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Abstract

In information warfare, high-power microwave weapons need to generate high-power
electromagnetic beams. Since the power capacity of a single microwave power source is small,
in order to form a high-power electromagnetic beam, a number of microwave signals must be
synthesized using power combining technology. Spatial power combining technology directly
synthesizes multi-channel microwave signals in the free space, and has a higher power
combining efficiency without the loss of synthetic networks in the circuit power combining
technology. Besides, the power combining efficiency has basically nothing to do with the
number of microwave power sources. Array-fed reflector antenna synthesizes power with
antenna array as feed and achieves the required gain, sidelobes, and beamwidth by beam
forming of reflector antenna, which can greatly increase the gain of spatial power combining
antenna, therefore it has huge prospects for development.

The feed of the novel reflector antenna for spatial power combining is an antenna array,
the size of which is large, so it cannot be seen as a point source. Classic reflector antenna
design theory and technology are difficult to apply, so it is necessary to develop new reflector
antenna theory. This paper proposes two new design methods of array-fed reflector antenna.
One is designing an astigmatic reflector to match the astigmatic waves radiated by large array
based on curvature matrix theory. The phase configuration method of each element and the
incident angle correction method are given. The electromagnetic waves radiated by large
array synthesize with the same phase in the reflector aperture. The other is based on NURBS
surface shape modification, changing the control points of NURBS surface by the genetic
algorithm to achieve the optimal reflector shape. Next, the impact of the aperture boundary
shape of reflector on the aperture efficiency is studied, and the boundary shape with the best
aperture efficiency is given. The reflector antenna beam scanning characteristics, including
electronic scanning and mechanical scanning, are studied, and a series of beam scanning
characteristic curves are obtained. Finally, this paper studies the mechanical structure design
of the reflector, gives an outline of the other RF components and conducts the actual
processing, installation and testing of the reflector antenna. The testing results are basically
consistent with the simulation results, which validated the superiority and feasibility of the
reflector design methods presented in this paper. The data and results of this paper provide a
theoretical and technical support for spatial power combining antenna design.

Keywords: spatial power combining; curvature matrix; NURBS; aperture boundary; beam

scanning
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S$ME EF NURBS #AKHIME I 5 5 T K 2
NURBS J& 2k #h [ R 1 —Fh R 7m 20, NURBS i — N EZ AP REE
ARy ihil, R TR SR TR ] DA 3ok e A s il h A7 i B BB R /N R AT 450 o i S S
THIR 2R ) PR REER SO T IR AR IR RO R . T8, AT DAIE I A8 5 i) T s e A PR 52k
DA BRRTTEAR,  PAVCHC R ROST s B 21 e 5 1 5 8, SEIR S 18] D345 o

4.1 NURBS Z 1R R Tz 6l R AR

NURBS /& E#45)4 B B £ 4% (Non-Uniform Rational B-Splines) ()45 5 , 1 Versprille
TEHA AR e e, 1991 4, [EBRbruEALZHEL (ISOD MAf I b it B A 46
brAE STEP 1, 418 NURBS 1524 7€ LNV i JULAT JEAR I ME— #7775 . NURBS 2 i 2k
AT — R AR R, BT DO A R s 55 th e b, tReos B e 2Ll 2 dh i
M e I 48— 80 B s U i 55 B s A NURBS BAT ) 52 00 i 2% i
TER 4 I TSR R -, ELKH T Fas 0 0 e B 4 S i PR [ R B X 8k, A AR
SR TR IRISE L. Kk, NURBS @735 32 8 AT LA 3 R AT s

4.1.1 NURBS Hi%k
—4% k T NURBS £k 1] L3R g —4 B A BE 22 101 X o 4552

delle
p(u)=-== (4-1)
Z
E*@UZQhW)&ﬁﬂ.%j&@’A%%fﬁmﬂd( 0,1,---,n) AHEE R,

BUH T T NURBS M2 M3, 25 2 0T 5 FAR A DR AR, b RIS
AR I A 300 2 A 9 R A R TS R o AR T @, 0, > 0, Hr 9, 20
BB K A AR %, LABT IR BEA % DR B A R 5T Al 2 AN BRI R 11T
SR d (= 0,0, ) BB IR, TSRO 20T, N, (u) 2
AU = Uy, Uy Uy | SR /K- 007040 20 S e 1 K VAR B R 46 6 4K
WERBA T 0, 0, # 0, HHZE AR sl e 2 2 08 8RR M2 18 A
Kb 73 ) 45 22 T AR D) o
NURBS [lfik 5 Fid ] LA A7 8156 o e /n 2
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Zmak (4-2)
Hrr, R*(u)(i:(xlf-yn)ﬁék{k¥§ Zﬁ
Ri,k (u’v) :M (4-3)
Elaanx(U)

i NURBS Wiy yFEnl 40, AkeaH— $%%mNmms%T,ﬁE%%%%Xﬁ
Pt dh: S, (1 =0,1,--,n) LHAK 7o, (1=0,1,---,n), uZHWBEk, ul
FaxREU . H, Bk BE TN AREU H.

4.1.2 NURBS HiH
HALLT NURBS #iZk, —ik kx| 7 NURBS Hi i/ P2 A7 883 st 20,

iza)le'Jle JJ (V)

i=0 j=

p(u,v)=

n

ZZwN N, (v)

BRI A (i = 0,1, m; = 0,1,e,) SHRFMAETEIES], T A EbI . o

ST dy BRI T MU DA T L IEALA FHI @y 0, @ 05 0y sG> 00

& @20 B E kxl A BH TR % N, (u)(i=0,1m) f

N (V)(5=0,1,---n) 25 u g k R v ] LRI B FE4cdE . B4 Ml iu i S v
IR AR = [Ugs Uy U [ 55V = [ Voo Vi Vi | FAEATT R 8 A Ut AR
NURBS i ok &R 15 2], 2R, —Mdh, —5k NURBS #ifiA & —ik

AT, MRS R Roral LB .
NURBS i 7 F5t 7T LUI A B S R A s P2

szlj ij| (4'4)
i=0 j=0
Hrp, R“JUW%ﬂﬁiﬁE%@ﬁ
Ri,k,j,l(uav): a)lelk( )NJI(V) (4-5)
Z(;Z;‘ r,s rk (V)

i1 NURBS M ) 7 RErT &0, #Rkegh H—5K BT NURBS %7~ 77 20 2 1) X3
AL s d, R T o (i =0,1,---,m; j =0,1,---,n), uZHIHHk, v&
BOOME, um AR eU 5v P arxeEV .. b, Bk 5105088 T A xE
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4.1.3 NURBS # % il E RO 2R & 2K

1 NURBS ik e & SCaf LAE . % NURBS 2k i iR 4 o7 vE P53k 4y
PRA: Ao SR T A, e e T T R A DA R 1 (R K o S B
by W ERAA SRR 1, NURBS 2k it i () TR A 5 v 2 A BRI, itk il ek
Tk 8 A AR A ERAN S Hh 4 1 T BT B B ) AR A [ o A A AR R B, A
XAV 0 20 S T o TR TR A Bl SE 1R B e, AN P8 R 1 7
HZ b, MREER,

H TR T A B AR T PR RS, X NURBS 4k il i EAR 1B 0 3= 2520
JRE IR D) S4h, SR 1, R NURBS #hZe il i R BEAT 10

42 BIFEZE
421 BEREEEMERFE

WAL 5 (Genetic Algorithm, fFR GA) & —Fi AR se b 53k, & ME—1#
ok, FRIIERHLE], DL MR AN SR s A TP IR R e it . | TR SR mT L
el TR S TRl 1 I DTS I SR VAT E 32~ A =S EE SR DA K e~ i oya2 )
2R, B B2 Riereae. E0 Mo/t R 50k, B Ak
fiSE A . SRR T IHAT A DL sk SEH S R R AL, RS NS R] T
PN, WS T REZCR, JF@#HCh EEN A e —.

AL B — R S AW A A GEF AR, S IR AL HLHD ALk
MIRENLAIE R T7% . H3EE ) J. Holland ##2 T- 1975 AR L2 CHARFMN LRSS
(P NAVEY s s th . AR SR A AR IE SR B AR AL B ke AR BT . A8 X
MIERI ARG, LEREOEA AR B — AR AR,  FF 4R FE S MR e UL 1
AME, FIHBEE T GEPE. XS JIXEAMEKIATH A, P4 — R kit i
#, HEEURE, ST BEEE N I AMA, 493 1) R S LA

TR VL) 32 R

Lo AIREF R P A TF IR, A 2 RN

2. SRARIE RS o ) /PSS b, 255 T8 el AR .

3. AR RE

4. JEFE AT XONAR RS LA, A2 0 IRORS AR
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5. HATKRE BT,

422 BEREZEN—RTE
(1D Zifid

AR LA e AR B ) JUAS (0] (R 250, W A0 e AT e 48t s A 2% ) 1) i 2 PR 4 —
JE SR A I B AR BRAMA . X e i . B, T BENL TV AW 46
BERIREANANME, ROWIRATEIR o AN TR AR SR AR i) R85 2R P AN [R] ) G i 7 1.0

AR L R I — Mg b5 7322 g b, Il (A 1 2 O A A
(0,1} 7R, PLRegmid. MHSIAER 21T, X R RAEM TS50 a5/ N 7R
AL Gt JE ) s A5 TR AR e B SR AT B A BT o S i 2 LR AN BRI AL 2 4R R
JEIRESK, AR R 2

Tt gt e —RE I A IR —Fh AR T, T LI AN FEE 0 N ) 2 h AR 2 TR AN
E N LY VA L O = L4 D 1215/ g = e € = 4 2 (TS K W NS Y =92 L B 02 = RGN S
RGeSy, ET R AR R, B S R g AR [

SEE G A A R AR IR AR RE B F S B s, MR g i B2 5 FE R AR J 1)
MNEORHEE o SEEImAS 7V e Mk T R A AR 22 4 ek R (R A R LAk ) L
Rk AL, i T IR R IS RCR, il T I SR T R ek, g
BEMTAR ) {7 A
(2) &N JE PR £

WAL AR —AME D IR DR 3 Y e BB VT, 38 NS bR A (B, i
() DT BT o 38 N BRSO A R A R I 3K BN ), AT B AR IE R ME—FRAfE,
BRI N 45 G SRR ) JUAS B 1 KT
(3) wHEHE T GEFE. X, AR

UK N ERTRIUUAE bk = S e B NS 1 5 A N BV = S TN | =) 0t N NG o)l LTV A L
TTANLSE R A, AT AR T &Y B = AMA R IR B R R k2,
BRI ML /N o 5 FH IR A SC AR W e PR T iR B A L3t P A 70 o Fe AN Ik
FEPREC LS, R, &ML T I S L Y 2 R UK/ BGOE
BELIE Pl AT 2 B 2 22 A /NSRS e 1 SRS AR SR

AL YRR & L S T e B AR, ERGOER o A8 R FRIEMIAN AR A
(R0 73 &85 R om A e 200 1y A2 BB — AR I A o T AZ S, AR VA R i
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MR A, BT E 2 R A S A XU R 3 A8 S, AR
BEMLBEE AR SEATASUN S % RS I AR (0 B0 S R 34T B A, JF2E
JE A FT A

AR ST IR BEAS A B AR P (A A R 2 L RE D 88 B R DMEAR AR S . — A
WA HI AT R BEN LR R AE S . R AL SR n e RF AR 2 AR E, AR IR IR
JRA SIS o AR S A 5 AT XA 23 S 5 A

AL R FEA R 4-1 Pros:
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»

A 4

ANARIE N A PP A

A 4

EFE

B 4-1 BALHIL R FEA R

4.3 £F NURBS B S E R &It HES XA E
4.3.1 EF NURBS W& IR~ ST ERERIIT A
% T NURBS [T GRS ST T, #5280 sl AR ) BEAEY, WY
6 SRS THT PR TR S S T PRI 22 B A AR K, A R R 3 4 D A 505 47 S 11 P
W, DRBREE. N T SR KT 2 M DR, AU ST AT B 1, Il
RS ML E AT I IE AT . ZE AR b S B A S TR, (UL 528 2
PrE, ATLLSCY NURBS IR . XA AL I VAR 0, R AS B R
B R, ASCAERAL NURBS g B¢ S5 S0 1 AT, 3L e s O i or
JET NURBS #1058 (%) B 88 S 5 110 4% ) D 2 R R (K e bt D7t - BINE R
DAL, CBE ), ARSI TS B B A A i, DU TR R R 7 Ty
I B8 25 B R AL Fb, SRR R, S0 BLV S TR 5028 I 11 S S T R 4 7E 4
T I IEES, IFE Y B R KA. RS RS, LA 25 55 KN NURBS
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TEASCIRE S, T A TR 5 L, 2 T 00 8 10 A A R A o J 4 o et
HA 23— 4Bk b, RIS RS RRARAR R P R xRy ARAR AN, H A 54l
TH 8510 z AR

T RAIEHE T NURBS [ A5 (14 B 45% S S THI 245 ) Ll OR 2 (R e vk 7 IR i A T
PEFACRR: 1T DA = 55 v 10 2 B i 15t S S T R e ARt 42, SR FHARTR] 18 15t st ]
W\BEFY, BETCHUIANAS , WIWARE R ZR 6 o) S AN, WRIWBEZ T o0 s 1A B AR,
SRR (P 5 RSN 5 ATk 1F 2 Sy 1), OB TIAE AR xOy P IIBGEREAR . K
AR B ANAR , AN e 50 J S5 42 S T30 A ) Z AR AR RLOI A S S 1T R TR AR o 7)1
A TS EE NURBS i i oes th i JEAR K 5200, ASF 50 55T T 3 X3 [ NURBS g
BEAT 4 X 4 By NURBS 17 £ A5 9 B O o
4.3.23X3 B NURBS ¢ EZ R R R 5T B R & AR 10183t

3X3 [ NURBS H i g 452 (0 S S R e R i 18 4-2 fizs, NURBS i 42 1]
TH A5 A XOy Tl EMBHEanE 4-3 Fis:

K] 4-2 3X3 [y NURBS [ [ A5 1) s 56 T R 2k
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D, |
*- ® -
P0,3 Pl 3 P2 3 P3,3 4
® ® o ®
PO 2 P1,2 P2,2 P3 2
DY
® o o ®
PO 1 Pl 1 P2,1 P3 1
® ® o oY
Po 0 PI,O y Pz,o P3,0
OL X

K] 4-3 3X3 [ NURBS i (1545 il 101 5 £E xOy 11 b $L%
3X3 [fr NURBS i 16 (4X4) NG A, 765 = 5% v PSSO TR 26

P, SO THTE XOy T BESE (K DU AN fi i AR b 23 0 Sk (=18,7.2,0) . (18,7.2,0)
(18,39.2,0), (-18,39.2,0), H.z,=164=38.4cm. A HHARFHITH AT X ABHRFI y A b

B, A[fF 3X3 B NURBS MR $IT0 S AR % 4-1 s
% 4-1 3X3 By NURBS 42 i T s (R A

Po(-18,7.2,2) | P,(-6,7.2,2,) Po(6,7.2,2,)) | P,(18,7.2,2y)
P.(-18,17.9,z,) | P,(-6,17.9,2,) | P,(6,17.9,2,) | P,(18,17.9,z,))
P,,(-18,28.5,2,,) | B,(-6.285,2,) | P,,(6.285,2,,) | P,(18,28.5,2,)
P.(-18,39.2,2,,) | P,(-6,39.2,25) | P;(6,39.2,2,,) | P,(18,39.2,2,,)

= 233 ’

1T B 5 T yOz ~F X FR, - #eAfT Zog =130 Loy =130 Ly =135 I
o NIFREAL AR B 16 MK 8 4. KH

Lig=12yr Ly =1y L =1y L3=1y
AR R R z ARFRDLAL, DAk B Rk S S TR Seny z Sl 7 n) 1) 458 2 H e KA
TELRE 2500 RIGPLAL S, PTA33G 25 do KM Ol T~ $2I RLRARFR AN % 4-2 o
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% 4-23X3 [y NURBS it 5 )4 i T s AR A
P, (—18,7.2,-0.03) | B (-6,7.2,-1.21) | P,(6,7.2,-1.21) | P,,(18,7.2,-0.03)
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X 4-2 FRE IV ST R R (1) NURBS ) THEAR (¥ 5 3 TH R 2k, 7E FEKO 15 FL AR

FLARE, M s W\ BE A AR (MOMD, ot s ST S BG4 (PO) iEL.
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4.3.34X4 Ky NURBS Hi B2 &8 & 5 B X &ML igit

NURBS {1 17 B £ iy iy o7 25 v )ty v A 20, o ot o bR ) 4 S gt o 1
R ZEARAL 4 BT A5 AN BB 22, DAL T S0 TR B o m A ol T P B e 9 1R
{EIH AL ELXAE . FIRTEST 4 X4 Fr NURBS i ZEA 1K SO TRTIRILAL . 4 X4 B
NURBS {7 [ A5 1 s S TR R G R 45 K 18] 4-6 7, NURBS i 11 3428 i T 2071 xOy -
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O
K] 4-6 4X4 By NURBS [ #3245 1) S S T R 2k

|4 DX
* ® ® ° i—:
P0,4 P1,4 P2,4 P P,

3, 4
¢ ® ® ® ®
PO,3 I:)l 3 P2,3 P3,3 I:)4 3
® ® ® ® ® D
PO 2 P1 2 PZ,Z P3 2 P4 2 Y
[ 3 ® ® ® ®
I:)0 1 Pl 1 I:>2,1 I:)3,1 P4 1
o o o o oY
PO,O PI,O PZ,O P3,0 P4 0
y
T—> X
0]

4-7 4X4[ir NURBS i [fi )42 1l w45 xOy - 1f L 552
4X4 Bir NURBS #iA7 25 (5X5) MR, AE5E =3Bk (K PR8¢5 5 i R 2k
P, SO T FE XOy ST BERE 1 DY AN f i AR 43 0k (—18,7.2,0) 5 (18,7.2,0)

42



P LT NURBS 3 A KB4 S 5 T R 2%

(18,39.2,0), (-18,39.2,0), H.z,=162=38.4cm. & HHAFHITI A X ALARRI y A dg B

SR, W13 4X4 [ NURBS #2505 AR FR 22 4-3 B
% 4-3 4X 4y NURBS 428 ) T s (R AR s

PO,O I:)l ,0 PZ,O P3,0 P4,0
(-18,7.2,2) | (-9,7.2,2,) (0,7.2,2,) (9,7.2,2,) (18,7.2,2,)
Po,l Pl 1 P2,1 P3,1 P4,1
(-18,15.2,2,)| (-9,152,2,) | (0,152,2,) | (9,152,2,) | (18,15.2,2,,)
Po,z Pl 2 Pz 2 P3,2 P4,2
(~18,23.2,2,,)| (-9.23.2,2,) | (0,232,2,,) | (9.23.2.2,) | (18,232,2,,)
P0,3 Pl 3 Pz 3 P3 3 P4,3
(-18,31.2,2,,)| (-9.31.2,2;5) | (0,312,2,5) | (9.31.2,2,) | (18,31.2,2,,)
F)0,4 Pl 4 P 2.4 P34 I:)4,4
(-18,39.2,2,,)| (-9.39.2,2,,) | (0,39.2,2,,) | (9.392,2,) | (18,39.2,2,,)

T SO TH DG T yOz VIR FR, W0 2y = 240 Zoy =240 Zgp =240 2oy = Zyz
Z0s =2y Ly =12yr 2, =235 2, =235 Z;3=12ys Z,, =2y WIFTEACKIAR R 25
MR 154, ZEARZ IR 3X3 B NURBS {1 i 5 204G A AN E0r) 2 15 R A s
PSR S 1) z ARARAEAL, oAl FAR BN S TR Gt z il 1) )48 2 B e KA
fEZETL 1800 IRIMARAL )G, PIAFHEHI L KIARAR IR 4-4 Pl
* 4-4 4X4 B NURBS i HAGA S 1428 il T0 5 AR bR

PO Pl 0 P20 P3,0 I:)4,0
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Po 2 P1 2 Pz,z P3,2 P4,2
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PO 3 P1,3 P2 3 P3,3 P4,3
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Po 4 Pl 4 P2,4 P3,4 P4,4
(-18,39.2,9.45) | (-9,39.2,8.42) | (0,39.2,8.03) | (9,39.2,8.42) | (18,39.2,9.45)
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NURBS i 22 5.

4.4 KEING
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