NHPUEIREE, haBRFEERLRRR, BAERHBEN

FIFUR, A1 R G ) B4R CST fik TAE = M Zhse R FIHE ] CST
e TAR S AEAT R vt SEprd FEAN R AR R A . AUBTRAE, 14441
YHE, HA S WK AN 3 N AELARE, s>
BRI ), AR ST

PERBWE: http://www.edatop.com/peixun/cst/127.html

seaEI

-l

13.56MHz NFC/RFID Z& B X & iZitigliEiEE LR
ERAE 4 TSR, B UILKE 13.56MHz 25 P8 < 2% Bt I B A4
PRV SCERARSE &, T RS HR T 13.56MHz 2k B R L1 TAE 5
. Bt Wt DL A HESS #1 CST 1 BLAM M2k Bl K £k i
FLARSRE, FIRHEA2E T 13.56MHz 28 1B K25 T e i (6 B R o
AR 2 3, AT LA B s Bk 5] 2 48 13.56MHz 25 il R4k
FCUCHC B F SRR L BV

PEEDIYK: http://www.edatop.com/peixun/antenna/116.html



L. S, REE®I AA 9%
[44ik:  http://www.edatop.com

KT ZidhiFil:

Syt I (www.edatop.com) HH #0445k H TRIFACH — 2k B8 iR TR AR AL, — HBUI &
Fod s S8 REBTHIR AA R FR: 5T 2006 44541 EDA M (www.mweda.com),
PLEA R I [ P S5 K AR SR AR R 2 e vk A A 5 R Rl Y 22 5 S A DL B R 4 Bt 42
SEFYIRFER ADS. HFSS SV AT ERIIURTE, T R& )40 JREE 5 AR A, o
T RRAL A AR AR T 2 AT 15, BN BOT 4 TR ST T 2L BoREE ST . % A M aE I
B RENTE . EABESESFKENME AR, EEE DIVEARTR . AR 42—
TEZREWEHX .

HMNBIRIZME
X ROLTF 2004 4E, 10 ZAEFEE KT ILE
X HETE TR R B TR, o T ATt A A Bk
X OAPRTE. BEREAE] TIIE I IBOR, R BRI 07 R, 27 2] TARPI AR

K AWF RN RRE TR, dachr TREN, B, K. 5%

ERZRIAN:
¥ GlInRE I E M http://www.edatop.com
¥ 1l EDA M:  http://www.mweda.com

¥ B VAT http://shop36920890.tacbao.com





