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Weight Reducing Design of a Spaceborne Double Reflection
Paraboloid Antenna

HUANG Fuqing, ZHU Qingliu, ZHANG Dengcai, CHEN Yijin
(The 29th Research Institute of CETC, Chengdu 610036, China)

Abstract: The mechanic simulation and test are carried out to solve the overweight problem of a spaceborne
double reflection paraboloid antenna in this paper. First, a three-dimension model of the antenna is designed
with aluminum alloy material and weight of the whole antenna is calculated, but the weight does not meet
the requirements of index. Then, optimization design of the model is carried out based on characteristics of
the carbon fiber composites. Meanwhile, the structure strength of antenna is verified by mechanic simulation
analysis. Finally, feasibility of the optimization design is verified by vibration test. The research ideas and
methods in this paper provide a reference for the weight reducing design of spaceborne antennas.

Key words: double reflection antenna; carbon fiber composites; weight reducing design; simulation

IR RBARSERS fl. RN, XMARER S B 3
PE, BrCL R BRET 4 R A4 RHRIAE B R A BEPRIER
LR RERE, HER, Plebdikshaedrse, iE
REARZ i ARSI,

N T T A PG R, SOk [4] Wit 7 Fb
RMGEMEHIYIH R, JFEENA TRA%ELS &
MRV SR B AR S R et SCk [5) 4 T —
FRERE A IR B UK ET YRR 2, JFxT R 2B JREE /AT

5l

]l

BEE RHABOR KRR, R LT e B 4L ok
B, HERMORBOR, (ETIR ihot ER  EOR A
FEH R, XK iR RN I, R K
RS I RS RT R, SR %, RE R
BR, AREXETREl R, R AR ALK
BULBRAPRII IR R E , U HE DI FEE AR 5 P88 D SR 2 Uk

59, R U ST R L IX 28 22 AT
25K, FEAESHIBR I RS . BT ARLCIEAA KL, I
BT AR ST 2, B O R 2 0 4% TR At 2
R

BRET 4 R AP RHE LU AU RE, AR A
AN T T R B8 R R LA i e A
BReFHE IR R I R G AR BT ER. HER.

* is EEA: 2020-07-17

Tty SCHR [6] filE 7 —Fhm B TRS B B &%, JF
BRI TR TSR B S HAT, B
YT R 2 FR AH 5% I T AR vh 7 SRS B S T )
Ty D5 L T E IS5, X S T A R 2 T
Tl WLARE o A SCHRE T U OSSR £, 38
AL EA RIS R AT T R BB, JRiEd
D7 BRI 2 BB AT AT PR REAT T ERAIE .



- LRI -

& 3 404K > £

2020 4= 8 H

1 B SHHIE R &R IG5

J O S TG R 28 o AL FE 3 R S T
AR ST W @R S T S A A A A5 IR S P AT
HARRWE 1 Frs. Ho, @RS B 2 K48
500 mm, KMABEASHEENIN TRE. =& m
RSFHER, H4EKL40N 1.5 m, K 2 mm R
JERCAY, SRNG5S % . &SR AN
Ml $iE Dl BB =i s, 295, HA
JREZIN 40 kg (HLABE 2.5 kg), @FERN, A
W R ER, WERTRELRI.

F AT

R SCHEAT

TR

K1 RERAGES R

2 st
2.1 SEWEERIRTT

KRR E BRI, 752 R0
SRS TN, TR ECR FH 9 P B S 11 e 8 I 2
. WeEREEMEEMNS . s A A
B BB . N AN R SONERET YR A4
B, FE 0.3 mm, £ S 19.4 mm, S5 JEE
20 mm. ZEAFEFHMER, RE. BE. A
HRZE, WERIER 3 ZHES 1 [F M M55J-6k B Aif
2, AN R IEFR 3 E S Al R T8OOH M i 2, ¥
THI 568 35 2 B TSOOH AT » W i 56 A 4 ek ik FH 7
IR AR (AG-80) . 32 & TR AT 4EAT i
FERR VLR FHUE S ) RIMEEE 1, DURIFGR¥E 7 b B TR
FERSA T M AR —8. A HEFRERE. /)
SVERE R T 2 AR M, 1 5 mm x 0.04 mm Mk
(R 5

TR B S B B M RE SR, Rk TS00H fE
RYEGEARL,  AG-80 PR REAE FE AR A R, B AR R
R, NI ACNHE R, A B A B R R L
HE,

SCEEFFAE R B RSTH Z EEREBAER, BT
YRS . R (L1 m), NT
i, RAEAN 30 mm KhSEEIRGEH, R
T8OOH 1 A58k Kl AG-80 R I 1 FEAKH K .

6 -

XM S BN EEA AL A A SO T
IREHEE, BRSNS E. B ER AR
BRHEE G4 2A12-T4 # KL, BEMFRAK A £
Ti-6Al-4V.

A R RS MR I ] 2 B, Rl &
#1916.5 kg (BRUEN 2.5 kg), /N T 23.5 kg, 8D
LB 59%, &b Rl R TR PR R . B TR ELEL )
P EAH H ORI AZ R 26 BT 5

Rl ST

PRy,

TR % SR

]
B 2 Ak ia i) Rk S gk fy i Ay

2.2 ARTRE

LR e RS TUR MR BRI R, AR
L =R AT eI I, SR ER T
Forb, AN SR AT SR SRR FH 25 05 B o P R A
M, SCHEAT AR oo, IR B N iE R
PERI SR BT EAT RIAASAIL, A 08Ee mUoR B Ak
Blo TR RAT LR T BSS THT TS T R0 A 22 4 200
flo FEBMRLARTHA I 3 Fros. AR
HAEFR AR R IE R 1.

Kl 3 REATIRITHA

® 1 GHRMRDFMESH

g TEBLE Lo NG
et ERE e TRORR SR
2A12-T4 71 0.32 520 2800
Ti-6Al-4V 109 0.34 950 4440

T800/AG-80 65.6 0.26 450 1700

2.3 &SSO
xR EAT IR TCHRE R AT RS 0 i, S HCHT 16 B
B, Hp R — IS mE 4 o, IRECVEIR



F365HE 4

BEE, F: JEHURSH Y R &R R BT

- BT -

S Y FERIESD, IRENIE N 12 Hz, BT TR
2o DR G IHRIR, 2 25K,

B4 REH—BrERm

2.4 EZIRE;DH
REIEGZIRARI KA WK 20 KBS BRI,

SR REHAT X\ Y Z = AT R IESZR 3 o
Bro PEHCAT 16 Frfeas, e AE 3 ZE sy A LA
A RUR R R TS A R 90% IR . B
BRI E B E N 0.05,

* 2 EaRahidig e

WMHRJEE X, Y. Zzm\  BfEE
/Hz, RohEE /(oct -min_l)

5~12 10.35 mm
12~20 6g

20~25  AIPEF 109 4
25~35 10g

35~45 TIEE 69

45~100 6g

REAELERTE R B L Z o e bh, 5 et
PR, FTUALE X Y [RBURIE N A HE . Wil 5 BR,
Y [ R I B DR R O, KR IAE
SBEERAL, 1F 12 Hz MHE RN FEER R, N
623.7 MPa, @it 7SR R 520 MPa, A
JRELR, TEB—PIER.

Yo

Z

B 5 RE&RHNMG 7

2.5 ARIEK
MRYEBAURENL NG O, 7T DA SR I TR

FEE e A e Z MVE Bl A, A S EE T S R

SO HEE T, AR E. REIEN

Ja AR 6 frn, @S BN &Rt S

F IR HERE. BT LR IEZREz o b LR

FEAF N FEBOR, DAL I R A ) S0 i B v R B 4

Ti-6A1-4V, Stk fa K& AR AN 16 kg FHTHAT

BEAS T, REM—Br A 5508 16 Hz, HARME

K 445
ﬁ/r@;ﬁ:
\\ww

Y

T

Bl 6 ISAUEHIREL R

AR R 7 B R AT X Y. Z =W
EZIRE M. Hrb Y i, NAMERK &
KNS BT S BEAT AN B A . S BEAT I B KN
719 102 MPa, /NTERA4EmIpihism . FiEss
B2 W /1R 522 MPa, 6/ T8k & 4 (1470 o i i
950 MPa.

FEM T HBE BT EMSE, % FtE%
£ E

R 220 g
o 522
X kNG EREG o WIRIRRLT): o RVFRIRT].
HHE RN 1.8, KT 1.5, e HER,
3 IRIEIE

N TSP IRAE R LR T 5 5 R Bh iR 56
BOR, MR 2 RRIREN A, G R ST
X\ Y. Z=AFmmiRshe, wE 7 s, B4
J5 15 BEAT IR B AT ARG . 1E %R Bk 56 AR 50
JE RS . FIIRSE R LR 3, I s R 5K
{H R —30

K7 REMRSAE
* 3 —MInENHAEESREEXL

J7 1A FEAE/Hz  WRIR{H/Hz
X I 16 15.6
Y [ 16 15.0
AL 84 94.2

(T#H %41 M)
.7.



F365HE 4

=%, F: ANBEEERESMIEOCTIL L ER

-FIETZ -

[5] GAUTAM G D, PANDEY A K. Pulsed Nd: YAG laser
beam drilling: a review [J]. Optics & Laser Technology,
2018, 100: 183-215.
[6] WANG H, LIN H, WANG C, et al. Laser drilling of
structural ceramics: a review [J]. Journal of the Euro-
pean Ceramic Society, 2017, 37(4): 1157-1173.
(7] PhoLte. P& BOCITILERIISE [D] . KF: KEHIKR
%, 2007.
(8] #MEH, B T4, BAN. W TRERENCREBOLILINL
gk [J1. P EE0OE, 2020, 47(5): 1-16.
[9] KACAR E, MUTLU M, AKMAN E, et al. Character-
ization of the drilling alumina ceramic using Nd: YAG
pulsed laser [J]. Journal of Materials Processing Tech-
nology, 2009, 209(4): 2008-2014.
[10] EiE, 220, TFM, % RO T [J]. HEEH
)6, 2013, 40(2): 1-12.

(11] Fwk. FETRLFH0E I S Sl B A R In © L 26t
F¢ (D] MR, 2019.

[12] FRR. CREOGHIN LK KRG @& TZH% (D] . K
IRYE: WA /RIE TR, 2013.

(13] =%, RiE5, SR, & WP EOGE 981 M %o R 1

(B3 7 W)

W6 5E R A R A0, TEMIRAT L, H
A7 TR B R PR IO TS R — B, I e
i, BEMB R EIKI R

R R (L — AL TR i
VERGIE bR, UL RS, 2ot iR 10 R X R,
SR BLHL T Fh B P BRA E ER

4 ZEFRIE

LUAE SR 2 i 17 1 5 A SR TR 26 [ e v 5
FCo T AR Sy H B A2 3% PR OB A THT 2 ) B A 45 1
WEFC. W 4E R SR SS AL R B4R, R
PR SBHEANTE, W T R B SHYTE
REGH B, AR S e IR S0 . K
Bk 2T 4 e 5 e J2 45 ¥ S P T D0 T R 2R s v e B A st
AR T E R, AR R g s R R A ki
M T ERGERIT k. TR R SR EIR
Bl . 2R MIBE SRR TR E BT &,
VIR EERT S AT AT, A A KRR R SRR
Wit 2%,

2 F Xk
(1] ZEp, OB, BREF4ER A ARME R SO M [T] .

R E [J] . AN 5HOE IR, 2012(2): 387-392.

(14] XK. b X Bk Ao 445 4 2 T H) PP B0 N T 2 5T
[D]. MG/RIEE: W/REE Tl K2, 2014.

[15] ZHANG J, LONG Y, LIAO S, et al. Effect of laser
scanning speed on geometrical features of Nd: YAG
laser machined holes in thin silicon nitride substrate
[J]. Ceramics International, 2016, 43(3): 2938-2942.

[16] WANG L Z, ZHAO W Q, MEI X S, et al. Im-
proving quality and machining efficiency of hole dur-
ing AIN trepanning with nanosecond pulse laser
[J/OL] . Ceramics International, [2020-07-29]. https:
//doi.org/10.1016/j.ceramint.2020.06.179.

[17] CHEN M, HSIAO W, WANG M, et al. A theoret-
ical analysis and experimental verification of a laser
drilling process for a ceramic substrate [J] . Interna-
tional Journal of Advanced Manufacturing Technology,
2015, 81(9-12): 1723-1732.

EEE B, 197954, ME, HRIALF, E
ZNEFR T EEARL A bt F 2 B R 0 TR,

EH2, 2011, 4(3): 52-55.

(2] FRBM, Tk UM, AR, 5. B4R SMRE BERLE
g RIAE [J1. BFHU AR, 2018, 34(3): 52-55.

(3] JIFPK, /g, whting, 5. B EOK D4R T RG340
Ak it [J]. BFHLE TAE, 2018, 34(3): 201-212.

(4] 30T, BRI R L&At [J] . e s B2
B4k, 2016, 33(4): 13-17.

(5] Ay, VPl FEEABFRA AR LGB [J]. 24
EAFEL 2010(3): 20-22.

(6] 7575, Lok ks BEOR AT 4 SO A IR [J]. HFHLA
T7E, 2012, 28(5): 53-56.

(7] FIRF, FIE%. ABAQUS HFR It/ #r el s (M. b
I AR T H A, 2009.

BEE B, 1968 F 4, R IARNF, TE2NFE
KAk R MG T

KRR B, 1984F 4, TALF, T ENFLA
W% Ay AT

KEM B, 197354, FHRIAEN, TENRF
E4% R s Mkt Tk

FRILE B, 198554, TAIF, T 2MEFLH
W% Ay AT

41 -



