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Abstract: The mechanical-electromagnetic coupling analysis, design, and control of reflector antennas under multi-
source loads are key challenges in the design of large-aperture reflector antennas. The existing mechanical-electromagnetic
coupling calculation method adopts integral operation models, which fails to decouple the structural deformations and leads
to both complex integral operation and high computational time consumption. Distorted reflector antennas suffer from multi-
source loads, which makes the mechanical-electromagnetic coupling analysis complex and can not support the fast estima-
tion and adjustment for electromagnetic performance. To solve this problem, a mechanical-electromagnetic decoupling com-
putational method is proposed to obtain the radiation performance for distorted reflector antennas with the best fit parabo-
loid. Taking the antenna state under the operation of best fit paraboloid as the basis, the normal distortion is taken as the
structural input for the electromagnetic computation. Adopting the second order series expansion of the phase component,
the structural distortion is separated from the electromagnetic computation, which makes the original integral computation
convert to a matrix multiplication model. With the separation of structural distortion and the mechanical-electromagnetic de-
coupling, the mechanical-electromagnetic decoupling computational model is established for distorted reflector antennas

with the best fit paraboloid, and the fast decoupling electromagnetic computation is achieved. Taking an 8 m reflector anten-

Wk H 1 :2025-04- 145 5% H 1#1:2025-07-30; ST 4R KM £



%09 M SRR I BV & T AR S S T R 2k L PR RE ML L A A 5 7k 3135

na as a typical example, and introducing hypothetical structural deformations as well as deformations caused by gravity and
wind loads at different elevation angles as structural inputs, the verification of the mechanical-electromagnetic decoupling
computational method for antenna electromagnetic performance under multi-source loads is carried out. Simulation shows
that in the calculation results of antenna electromagnetic performance under multi-source loads, the proposed mechanical-
electromagnetic decoupling computational method can obtain a well matched antenna radiation pattern with that of the origi-
nal integral operation model. Moreover, the deviation of gain loss between the two models is within 0.1 dB, indicating the
high calculation accuracy of the proposed method that meets the antenna design requirements. Compared with the original
integral model, the proposed method can guarantee computational accuracy, and improve the computation efficiency about

95% of the electromagnetic performance for distorted reflector antennas under multi-source loads, which can pave the foun-

dation for the fast estimation and adjustment of electromagnetic performance.

Key words: best fit; reflector antennas; electromagnetic performance; normal distortion; mechanical-electromagnetic

decoupling
Foundation ltem(s):

1 55

VE R —Flss 36 25 R4, BT R 262 i T 43
RS A T AT, MR T S e
(g S | 2 S T 2 R M S AR TEG 11 KRk M 25 . 72 5B
MRABERIE T, % ) (3 o XURT 6L E 45 A1 3 2 U 3
SR, R8T SR 1 0 400 T R R A O B AR
W ESR , SRR R W R RS  MERE AL .
TR Rk VR R, 78 KRS M P i B i
T EE L R ER I M R SR AT R LR
CERGBETT . O 22 VR S 0 S5 T IR 30 ) oy
PR L 3 3o H P RE S 5 KLk SR R T 1) S 2 I
S R ML H RS . 1 R R ST R A
T XU 7 B (75 7 25

P RO THIRLRAZ A AT 3 ) 28 7 B T

T8 Z PR EAT R R LR PERERY R |, A 2
SCHRTT R T AHOCHFSE , 2 B tp e g U 25 2 284k
PR X LRI 25 A6 RS B AU 5Z IR . Dong %1301 T
R 55§ v BETE B R A o ) AR T X R AR BRI . A
I 45 A3 BT 1S 249 JXUHE TS 199 R B3 5 1 T A 3
5 10K B B AR 0, 45 1 T K B 4 vl R 45 52 A1
AT R T R AR DG AR AL B . Li 5T B XS 42T 5
0o R BRI B R 2 A2 B A BT, T I T R RED

National Natural Science Foundation of China (N0.52322507)

FCS TN . AR SRR AR RS A T B A R
TS T R AR ML R A A AR R B R R N A5
BT AR I R AR, T TF S8 T ARG T AR R FHEGUE . Ry 1
SRR R B S S T R L B MR RE  Be e A R T
PLREEHLPERE R B AR ML Z AR fR T, SE B T
T 1) F PR BE B R LR S5 M BT . B X S e R SO T &2
AU S TRk, T AR SO JF R T AR A L R B AU
S R AR A T

B 5 AH T SR 1 % R, BRLAlAR S 25 H 1T T BOE
DASIE 30 S T R R B L v 3 AR L R Iy 2
FEAREER . TR PRI IAEE T, M a ki g
FEPR BRI WFBE . A8 s a7 i, LA S
M2 T 3 AR A S S O AN [T £ B T
S5 AT B A BE A SRR X 110 2K QTT S Ha
B K LRI e T fRi AL A Bh 3 1 3 sh e Al A S
Bt TRV A, SR FRR 42 48 057 o v o7 fL B £ B, S AR
TESE R R AL PR E A AN 5 KRR B BER
] , T S 45 A0 I 2 A0 2 HL A 2, AR TR B X R 2R E
T FL P BB AR A T DR DA S I 3 ) PR e 5 kM
) H Y . % R B S S T K 2k r P R 22 45 R AR T S T 1)
PLHEFR G R, LA ML AR & 8L b S5 vkis
BB Z% , ME LSS B AR B IS G T K 2k L Pk BE A PR
SEPEAR , S EOC R SBR[
RO 24 P B PR PP 1 G HEAE T S TR 2R X
L3 1 5 SRR 38 5 5 R B a8 S ML H R A A A
TN G AR TG A T A, T BB o ia S BB 7% 3T
EHERT

N TR AR T SRR R BE ALK, Smith
AT B ARUIR 25 R LU B 25 K AR I 5 BRI R 437
T i HEUl ) A8 08 (0 2RE AT B T 4 8 T —Fh
F I G T R Z I B T B PG AT i . FE IR 1
SCHRL 18 R FHE5 A7 FROTHRAE , LAAECIRAS Sy S
8 DX H 7 4 A Sk 5 R il 1) AR T 1 B R R ALY H



3136 H, ¥

EE 2025 4F

REMLIR2Z 5307 5 40 B . SCHR (17, 18 148 Hh () i Jr F A
R DIAECIR S & a5, T R S T R 15 it | Bl
MR 2E 5007, v 1 RS T R 4 fL A TR . R,
SCHR 17, 18 1L BRARIRZS R A4 52 S Sl JEofe | 220 T 78
WATVEH T, RS R e Ak s B e T,
BRIR A R sh BRI A S L, SRS A S
AT A SRR E BT Bk REIZ R R
FHAS I 56 1 A S FE W) & T B S5 40 AR I8 | 1 Al AF X
PRARUE VT (0152 25 V8 R 25 R0 3, A R A 3R A5 e 1
WIARAS T RIRERMERE . AL, e EW RS T AR
B RS T R 26 Ha 1 R 1T 330 5 vk 2 Ji 2 v P g D O
Al R RMEE ) A

gh A DL R R B 2 R R AR I I
ST R AL AR A T35 4%, ME LU TT J H 1 i Rk 1
il RS SRR R P T — R A A R AR R TR
LR PEREALHE A T Bk . DA 5 9 v o
Y, R FE AR ASE 350 — [ J 3T AL 3 , K A T I S e AR
R AEW) A T 25 A 28 TR A BN R AT FR S B s S b o
B, MR AR 4y is B R AR MR AR R GE B S T ML
Fff R, AT AE R UE TSRS BE S 00T, SEL T S fEm) &
RIS ARSI S 5 TR e rL P R D s A fi s 53

2 HBREREITEAE
2.1 HEMEEEERE

S T R R AE 2 IR AR TR 237 A S5 AR JE
S T AR R AR T
FEW) & PP B 5, AR A — A T Bl ) T To A
AW s SRR 3 SRR AR A e W) A 4l T
TEMAB LT , G54 28 T2 AR X e AW & T 00 25 e/,
RIS B A b MR RE S A Pk .

ALV A0 R B E 2 fros . R T
VIR A bR RN OXYZ B2 1E 0 f, S5 0508 F AR B G
) ST A B % T AR 1 B, ST LR ) — A FefEW)
41 BFP S 153 254 728 T8 AR S5 AR W) 45 THD 1 Ut 25 A /)
FEFR BT A bR R T, R AV & 1 BFP A X 15
TITE A TS AR 53 N w, w0, , 3% B8 AT T IEE 22 17
(R e F R 6, o SRIRIG B b SR ON F L BV S
I BFP ELAG IR AR R O, X,Y, Z,.

GGV A R AR BR G R , AT ST B AW G T BFP
AR A A ZR A A R

xX24+yr+ 2yzp — 2xz¢y —2x(u  + 2f¢},) ()
—2y(v,—2/$,)+4fw —4z(f+h)=0
o oy 2 ARG s T A AR RE w0,
64, MU 2 5 LA AR 45 6 BFP AR 3T
RIS AV G S50 TEAHE T B AR 1 2 S0k
VIR R A A PG

2 ¢,,-

K2 G s g

e SR T AR A I R R R 1 35 i B T Rk, R 3R
B AR W) A T K 5 R ol A 1AL 3h B e A v A T Y
FE b, AR TR TR X B R W) A T 9 D 22 e/, RERS
A S MERE . X T R PR B R, T B R A
W45 THIAH 56 2 550, Tt AR T 1 AR X 5 A2 W) A 1 6
2, AT T R T OGS e T, R IR
T A 2 B0 B 2 1Y, (H i EE W) & T B0 S 8O e K24
P A LA ALY X 45 PR RE T TR R T K IR
e PR AT BBl 2y

N T HASAR I B AT — S A e W) A T BFP
BRI 22 , 25 v PR RE R S B a8 B A o e S, P
RS MEReiz B —8, SR REEMBTTA, & X
W AR 7 A5k B O 22 TE . AN 3 R, T A b
TE— 15 N P(xy5 yy» 2,) » XTI 1T B LB 05N
Py, 35 P X PSSR RE A (uy v, w) , HOE S5 A
BT/ AT 3845 . FEWIA 18 BFP L, PR Y o0 P, He
o P RN P, BOTE 0 22 & T < AL 8 SUU ARl 7
WARIE N IE).

N Po(X0,Y0,20)

! Pi(Xo+U,Yo+V,Zg+W)

3 AR AR 00 5 T 03 16 G 22
WL, e V) £ 18 P, a5 B A A

x=x,+u—Ile
Y=yo+v—me (2)
z=z,+w—ne
Fob, Lom on 23 50 R BETHTET A b B9k 18] 7 0] AR 5%, 75 &
B R ARSI B R AR, 35 10 07 18] 2% 52 3 1B
K BB A XN ST
K fre ) 5 T P, il AR B AR B die A W) T 7
T, B BAS U NVEIE | AT i 22 1 2k 0N



o9 1

SRR I BV & T AR S S T R 2k L PR RE ML L A A 5 7k 3137

=[xy —uy) b ye(—v,) =2 (w—w,)

2/ f(f+zy) (3)
~2hzy+yo, 2o+ 2) ~ 2o, (20+ 2)

H TR T VR ARy ) A8 S GE B R, AR I
RbARAT 03 ) 25 5 4% 5 R A5 455 A AL (H
WE T ) A 22 1 S FL PR RE TR I e A T i AL

FERAF I 0 22 2 ), % BB Ge RSt it
TTEAEV G5, AT AR R AEW) & T BFP A E S 4K
NN AN AN N A S, JE AR R — AN
N T R 22 . TEARAE A AR AR 2 R AR T SC
HRTP B A, A A A

MEAEVI A BFP 51T A E AR, RIS W)
G SEIRE R ) w22 1T AR
= ;l(xou+yov—2ﬁv) (4)

2\ f(f+zp)

BB R oR R ™ AT Je , I 5 T B AT & A T A
gl A 2 5 IR (AR BT TE A FERl AT
INARTE T2 YA il 2 5 ) A AL S I B
u=0,v=0, W% w22 6 R

e= /f+fzo w=cos§w (5)

Horp € FR BRSPS RS A I AR I R
REAZIE G ALAEBET A Ffih b7 A= 7 e fw 22 . A
2 ORI 3k 1) i 22 & 45 0l 1 i 2 a0 BR)IE 5 OC R 5K
TAAFAE i 15 i 22 5 PR RETHAR R BT A G 3R
2B

N T R AR RETT R o BT A R S i b G
b ARG R A M) 5 T A 3% 1) i 2 5 A 1) A 5K
W), AN A F W) & 2805 ) 1) BRI

X, %

&

DZ[”A’VAVWA’h’¢x7¢y]T (6)
-1
b[: 7(x[¢0ui+y[¢0vi_2fwi) (7)
2f(f+z0)

¢;= %[xi,myi,m_zﬁzzi,m
2 f(f+z,4) (8)
oot 2 xg (20+20) ]
Horfr, D RN AL B S i, N AR RN A sk
I BVEAEL, PP — Sk w22 5
g=b+c'D (9)
2, TR R S T T A S X R AR W A T
)i 25 5 B T iAW) & SEN AR R L
e=B+CD (10)
Hrr e=[e,, &,, -, ,]" TR MMZES 0] & M FoR
KT 2 5@ 50970 s, B=[b,, b,, -, b,]",C=

[e), ¢y, CM]T~
2.2 HMHEEVIEMERITEER

TEFRAT AR 11 A0 X WA 18 i ) 25 05, T3 A TR
LM PERE T . 456 2 R AR X R ZR K52, B¢
ERREAEREBRASHE ENEN T, W28t £ 5
FATE FH R AR 1 R £k v Mk B 10 A R 158, R 25 44
ARIAR B 5 W as A B, 1 R e AR T T R £ H
REE AR . 28 AT SEEAR OC HL PR RE PR PEAL | S PRk
PR MR PR AR R LA

X FARE s O T R 2 &, HeH R RE Oy ) R OE L
T VAR 37 8 43 A pR RS0 (e B A g 81722

= | 0 e ds (11)

Horpr B3R IE X B HL 0 5 Q 3R AR 3 i 2 70 A v
B p KR RS T A — s AR AR R B 5 p by HL R 2
(63 kA3 11 2 TR 805 7 oA T 1) B B O e 55 4
HARTER 56 #7m th T4 AT 5 1A R BE AR A2 50
ST AT — S S TR P 4 R, 5 ZRiE
SCPRFE— B, w Al 1] (2 [0))AETE & LT 22, € IR

S AT — S S e
/w
N2
¢
Z
E4 S AT — S S5 A N R

Zi a4 fel e A D 45 A8 5 IR B

FRASE 0] 7 72
0 =kw(l +cos &)= 2ke cos(&/2) (12)

WA AR 1S, 7800 AR T 2% 1) D 22 55 % 1) g
22 MR (5) 5 = MR A5k,

7 RN RGBT b 2R Tk ) i 22 647 e W)
HIsH 455 R W) A A SR HIVE 1) 22 7E A
e R NSRS v EP S N AR 27 PN N
A A OLS A R IORE S I AT B BRI R B
P I0T, TR0 B2 RE A W6 A2 2 5 AR (ER 25 7E 0.1 F%
TR KA AR

R AR 0 B e 5, AT 3RoR A

o9 — oi2kecos(@2)
=1+j2ke cos(&/2)—k*e* (1 +cos &)
B B R I R ARG TS | A B R RE TR
CIECEIP

(13)



3138 H, ¥

EE 2025 4F

E=E,+ || O(p)e™ " j2ke cos(¢&/2)ds
0 s

+ [ oo -2k cos? (@] ds (14)

=E,+E +E,

Horb B 2R ST i AR W) 45 3040 10 R AT AR 2SS X 5
M HVERE B, E, 73 0 R R S5 AR TE ST — B 3t —
B

455 RO T R 2k HL PR RE R 208 3 T LA IR O AR 22
T BRI BN, 450k 22, 23 PR AT O
A PR RUIEL A A B 00 B I B, nDRE— B I IR
v

E,

M

M n
E, = > 0(p,)e" " j2ke, cos(&/2)s,
i=1

1

(15)

M n
E, > 0(p,)e | =2k} cos” (£/2)] s,
i=1 i=1

Hob  MBR BT E S B, B, S0 3RR ot B —
[z e

BE—20 DR 1) i 25 A _Eas B o B R 5K
DUHLHL RS, )

Ez,i

E,=>Ge=G"¢

i=1

= TN

(16)
E,= Y Hel=H"&

i=1
/E\:EP s G:[Gl’ Gz’ M) GM]T\H:[HI’ Hza M) HM]Tﬁ}jlleJ
TR —W I R e =[¢,%, 6,7, -, &), T TRk
[e i 22 ~F- 5 A7) i) kO
— B B REE P A TR TR
G,= 0(p, e * {2k cos(&,12)s,
H,=0(p, )" 7| —2k* cos? (¢,/2) ] s,

Horb, G H 23 53R 80 i FRITXT N — B, B R
IR AU WSS NS 4 € S S N RG] )i
(B ERTTARBR 5 MG AR T AR AE , A PR B AT IR 22 46
S HEFEER AR R T Jim S it R ASE 280 4 7t o7 412 3t
TAER].

TEMCEERR I, BV BEARAR T n] 834

E=E,+G¢+H"¢’ (18)

AL 3 e o ACHE S R PR RE R R O R —
BRI R e TR E, B
O 2R BOERE G H A AL A R iR 22 AR AR L
EMRZE AT TR R 228 0 i & HH i e’
Pk, SEBE T HLBRAS A AL TE 55 i ~Ga AR i, BIALA
fFRIz

K 0k 1) i 22 91 1) B SC T iR AR W) 5 S B R I8
A OOMA LR PR RETH RS, nl 45 B2 I8 S S5 Thi
R AERESS T IRAEM) & S B IR TR .

(17)

E=E,+G"(B+CD)+H" (B+CD) (19)
2 A UHE S ST T AR RO TR R H
REPLHL AR TR . T —Fr . B RECE A
I Y RS II R IS EWE S, S50
B E A, AT AT O . B DL S SCEE T 45
I AT R s B3 rb oy B8 SR 3 1 HLF AR RS A 28R
MR R L RSO E T, 45 G A5 ot ) o 1
O, FESE— 20 3R RGO A2 ARl 2 far VR R 19 45
FASIE I , AT 38 o 3 R P i SR AR ST B )
B ARSI ST R 2k F M RE DO RN TR
2.3 #RBIXTLE
G55 A A B SCHER(17, 18 ] Y B J - #2
AU, BT HR A RAR TR () 2 B X ZE T (1) 5 3CHk[ 17,18
Y B R FE A AR AH L, A R ASE A 2 SR T RS TR R R AR
SRR T A AW A A K AR IR B TR R e AH X
T EW) & 1 I 1) D 25 VR 0 MBS A | LA (W)
BRI, HRCE R T R LSBT R, i
SR AN E M (2) 54 BUMBIRUA L, A Al A
R S50 AR AR B th e R s b Sl T
SRR 5 i S R AR T R W) G TH
B3k ) 22 VE R HL PR BB R A, PR FF T 5 KRR 45 i etk
WA B 0 — S0 R R R s B mT S A S
W& R S50 53 Ar 1) H 1 g B Y Jo AR 1 1 5 e
SRR . T B AR ASE TR ) A G AR P B 8 i S A O
G TR UE

3 (RS

3.1 {FE#EER
PAZE B 8 m (58 X5 R S5 B o Rk k]2 Rk 1
8 m, B1H 3 m, TAEMIH 30 GHz. ML S8 A K
142 37 8 431 R, S G I A —10 dB. AR B g
I3 AR R B IR R
O(p)=B+C|1- Zi)

Hrp, B+C=1,ET=201gB RN ZHEH , o y D42, P 3R
ARG SRS EJ E Y ET=-10 dB, P=1.
K SR G5 A0 SCHE R L ST, REHTAR G540 1/4
BBy~ B AN 5 B s . T 2R EE SR T AN A5 4, A
210 GPa, % J¥ 7 850 kg/m®; [ 5 1l 1 M W 454 4, it
VAR 71 GPa, B 2 730 kg/m®. T R4 R4 AH 3¢ LA R
S AR R R L R SRR =
0.6 m.r,=2 m.r,=3.2 m.r,=4 m, P FEHEE 1T 5% 5
[&] iR h,=0.9 m.h,=0.8 m.h,=0.3 m.h,=0.2 m. T BB N 2k
Fa RS20 A S A, S A w2 HE SRR [ 19,24 150
1325, Hoh g — 252424000 8 7.8.10.7.7.7.10.8
8.8.10.8.3 mm. S THITAIAREE A 4 mm. PG 2

(20)




o9 1

SRR I BV & T AR S S T R 2k L PR RE ML L A A 5 7k 3139

B SE RARAH AT BROTAE Y, IR F T B R A 7 238k

70T, S5 B R P R PR A R S SR

Iy

! r3
e —
i r
! I

hs

hy

hy

5 K8 m KEAMTARLE M TR

I3 5 A B EAY SCER( 17, 18 1/ — i A
X EL , A G bR AR A Y3 FH Y R, R P 20 A7 T 42
SRR AL Y I IE . 25— 20, TR KSR I it AR a3 1 it )
A, TS SCER 17, 18 IRl i A8 T 2 8k, vl 86
UEJIr 2 R ASE R TR I AT e W) 5 BRI, B P iR
T BB IEBR S R s 5 20 R RN T i B
MY LS HAEIE A4 H ) 5 AT AR T, T 50 Tk i 44 i
PR AL 25 48 e A W) B R A I W E M S A
3.2 RIZHEETRE
R Y Y E T H P R PR R T AR ) TE A
SARRNE, B etk AR R R rik IR
W AR TR HEA T IR UE . ZE X FME ST 2 M 25 S5
Tl 25455 I DG R 3 (5) , HE T AT R A SCHR[ 17, 18]
B B SR FF AR 5 T R A ST R A X L
K SCERL 17 I i) = 854 A8 TR A5 B A 7 Ha M e
. =R AE Btk T
w,=0.051sin(2np*/a®)
w,=0.05/ cos(10mp*/a*) (21)
w;=0.054 cos [Sarctan(x/y)}

Horp o TR K.

R T B8 T AR R 4 TE A L 4300 R R R AT R
BB SR 17, 18 ] B B FFAR Y | Fir 5 ff R A
RUEAT H PR B ) AR = Al B sl ) AR T DL T
17 ) RS R 6 i, Herb R R R B T
T FRAELIR S 0y M RE D7 1] 181 (Nominal) , JH“+ 7 ARiC 1Y
SR RN EE R 3 i A AR A5 ) FEL P B J7 19 1] (Diis-
torted ) , FH“x"FRic 1Y ML A MEE STk [ 17, 18 11 — By

JEEFFR R ASAS g v PERE 5 T [0, T« bR i S 2R
78 A RE I B fift R A TR A% 4 H P BE 5 1 1] (Pro-
posed ). 5 I [R] AR, 0 G T il 494 5 402 O EAT P LE, = A
Bl ) AR T B0 B AR 450 A3 1T

o= ===+ Nominal
+—+— Distorted |
yo-=s-=x Ref [17,18] ]
o—eo—e Proposed ]

xz plane

Normalized gain/dB
W
=3

— — — - Nominal
+—+—+ Distorted ]
% x— x Ref[17,18] ]
e—e—e Proposed ]

xz plane

Normalized gain/dB

———~ Nominal
+——— Distorted

- —%—x Ref[17,18]
20L e—e—= Proposed

30f

Normalized gain /dB

40f ~

50

60

(c) 2B 3
Fl6 B AR LT 1Rk it g
P 6 7] U, A b A R 4 i SR SRk 17,18 ]
B o R AR TR T 4R A RS TR A DR 4 T v ] 2
O R ORI W) A B . AR 1 AT L, 7 2 25



3140 H, T

EE 2025 4F

F1 ZFRIEMETRER TOEHERL  PA.dB

HiH I 1 %2 BIE 3

TR AR -0.572 -0.637 —0.642
SCHiR[17,18] -0.578 -0.639 —0.655
Sl e -0.578 -0.639 —0.655
SRR e 22 0.006 0.002 0.013

A b, T AR R T S RS B . e =R
s 1) AT SO T, 5 A BB L, 325
25 45 2 I 22 B KB M 0.013 dB; 5 3CiHk[ 17, 18 189 —
JRETF AR L, Sl o5 8 2 B0l — 2k, Ui T T A
FRARIRY ()4 0 5 IR

T SO RSl ) AT B LT, AR TR i 3 TR k%
B AT R AR, SCER (17,18 16 B R TR AL i
F2 UL AR 15 10 Bl o) 2R TEAE SR A, T 2 A A AR 78 ) SR
FHAS ] A8 T B EE 1) 56 28 00 92 1) i 22 4 R i A5 TR I
AT B B HE T IT R MR Y 5 Sk (17,18
B B JR AR () B SR A )

WAL, SR T ARSI T i A R AR R A o B sk ] b A 4R
PR F — I LR R R AT i 5 AL A
Winl0 #:/E R 40  x64 (7 AL HLES | A7 32 GB, 1158 4 12
AL Mathematies7.0 AL . 225 H T =Fh Bkl m
ARG O T WSS 1a] . A 2 HhmT D , A H R ALy
B, iy P2 i A SR T T 95% A2 47 . [RIA
A FSCHER [ 17, 18 10 B A5 AL | T 2 A A 7 -
NNl EE

F2 SHEZHETHER THTERE

T H 1 A2 5 3
FROMBERY s 1.01 1.03 1.03
SCHk[17,18)/s 0.046 0.062 0.047
S PERERY s 0.047 0.063 0.047
i B BERY 3 L /% 5.0 5.8 49

3.3 ENTE

ZIEBIA RN AT, 5 X RS AR T 5 A
7], R ot , AR 22 18 90° Y B I, B[] B 57, 26 B
() A0 £ % 7 1) T 3 A8 SR AR L, AT I A TRl A £ B )
AN WL PERETT A . X R AT 4017, BRI 1
I TP AR & 1a 5, A AW & S80S 1 1)
2, gkl 2 XA R R L e RE

T PSR AT B3 SRRk T AN TR K A
AR M RE AT A . RPN RN R A EE T B i
FEW) G THIEAE Ry He it # BR A FR ds AR B R A7 1
LR T SR AR G AU 5RO e VR TR AN [
A0 8 58 17 14 T 1oy IS T, G v R e s BAEDIR S
(Nominal) 522k R R AT AR (Distorted) . H 18 7 7T 40,
F T 5 T X AN (R T 2 S8 T AR T B AN X BV L HE R

2 A A A B R, T ) PR BT e A R R AR
MG

o

10f

Distorted
[ xz plane
200 P

30f

Normalized gain /dB

40

50

608 | ‘- P U H R B |
20 10 0 10 20

B7 SR ARG RS 3 10 T 0 48 A T AS TR A0 A X B2 78y 1) A
LR

xR FTE R& L Wit R AW A B8R
ot R ) T A% 30 B e AR W) A T £ S L R AR T T
RN $5 A W 6 T 1 O 22 B /)N, B8 20038 A G 28 for 7
TRIEMERE . & 8(a) FIIE 8(b) 4> WM e HE W) A1 5 B
HWE J5 KK B (Root Mean Square, RMS ) 28 £k,
ik, b i 2 R IR R oKk R AT B FE W) A B VR 10 TR
K5 B (Origin RMS) |, SEZR KR T i) S H#AEZ 5 1Y
ARG E (BFP RMS). 7F fe W) A& V8 Z A1, i 55 1 i
LR T PG B R A A8 40, A 0.40 mm 2T % 4.33 mm
(HSF TR KW 2/5) s FE B B 8 Z )5, 5T
I e AV & R I DR BE Bl 10 A1 22 4k, DL 0.04 mm $2
F 2011 mm(AY T TAEWE K 1/100). FEREY) G

o (o A R IR 2 ElR S B/ RTINSl
R PERERH T R 2

VEHAL T 5 25 T00 RIS RS T S5 i A8 T 1A 7
HLPERE T . R RS TR A R R OK . R
JIT AR A RS AR R 7 LR R A AT, TR B AE M B 5 W)
GEBEEMmEENRA . K9 NE RAEHT
O TR i S AR R 5 T 1 A R AR A8 6 17 1) 1)
], Hoh iR iR 5 R 6 AR . DA 9 T AL, A L A AR
Gy i AR | T 4R R AR R A K 2 1) P S S LT
AR AR R R B A5 B

h T 2 U T B R A T B A A
B SCHR [ 17,18 ] B e AR AR 5 A B o A5 A ik
Fixt b . 10 A 7EE 3 mfE I F ol TR iz
AR 5 SCHR( 17,18 ] B R PSR 17 14y i P, o
AR IS R 6 IR MR 10 AT UL, A LSRR B is Sk
R SCRR(17, 18] 5 AR R AR KR T 1o [ 32 B Hr
AR B TR K w25 . SO FEECS, TOL T A it
TV SR ER R I RE B A 4.33 mm, 424 T T4
WK 2/5, WA IEAE R B 2tad 7 SCHk(17,18] —



% 09 M TRAR T AW T AR SR TR R H PR RE AL H R TR U 3141
5 0 7T T R T T ]
[ r ~ = 7 ~ Nominal
L / \
____----1 L X X +—+— Distorted
4 =" E ol / \ |
/,o " [ I/ ‘\ ¥ —x— % Ref[17,18] |
"" g vX xz plane
3L "f 1] 45 l/ \
g . = .
g ," =
2 Pie g
S 2t B Origin RMS ] E Vo
[ R g L
: o g )
1+ ,t’ 4 |
P )
L= )
07 L L L L L L L L L L L L L L L L 20
0 20 40 60 80 u
Angle degree/(°) . [N e e g . .
B0 S #ATVE T ol g T ARS8 SR 55 SCik[17,18] — B
(o) IRIGARIV R JREFALTR XY 1 0 1 P
0.12

£
£
w
=
)
o 20 a0 60 80
Angle degree/(°)
(b) BeAEV)EREE
518 H IGO0 (4 Lk S S5 T T
0r ]
—~~ - Nominal ]
101 +—+—+ Distorted 7]

«—e—e Proposed

xz plane

Normalized gain/dB
w
(=}

wn
(=}

60, 620
u
P19 T HA AR T e 2 T00 B2 5 B0 5 7 R A A %
BEfy 7 61

v JE TE AR (1 385 P 1L (0.1 A% TAR ). FEX P g il
L 3CHR(17, 18| B IR B TR BRI AR B T
AL PERETH T s 5 RO BUMBBUAR HE, SCHR[17, 18]
T TR R B o A 4 SR BT RO G 22, AN AR B
TE FAE 4, 100 HARBUAE D7 10 P R e e 0
TOCHRL17, 18] B TR L J0 1 75 18 R 2 4 4 e 1
W) AR ARRIE T DASAR B T4 4y 1A M 1 v

BT

5 R &3 A B B SRk (17, 18]
TR TR T B S RS Y ) HAR BB L, R
Al 8 451 B (R A O AR AR EA T X LG L 1R 11 T
T3 BT F T A (R £ 68 107 ) 39 2 0 R AR P 2k,
HE 11 () 7R JA FR 312 SRR TR 5 i 418 A RS 8 )¢
PR R, P 11 (0) A SRR 117, 18] B R P AR B 3R A%
R, i AAR IS T 10 R4 — 2L

0.00
0.02 I +—+—Distorted i
m t e—e—seProposed
= 0.041
g L
g [
El L
& 0.067
0.08
0 10 L L L L L L L L L L L L L L L L L
"0 20 40 60 80
Angle degree/(°)
(a) BUMB SRR TR g a1y
— T
r X XX
20F X % X
[ X
[ o %
151 < ]
: X ]
m L /)( ]
s 10 x % —x xRef[17,18]
2 [ x ]
° L /
£ 5¢ % ]
g 7
I ,/
[ X
0L / g
RSN /
X X
X /
5+ N X B
L1 L L xw L L L L L L L L L L L L L
0 20 40 60 80

Angle degree/(°)
(b) SCHR[17,18] B R JTA5E 28
P11 T Br A T AS [ A7 e 7 ) 48 2 40 % A2 Al 2 P



3142 H, T

EE 2025 4F

RIGMT H BN 5 s T AU
£ T TR R R 5 38 it 408 R A, b die 0 T DA A 2 R 2
IR, fie 22 TOLR R R LR -
®3 ENEEEATRSRE TR RS E S8Rk E

iH BT RETH
Kyt 0.40 mm 4.33 mm
G

ST Rk 0.04 mm 0.11 mm
T A5 7R -0.012 dB -0.090 dB
SCHik[17,18 —-0.047 dB 21.22dB

Hgs ik [ — ]
Jr AR -0.012 dB -0.095 dB
SR AR (22 — 0.005 dB

sE A S ML I, FEL Y Fis 5, ik
2 TR T RS BE 1 4.33 mm B2 0.11 mm, K& HIE
KA B ARG . 254 11 A 3150, i T I0EE 3k
W) iz B, DABRARCIR ZS R e SCik [ 17, 18] —
i J AR IR 7 18 25 100 % A0 A AR B K 2, HE &
BT o AR 25 O AE O, B 11 53R 3 R . TR
BF, BT 4 i R AR 78 5 A AR ds SR R LA A U A W)
AR FE B 2E T 00N A B 25 51 2% M 2214 0.005 dB, {1%
T RLBEH 0.1 dBAY AR iFiR 22 GEW] T P 32 i 48
B (AT 0
3.4 EhMREE

48 o B T R 4 A M TR IR S T AR BE, 25 52 3]
AT R . SR, B AR KT, IE AL FAS TR0 £

T YR ST
WA A XN
F,= lCdp()VZS (22)

2
Ho F o WA R 15 €, R s L 28 0,=
1.29 kg/m* 28 SR BE s Vo RGH 5 S R R AR R

FEQT B B KGH R R 6 9, KRR V=12 m/s,
IEWAYIE LS shBH 1 R4k C =1.5. i BRI 250K X
2R Ay il Jin 7 S B I L, 3R A H 5 KR AT SR RIAE R
LR ARIE

R A By 12 SRR b T AN [ A K A
TR PEREIEAT I . & 12 R R R
B4 75 AR Ar ] R4 T AS TR £ 6 10 14 1 i P91
S, PR AR S B T A . 2 A, i T E
35 AT X AN [ AR S5 AR TE B A KRR L 7E
READ A AR AT R b, 7 ) 2 8 1 BT A2 A AN AT
FRELG , HAH H AT 38 ar , KU for 12 A9 7 1) el i
ZET RN

S B —80, 6 B o5 K m L FEE TR
K& R AR T REY a8 . K 13(a) fE 13
(b) 43 50 K 5 J1 5 R A S R R W e e & i S
HAEW A G RIS B (RMS) A8 (Ll £k, Horb 2k b

S EI8AHIA] . TR AEV GHAE Z 00, 5 7 5 KAy 4t
[ R 0 B2 5 i i s T T2 RS 2 Bl 3 A0 A8 A, A
4.55 mm $£ T+ 2= 8.86 mm (A4 F TAEP K% 9/10) 5 78
AE A EAEZ G, RS A A R T T RS B
FHIMAAAL, N 0.12 mm $E T+ 2 0.22 mm (A1 24 T TAER
K1 1/50). FERcAE) S H#AET R R i @l i 3 2
e FEM A T ) A s, L H P R AT B 5

Distorted

xz plane

Normalized gain/dB

12 SRR B 1530 1% o g 55 DXy e [R] £ P AR R A0 £ 06 )37

149 75 1) PR ]
10—
o B
5 e ]
L d
E 7 ,"’ i
a ”
= P
o~ ’l'
6 o eeeea Origin RMS 4
/'
»',
5 e B
,’/
4 . . | . . . | . . . | . . . | .
0 20 40 60 80

Angle degree/(°)

(a) ISR ARM) EHEE

RMS/mm
(=]
>

BFP RMS

L L L L Il L L L Il L L L Il L L L Il L

0 20 40 60 80
Angle degree/(°)

(b) BT L

P13 5 AT SRR I B9 R e S S 1w TR A 2



o9 1

HWR, BB T o5 25 T 00 AR SR 25T Y 45 7
TE VAT FLPERE A3 HT . R T T 2 A RS AR R A 7 Fi 1 B 40
Br, S BURAEV) A TR W) A 2805 R 22 1R A
& 14 R E S 5 WA L R T 508 T s
PR 55 B B A R AR R X6 1o 4 1) T b il A
9 AHIR] . MR 14 AT UL, A FE A B3 ia AR AL fr 4t
i RS R A 2 1 Pl 3 e B HLAT 2 4 IR 4 e
URISLESI S

or ]
[ — ——- Nominal ]
10+ +—+—+ Distorted 7]
r e—e—o Proposed
2 20f ]
= [ xzplane
S I
30
- [ j
g 40 ]
S [ !
z i i
50 1
B
1]
60l b L | Sy
20 10 0 10 20

u

P14 F 5T S RET B 4 T OB M s S 2 5 i 412 i
A R Xk 7 )7 1] ]

S H—20, L E S SRR AL FEA T,
BEFH SCHk [ 17, 18] i J JF A5 780 15 i A Ao B R0 1 4 7
XL . 1S S )5 R A 2[R VE R e 4 T
TR 8 B0 5 S0 ik [ 17, 18] i J FF A5 780 %6f 17 19 77
] Hod R AR S T 6 M TRD . M 15 T L A R
BN BB SCEk[17, 18] T R TR R 7E K2y
1) P 2 S W B T R KA 25 . kR Ok R A
L TUUR AT AT B AW A 454 B K LR T TR
7 8.86 mm, AH 4 T TAEU K 1Y 9/10, BL I HE A B E
2 T SCHk[ 17, 18 ] B R TP AR AL 3 FHE T (0.1 %
TAEWEA). FERXFPREOL T, SCHR[ 17, 18 ] [ e T A A
ELIC A SR A TG 0 T (4 H PE RE TR B LR 4A)
WU T SCHk[17, 18] B AP BRI JC 1 % 8 K
S5 e W) A B AR IS F T DA AR A T 1
Sy B LSBT B

5 pblE e, X A B oras BB A SCik[ 17, 18]
B R AR i B A R TR 1) LR BB L, 3
Fo ol 545 G BN (R AR B AR AR AT X L . 16 S EE
715 KA 2 [FAE F T AS TR £ 6k 107 11 348 25 458 2 A8 Ak
M, Hrp 1E 16 (o) 2278 R BLis F R 5 iy 2 A
FEA ARS8, B 16(b) Ry SCrk (17, 18] i B JF
BEHRIRAT 0B M Zebr il 5 1B 10 PR3 —2L.

FAG T EN G RE L WA T RS 2
TG N P TET R ORG B 5 4G 2 P R AE, L R L T4
B RN K, e 22 T ORI R R ERFEF .

TRAR T AW T AR SR TR R H PR RE AL H R TR U o
TOXES
X ><\
7 , — ——- Nominal
" ,’X X\ +—+— Distorted |
o \\ /><_ = % Ref[17,18] ]

ey xz plane
\

Normalized gain/dB

K15 )5 KRG SE FVE TR B 25 100 gz SRLAL 5 S0k
(17, 18] B JEEFTASE A X 17 1) J5 1] ]

Gainloss /dB

4f +—+— Distorted

[ e—e—e Proposed

0.5+ 4
0.6 i L L L L L L L L L L L L L L L L L
0 20 40 60 80
Angle degree/(°)
(a) FRGTia AR 55 i S fig R AR AR
34+ e XXX
[ X X = 1
L X
32 7 ]
I X %
[ e i
30+ X % —x— —x Ref [17,18] 4
@ < ]
zZ X
2281 X i
=]
E P
=3
O 261 X ]
: x
L /
24 X 4
[ x
[ /
22’\/ L L L L L L L L L L L L L L L L L |
0 20 40 60 80
Angle degree/(°)

(b) SCHRT17,181 = JE LA
P16 7 5 XA RIE R IR A X B 3 g i e AR T 2k 14

x4 EHNEREFERERTRMAERE TR M
EAEE SRR AE

T A B fmm g5 Je/dB
TH K| wtE | BY SCHik frig | 58Uy
A Wa | BOR | [17,18] | BERL | BRI 25
BOLTH | 455 | 012 | —0.105 | 22.19 | —0.114 | 0.009
2z | 886 | 022 | —0.318 | 3423 | -0.401 | 0.083




3144 H, T

EE 2025 4F

SEA N3 RR 4 TAL 2 B A B i
2% .00 1Y TR KS B2 8.86 mm [ % 0.22 mm, K& i JE
KRS RN . 45a 16 ML 3l J0, th T kI
B e R W) im B, DABRARUIR S O SE vk 1 SCaik [ 17, 18] —
By J T AR IR 7 18 25 10 % A0 B A AR R K 22, B &
LT o AR 25 1 AE O, IR 16 53R 3 R . [
B, T 4 il R AR 76 5 A AR i TR LA 4 i W)
G RE TR 22 00T B 4 401 2% I 22 K 0.083 dB, {1k
FRLWIT E 0.1 dB 1 AR iFiR 22 FUIEW T i
i AR (A R
3.5 itEREXTLE

h T 2R UEE ) 5 R AR T 0 A A A
FETFARCR LAY EETH R, 2 5 50 T BT AR
B 25 ¥ A8 B X6k g 1) P B 3 BN [ . G 2 7 38T
I E 7 XA, A E T A B SR | T A R AR
RIGTFERCR T 95% , X SRR L5 e M . [FmF, 45
B SCHER 17,18 ] 5 R PR A 5 ], i 45 A A s 72
TEE A b5 ek 17, 18] 7 [ i 1A 8 4 i i)
AHAIL .

#5 ARAIRMEETERE

g | AR
S MBI /s k[17,18)/s )
i far B A5 SCHRL ] Bl | B4 H%
GIWAE-70) 19.547 0.641 0.704 3.6
I R gef 16.469 0.640 0.688 4.2

3.6 WHitEEEMNA

G54 DL sl i AR T T 5 X3 AR T A A
S5 e, AT LA MRS FE 5 a) b e i A A
RUHEATIAGN «

(DTETTRERERE I, B4R A AR ) 70 4 2% S T 454
W) A HEAE, 5 A B R H L BERS I8 B AL 1Y
THERS B, o T 00 B S5 25 I 22 A5 0.1 dB,
i T AR BEER

(2)FE T BB 8] L, Jr 8 Mg R ASE 78 7 Sk 17, 18]
TRy R ITELR SR L A8 5 A AR S BAE R
R 22 VR A SEEL T S5 R 2 Hr B e R as Y G
BRI 55 PR AT 5

(3) T4 g R AR 70 L 25 S A RGBS R0 T BORG JE
NOEASCHRL 17,18 ] B PR 1 350K, B4
TETFRORS B R TR, B2 08 T a8 5300C% 5

(4) T % R RL BT Aty &
P, SCHk[ 17,18 ] B B PR TC 18 FH T 254 T By
B ARERE FH T LA PR AR B4 420 1 Sy 3 o A R AT
B ;

(5) I 12 fire RS A0 B W LA ) DA B A % 4
T Ay 3 v ) R A T o B AR R D T e A
YER ST B B

Kozt T EA UM SCHER[17, 18] B R IT
PR BT 2 Ao RS TR Y B X L, e e e N A
PR R TE X EE M A 2 B R) | B AW Al
S TFRRE B . Rk s LAKT b = Rl AR ) 45
5 AT 2, S5 R AR LA HR R ik i ) i 22 1
Sy v M s A B S AR A L 4 I 1R) T e A AR
i, Fe AR G S OO T e AW A2 BT Y
PRI M, 130K B T b = bz A TR A 45 4
TG T TSR

F6 SHIEEERmEEIL

o [ e
sy | ks
BT fbi ﬁ;; k| %
1
SHR{17,18) ;TP ﬁ; W | RE (11&5@21&)
R A
P A ;ﬁ ﬁ;; | i

L5832 6 B HLEXT LR J5UA B RRRR FH AR
T, LIk ) 22 A Sk A 3 5 I ), RE RS I8
AV GiaH, BA R EOR R . SGik(17,18] —
B JEE ISR SR 1 B e T 3, A B i i 22 Ay 405 460 g
AN IS R, ol T HE Sl A P B B R R ) A1
DU, ANIE AW a5 5 24 U i A2 i, B E
T FRTE s AP e AE ) A ia B R A 55
FAFAETHAORE BE 22 A [n) (. BT £ A R AR SR JH — B e
TP, DLk i i 22 0 S5 Ha A i B30k T, 5 1
MW aias, BAE R T RN

TEMRABCIRIEE T, B 5 R 2k i e A W) 5 B
TS5/ T 2 2 dre AW R b 2 T A AR 2 A A
TREHARIE . AR A SO T SO TR R Y
HUPEBE DAL, IR PO e 5 S AN 3 R, 0 e
PERE Y Pz P T T ARSCRE SR . PSR ML i i 5
RRERL, T A 2807 P S A T R R AR B AT TR Y e i)
B IR R T AR 5 s SRR S0, i S B
THRAEVG T R RE PR RIS 5

BLAE A A SR A B 1, X TR AR i B
ST R MRACRAS T 1 52 BRI PPAS 7 5 M
K TERBIEANS . FIFH AL AR, A LR
IBFREAG AR RE AP, AT o6 iz 55 ], REAS 52
I P45 S AT AR T BE . S5 R, P BRATL F g R A 1
i ] U T %Al R PR RE T 1) P 119 45 ) B 38, e g AL
WL ARz B, T GBI T A B B S5 AR | it
T 2 F Ak B2 BT 5 2 A AR R A I



SRR I BV & T AR S S T R 2k L PR RE ML L A A 5 7k 3145

4 Hig

BT S S TR R Z AR A BRI T 52 22 YR8 PR 3R
My S R P BE AL, SR AL R R 5 5 BB R 2, ML)
TR PR Al 842 S A E Y (R R, S T iR T
ARTE S ThT R 2k L PR RE AR T SRR, SR B 1 A R
5 AL G2 S o0 B S LR S, R TS B T ety
A T et s . 5 EA BUME F AN L,
TETHRORGRE L, BT S AL A A RS 0 7 SR 2 Ty 1 &
LG RRRAF AL 1) 5 L, 7T LAGR B/ NI 278 25
R 2E R RZRPERETHBORT B s RSN [R] ., Brd
LR A RS R 0 il B R T 95% 77, A A T
SR B T R AR RE PR B DA 4% 5 M

S 30k

(1] 20z, s &, ufie)™, &5 S TR B9 5877 = 1 45
AR KL BT[], H T4, 2024, 52(12): 3931-3940.
LIP X, GUPF, BAO H G, et al. Design of broadband and
high gain metasurface antenna based on characteristic
mode analysis[J]. Acta Electronica Sinica, 2024, 52(12):
3931-3940. (in Chinese)

[2] ZHANG Y, LI G P, ZHOU G H, et al. Real-time closed-
loop active surface technology of a large radio telescope[J].
Publications of the Astronomical Society of the Pacific,
2022, 134(1031): 015003.

(3] MR, Tese, £, 55 . SCOT i R4 T SAR TR Z

02 AR 2 25 T SR (9. AR A AR, 2023, 32(4):
42-46.
CHENG X, YUHF, WANG X L, etal. Attitude control strat-
egy for multi-aspect imaging of SAR satellite with reflector
antenna system[J]. Spacecraft Engineering, 2023, 32(4): 42-
46. (in Chinese)

[4] DUAN B Y, ZHANG S X. Electromechanical Coupling
Theory, Methodology and Applications for High-Perfor-
mance Microwave Equipment[M]. New Jersey: Wiley,
2022.

[5] DONGJ,ZHONG W Y, WANG J Q, et al. Correcting gravi-
tational deformation at the Tianma radio telescope[J]. IEEE
Transactions on Antennas and Propagation, 2018, 66(4):
2044-2048.

(6] fiFmm, £5° %, B 5 XA I K o Bt 5 1 K

JE R4 180 R JEE B 2 W D). R 3L kR, 2019, 37(2):
187-202.
FU L, WANG Y F, QIAN H L. The effect of mean wind
power on antenna surface accuracy and pointing accuracy
of the Tian ma telescope[J]. Progress in Astronomy, 2019,
37(2): 187-202. (in Chinese)

[7] LI S, HAN B Q, LIU S Y, et al. Simulation-driven wind
load analysis and prediction for large steerable radio tele-
scopes[J]. Research in Astronomy and Astrophysics, 2023,
23(2): 18-72.

(8] Bedism. TR ML BIE . Jr ik KOV M), b
AU B R, 2011
DUAN B Y. Theory, Method And Application of Electro-
mechanical Coupling of Electronic Equipment[M]. Bei-
jing: Science Press, 2011. (in Chinese)

(9] Btsida, FAh . Bl R Z & IS BIALS Z 22 B
B AYRIFFE]. HL T4k, 2013, 41(10): 2051-2060.
DUAN B Y, WANG M. Research of the theoretical model
of multi-field coupling and multidisciplinary optimization
design on microwave antennas[J]. Acta Electronica Sinica,
2013, 41(10): 2051-2060. (in Chinese)

[10] FAh, AL, BURVK, 55 . AT S 1 K& A HL RS

GO h ERE YA 15 R, 2024,
54(1): 102-111.
WANG W, WANG Z H, GU Y B, et al. Electromechani-
cal coupling analysis method of deformed dual-reflector
antennas[J]. Scientia Sinica (Physica, Mechanica & Astro-
nomica), 2024, 54(1): 102-111. (in Chinese)

[11] MR, H O, I0ebt, 45 . R I i S0 58 Kk 3 i

AMEEDFFEHE R (], B B e ROCE,
2017, 47(5): 19-34.
WANG C S, XIAO L, XIANG B B, et al. Development
of active surface technology of large radio telescope an-
tennas[J]. Scientia Sinica (Physica, Mechanica & Astro-
nomica), 2017, 47(5): 19-34. (in Chinese)

(12] FA46, Bstvk, £, 5 SOpm R 2| g

B G AN R ZRR (). T R PR J1oE RS
2%, 2024, 54(1): 6-22.
WANG W, GU Y B, WANG Z H, et al. A review of full-
path electromechanical coupling modeling and compensa-
tion for reflector antennas[J]. Scientia Sinica (Physica,
Mechanica & Astronomica), 2024, 54(1): 6-22. (in Chi-
nese)

[13] BEA, wik, F46, 55 JE T fLfe sha 19 QTT K&k 5)
SRR A K oA (0], v R Yy )
2 R, 2024, 54(1): 79-88.
BAN Y, GAO T, WANG N, et al. Structural modeling
and analysis method of the active main reflector of the Qi-
tai radio telescope based on a simplified actuator[J]. Sci-
entia Sinica (Physica, Mechanica & Astronomica), 2024,
54(1): 79-88. (in Chinese)

[14] FA, BB, 3 TUZR, 25 . AR M It U S 5 T KR 7E S 3



3146 G S T 2025 4F
SAR H R I AL K4 T/, 2024, 33(4): 11-17. [20] CHONIY,DARDYMOV A. Reducing set of parameters of

[15]

[16]

[17]

(18]

[19]

WANG N, LANG Y, YU W D, et al. Application of
phased array feed reflector antenna in spaceborne SAR[J].
Spacecraft Engineering, 2024, 33(4): 11-17. (in Chinese)
MA J, WU Y, XIAO S, et al. Design of the cryogenic sys-
tem of the wideband phased array feed for QTT[J]. Re-
search in Astronomy and Astrophysics, 2021, 21(4): 88.
A RREE, FLAEDR, v . 2 TR I 15t U5 00 4 rl B
SER IR AMERTFE[CLAE -+ /Ui 42 [ P AL R AE 2218
SO BT PR R T4 2y, 2023: 368-371.

NIU S P, KONG D Q, WU Y. Research on structure dis-
turbance compensation of radio telescope based on
phased array feed[C]//Chinese National Symposium on
Radio Propagation (CNSRP). Beijing: Chinese Institute
of Electronics, 2023: 368-371. (in Chinese)

SMITH W T, BASTIAN R J. An approximation of the ra-
diation integral for distorted reflector antennas using sur-
face-error decomposition[J]. IEEE Transactions on Anten-
nas and Propagation, 1997, 45(1): 5-10.

ZHANG S X, DUAN B Y. Random error characterization
of nonsmooth parabolic reflector antennas with gore-fac-
eted or discontinuous surface[J]. IEEE Transactions on
Antennas and Propagation, 2021, 69(4): 1922-1930.
Besids . REE . AR SR M), P52 DY
TRHER A R, 1998.

DUAN B Y. Analysis, Optimization and Measurement of
Antenna Structure[M]. Xi’an: Xidian University Press,

1998. (in Chinese)

E& &I

AR 59,1987 4F 3 H A T db A TR
7. BN VY% F R R A R
FBERFGE 1) Ay FE M AT R O R /4 A B R
& WU S A T
415 :E190013497M.
E-mail: zhangshuxindd@126.com

[21]

[22]

(23]

[24]

[25]

the best-fit paraboloid at electronic compensation for ther-
mal distortion of a satellite hybrid antenna reflector[C]//
2022 IEEE 8th All-Russian Microwave Conference. Pis-
cataway: IEEE, 2023: 121-124.

CHONI Y I, DARDYMOV A V. Reconstruction of a dis-
torted reflector of a large hybrid satellite antenna by pro-
cessing its signals from a terrestrial source[C]//2022 Wave
Electronics and Its Application in Information and Tele-
communication Systems. Piscataway: IEEE, 2022: 1-5.
RAHMAT-SAMII Y. An efficient computational method
for characterizing the effects of random surface errors on
the average power pattern of reflectors[J]. IEEE Transac-
tions on Antennas and Propagation, 1983, 31(1): 92-98.
BAHADORI K, RAHMAT-SAMII Y. Characterization
of effects of periodic and aperiodic surface distortions on
membrane reflector antennas[J]. IEEE Transactions on
Antennas and Propagation, 2005, 53(9): 2782-2791.

MG, AR, BEEA . B IR IRAL B R 2E B T R 2 LA
MG AL BT 1T]. 72741, 2010, 38(6): 1377-1382.

LI P, ZHENG F, DUAN B Y. Electromechanical coupling
optimization design of reflector antennas including feed po-
sition error[J]. Acta Electronica Sinica, 2010, 38(6): 1377-
1382. (in Chinese)

IP H P, RAHMAT-SAMII Y. Analysis and characterization
of multilayered reflector antennas: Rain/snow accumulation
and deployable membrane[J]. IEEE Transactions on Anten-
nas and Propagation, 1998, 46(11): 1593-1605.

REZ T, 1999%F 4 7 A FILZRA ALK
T B P2 TR AL TR B i
WEFEA: . EBMITETT ) S R A5 B
HCREIZ T .

E-mail: liangchangyi99@163.com



