5519 % 453 4
2022 4E 6 A

ERCTIE R R N

Space Electronic Technology

DOI:10.3969/j. issn. 1674-7135.2022.03. 016

— MR RE RS AR

PR S | O i o
(o2 T R FGE 5 P2 41 B P75 710000)

 OE. ARG s S AR R R = & S RS @, S RORR A Y = &) 4 RS A B
AT BRI EIT B R B R T AR EHRTBA RRA MR G5 LR ER
W, LR EaRRABRRARTENENG AL, REEAD TREAGHES M BT AN X
L RBT mAL G RSN EIRGT . WALLEREAN, £ AW v Z2 R4 E AL A v 2R 5 A &
HHEREST 99.95% & %4 a2 R dE Lkt sRe mik i T R @A R — TR &G 3.4%, 4
RS o 25 M AR A AR IR

KGR AR KL B = w1 BRI T S e 0R A O ALkt

FE S HES V443 XkFRER A M ERS 1674-7135(2022)03-0094-05

Optimization of carbon fiber triaxial woven reflector of umbrella antenna

LIU Tingting, HUA Yue, ZHANG Chenglin, XIE Ning
(China Academy of Space Technology(Xi’an) , Xi’an 710000, China)

Abstract ; In order to design and develop a high precision carbon fiber triaxial woven reflector of umbrella
antenna, the carbon fiber triaxial woven reflector is selected as the research object. The material proper-
ties of carbon fiber fabric were obtained by experiment. The antenna reflector with different structure
shape and different reinforcement scheme is designed. The finite element model of reflector under gravity
filed is established for simulation. The relationship between the precision of the antenna surface and the
shape of the reflector under the gravity filed is explored, and the optimal design scheme of the reflector is
obtained. The optimization results show that the profile accuracy of polygonal aperture reflector is
99.95% higher than that of circular aperture reflector. The profile accuracy can be further improved by
3.4% by designing the circumferential reinforcement on the polygonal aperture reflector. The research re-
sults provide reference and basis for the structure design of reflector.
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Fig.1 Planar triaxial fabric
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Fig.2 Part of carbon fiber triaxial woven reflector
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Fig.3 Gravity deformation of test piece

( horizontal and longitudinal )
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Fig.4 Measurement results of gravity deformation of

test piece ( horizontal and longitudinal )
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Tab.1 Material parameters of test piece

WH  #E/(Kg/m') SRR/ GPa jEEAYE
K 750 2.6 0.3
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Fig. 5 Simulation analysis of gravity deformation of test

piece ( horizontal and longitudinal )

3 REEEMIZITSHEST

S 5B 7 1A 6 FiR, % 1 R IE
R, TR 2 WENR R, TR BORS TR
2 IR AR/ N—E 5 m, T R LR AR 45
PRER . ST 9 B X BEE IR, & PrEAL
KA (E:50 Gpa,p: 1800 Kg/m®) finai , (i H LA
SEGGHRIE B AR S 1. Omm $E 25 mm, B A i b
T AL R AR AR

(a) T%E1

(b) HZ2

6 REEEWZIT(FRIFE?2)

Fig. 6 Structure design of reflector ( scheme 1 and scheme 2)
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Fig. 7 Finite element model of reflector

(scheme 1 and scheme 2)
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Fig. 8 Gravity deformation of reflector

(scheme 1 and scheme 2)
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Tab.2 The profile accuracy of relector in gravity field
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Fig. 9 Design of reinforcement (scheme 1,
scheme 2 and scheme 3)
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Fig. 10 Cloud image of gravity deformation
(scheme 1, scheme 2 and scheme3)
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Tab.3 The profile accuracy of relector in gravity field
T s UEY VEE

TY ARG o o i ”
1L.75x107* 2.10 x10™* 1.69 x10™* 1.73 x 10
(RMS)

VES.

5 #it
VAR T 7 4 = 1) 250 U S 6
G IR FRIL T LT 4 U 0 BRI B,



.08 .

LRI N

2022 4E45 3

TR AN [ e il 7 58 09 0 48 S i, s 57
T AR IRER ST 25 o WA Y i aod B v 5

AT LA A5 T A4

o HREM:

P ESub AR YR Nk R BAR R I RN
KSR T 99.95% , 78 2 3% 148 I 5 i Bk it
PR Ta) i 7 w78 RS B aE — 2B R 3. 4% , R
S ES TR S 2 ARk

Sk

(1]

(2]

(3]

[4]

1£&

T3/ AR A AW 23 TR BT J T o K 4k
F L BUAR B St % [T ] =5 B L 140K, 2020, 17
(6):1-7.

TAN L T,PELLEGRINO S. Thin-shell deployable reflec-
tors with collapsible stiffeners part 1:Approach[ J]. AIAA
Journal ,2006,44 (11) :2515-2523.

AOKI T,YOSHIDA K. Mechanical and thermal behaviors
of triaxially-woven carbon/epoxy fabric composite [ C ]//
47th AIAA/ASME/ASCE/AHS/ASC Structures , Structur-
al Dynamics,and Materials Conference,2006 ;1688.
AOKI T,YOSHIDA K, WATANABE A. Feasibility study
of triaxially-woven fabric composite for deployable struc-
tures [ C ]//48th ATAA/ASME/ASCE/AHS/ASC Struc-
tures, Structural Dynamics, and Materials Conference,

2007 :1811.

fhe N

(5]

[7]

(8]

[10]

KUEH A,PELLEGRINO S. ABD matrix of single-ply tri-
axial weave fabric composites [ C]//48th ATAA/ASME/
ASCE/AHS/ASC  Structures, Structural Dynamics, and
Materials Conference,2007 :2161.

KUEH A, PELLEGRINO S. Thermo-elastic behaviour of
single ply triaxial woven fabric composites [ C ]//47th
ATAA/ASME/ASCE/AHS/ASC Structures , Structural Dy-
namics , and Materials Conference,2006 ;1899.

AOKI T,KOSUGI Y,WATANABE A. Fatigue characteris-
tic and damage accumulation mechanism of triaxially-wov-
en fabric composite [ C ]//52nd ATAA/ASME/ASCE/
AHS/ASC Structures, Structural Dynamics and Materials
Conference 2011 :1993.

DATASHVILI L, BAIER H, DA ROCHA-SCHMIDT L.
Multi-scale analysis of structures made of triaxially woven
fabric composites with stiff and flexible matrix materials
[C]//52nd ATAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics and Materials Conference, 2011 :
2088.

PN AR , B, P = [ U A9 4540 S PEREL T ]
25412212014 ,35(6) :154-162.

TR R, RHEOT W1 K RV RR TWE 526 kL 5
PEREWFSE [T ]. 23l T4 ,2019,16(5) :38-44.

BT 545 (1990 - ), TARIF, M, 225 @ A 28 KA WK TR IT R & L& Mt 2 18 7T R ALt ikt

E-mail : 1316518575@ qq. com



