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Abstract An inflatable antenna is analyzed and designed, initial shape surface and cutting-pattern
of inflatable reflector are obtained. High precision cutting module and seaming module are manufac-
tured, which are used to develop the 3.2 m diameter antenna prototype. By a series of manufactured
adjustment devices, inflatable antenna is installed to rigid support structure. Two kinds of adjust
methods for cable tensional force are compared and analyzed, and finally spring adjust device is
adopted. Non-contact photogrammetry measurement system is used to measure the inflatable reflec-
tor with repeated adjustment. A measurement method featured by departing target with 5 parts for
the large diameter inflatable antenna is found after repeated contrast. Finally a high shape precision
of antenna reflector is achieved. The measurement results are analyzed to identify the deviation
and an improved method is proposed. These efforts can be referred for design and experiment on
high-precision inflatable antenna.
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» EK 973 i RIWH $E8 (51329010302)

2009-01-23 B FRK, 2010-04-28 IRBIBER
E-mail: followbird@126.com



2 ¥ RAREHERMKA R
1 5lF

REAXZHM FIRBFRLZR, AFRER,
BB, AR, WTREYER B, BN
RPHE. BREXNRBEHAERIRE, L'Garde
AFELPH T OR8N 3m, Tm, 9m, 14m HEF|
MREKKRR, HT 1996 ERNELAT 14m ORRE
HRAMEHNELR; £E Johns Hopkins i 4 H L
REM 1 LC Dover AR FHHIH—FHEARRAIAR
§13%; BKZ R Contraves /A F]BFA T FFIKMHRE
AT B EL SRR, SOk [1-6]) R RSRE
KAFEEELRR REXSEBHSE, 74
PEATTRATRTEE, MEREAER. IAE R
R ESREERSFHHL 8m HE N RMS E
£ L.5mm, 3C#R (7] /M 2m ORFEKKKET-E
FTRHAEHRLRE R 1.83mm, BiFT wHER
SHEERSTRM LI F0FEIREH R
EERER B R T TR, ERSRERE T
IR EE.

2 FERREWRIINE

WERHEESEER TRERE, BREHNE
mAE. i FEEENEECH, M TAENS
ERHRRAT S AT R E, 2R
B E AL ARE. 4 RHE N IEERYEE
SRARHT R BT FRIUER, P MR CEERe R 2 Bh
JEFBE], BAERIRR roz, BREN r § RITR
WM TR RS TH#EAT, ARSI

B 1 fr R B2 A A AT R B2k, 7E
SEEATA (1], 20) BREIK (r1, 21). FHEEH
TR LRAI BT S 2R LBt R Ak AR €0n°C0 A €,
WYRTUK € = 0. & XHMYEFLITFHAZN, B
BT NE . MR TN

z=12/4F. (1)
He, F AMYREE. ATHLBA (r,21) BEIR

Wiy
§;+pz (n+F¢4+ 25 )-Fln(2F).
@

BULBE r M6 XTEXRE, AAMMZ TR

=0
£="y4+

385

B1 REEEENEERTE
Fig.1 Shape of reflector before and after deformation

(1) BB 2 M € WARIRR. WERLEMSG AR
i

—dev dn —d: 0
€§=d£d£0£ y Eg = ndnon . (3)
g (3) WA, B FHRIME SN SN
N{ = Ne(1+ey), @)
N} = Ny(1+eg), (5)

A, N, Ny 73 R AR K dn® FEAAIINK de® &
B‘J?ﬁ)ﬁﬁm&ﬁ, Ne, N, 251 3407904 dn FI8AL
K d¢ ERMREE M3k, BIME NSRS
HWA. EENASHEN A2 FRXEE, Ne = tog,
N, = to,, t HEREE. EXRKKEFATRER
FAHMOE, B FH sina = r1/Ry, 8K (r1,21) FF
ROB R AN
pR;
5
pRy

N, =-2—(2

N =

2). ®)

MAINAERZRA
diy dig 0

dyy dyz O
0 0 ds;

S Rt MR,
Ng
Ny
0

&

=t & | U]




386

2
£ = Ngdnf. - N.,,(dut - Ng)
¢ dudpt — (diat — Ng)(di2t — N,)’

e = Nndut — Nf(dmt - N,,) (8)
7 dudat? — (dizt — Ne)(diat — Ny)°

3,0
Rl 5 = o WA = S =Ty ]
i3

r
1+e,
SHNE ¢, = % 1, Bl A BRI AT
BRI, B

¢
0_
¢ —.[o 1+Egd§'

0 _
=

9

(10)
ERDREN, B

/ drdq2
dz?: 1—[(1-}-65)%] lii_e.

XHEIK T RS, BE

§ 0
2 =J0 1- [(1 +65)d€r§l]21 iig.
B9, 2, BT AHER S E AP, &
FE TN R
B ERTN HRE T #T, FRNHE
. BT iR A, T TZRH, R
R S A T, MR H AR E
BN RET HE XS, REHTHERF. B
EHRNLER RAERITMEL. EETS5 VAN
REMMALS . X ERAN LRI L, ¥
HERHmEA A 20 F (WHE 2).

(11)

(12)

M2 RWEHE
Fig.2 Cutting line layout

Chin. J. Space Sci. ZR#A%%#K 2011, 31(3)

WEHE R RAME-HARR, HE=A%
BTHEATRAER, ZROKARERE. WE
REFEFERNAL, b FREHERITFETH#
R EAXH =R E MO RIFEERR, H#
BRI, RAERENNERTEHEITER
&, REER T (LA 3).

3 HEREHLAHE LIk

RERYMEEREHMNE 4 Fin. RSLAN
FIERT RIS R B E, MESGHAEREM
TR AU, RS T E A S S0 Bl e AL 40
BEE MR XEHRFEMREGR. R
M f/D =05 0%% 32m, REN 20Pa. KETH
FRAE z=0.42667— (22 +y2)/6.

KERFHEHBEEA Kapton BHE, FTUE
B Gt S, KEHFEER Kapton BEHIME, ¥
iR E = 2.5GPs, HRAM v = 0.34, BHEEE
K 0.025 mm, FHIRE N 2.31 x 108 Pa.

HERWRTH, FHET REEARERY
BAR, WA e s as (LA 5). HEARE

S
TR

PRV \

|

3 BRMH
Fig.3 Cutting membrane plate

spring and device for
axial rope adjustment

antenna reflector

B4 REBkEH
Fig.4 Overall structure of the antenna



A HF RRREHEARA SRR

EHE, ME 0.01mm; JRFr Z[MZEMA 6 B
B 1/10 AH0%E FC 7 Bl RS RO L AT 4B % HERG I
B, HUEREEE N 0.31 mm, RIREAFIE. HERAT
EH AR SERIR L, BT 0. HRARHSEH

B5 BARITBUR

Fig.5 Membrane cutting template

\

'

B 6 BARREBUR
Fig.6 Membrane assembly template

O
iyl
el U
level =,

T 7
water— ff
i
I

387

RAKMAE LD LA — R, 7E4E30 LITH 40
AT, FERE LB LRR . HEZRHRE
LHmE 7 BrR.

4 FWRERT

4.1 WHREFRE
HAEE R 8 FTR. B 8 iRy /MRS

| fd
B 7 KEZHRERERIEL
Fig. 7 Antenna and the lace

e

2l ||

B8 St
Fig.8 Border connector

B9 ElEREREY
Fig.9 Principle and the pipe



388

ARATFEAEVIRNAE, HRRTHIE/INER
L s KR SR E e gL, F LT
R RIBEEERE, 9 PKERPHKT
T 5 HR P RS 8, AR — KT i
TEMEE. RevMiEETRENE 10 FUR, Hh
PR B SR ) L EERT — 1 A IE R M SR R AL
B, REEREATRE BT, MATLUER S
KA.

-

B "
B 10 ReunieR
Fig. 10 Cable axial adjustment device

4.2 WRHEHR

TEEL PR NEAN G, WEAFE 3
e AR Ik

(1) BV &Mk

EVBMLEEE R TEL H LER
FRETRAGEY, BB e LR
AR — KT L. EER ih L4,
TRRE/MREE, {20 RS T — 5, KA 18°, KEH
WY RO EME PO ER L, RERTER
, #LEY. RERHSE BHA, FRyEEL
E—THEA, SEMENER, EMYERE AR
HE.

(2) ML

RN TR R AR RER L. Rt
RERPR MR, T S B A BRI A B i
B RS SRR, B, SREREE
EEFLRR, RETEY, URRERHKEL
AR TEE PY. H Photomodel 3k R AR NI &, K&
TR e VAR, Y SO T P s R A
B

(3) PRI A

EYBMERRCORBRIENA RN #H I
BERIHE, REREMSRA T MEERES,
BrUARREREE, T4 RHH R ASER, mMRYEH
SMIR L ETIMLY, VR B RHEZEFA
ZBERFIHE, REFRSKARBIEXLHFRY
B BRGTHRENRAR—HH, HEH

Chin. J. Space Sci. i #$58 2011, 31(3)

TERFABBRIGER 2R /MRS, KIEREAER
5, (BRI H AR I HUR R T RS 2 4 T )
FIROH OB, EEEONA A R E SRR 25 R
BEN.

A RRI I 2 T LR B S 0 2 R
HE A%, EEREINRAEN L f TRk
MRER SRR SR AEERE— RN, REREN
BB, HLRERRHER, MR S, #
BHUARUE. R QORMFH AR IR %
", TR R S e, —
I S BB E R — RN R AR LRt
B, B R RS RSB R K R A &
AR B R.

B TR, BRAEFEERATEAR.

5 HAREHMEITE

A Photomodel £k {4 FAH M i 2 BURIM M 1
A7, i T REE R, LA i
RAEAKRARRRE RANTHEFETU
RpUX—ME. WA 11 FrR, — S0 6 MBEE
TR ST AERFKER, DL 1 B, ZR A
ERHARE E M A B RETERAE A KR
W3, oAtk 2~5 HUELR 1, UL 6 A9 AR

location of
the camera

location of

location of
the camera

the camera

oooooooo

location of
the camera

location of
the camera

location of
the camera

B 11 ML

Fig. 11 Measurement method



¥ ARREHERM AT ERL

M ASKA, BIRRFER A FH= A1
BRAMIE, B ~ B FRETFRALLE 4 %8
$ro BRERRUA 12 RO TIAS SR, it
TR LA

S U BCR & (L 12) B4 R MBI EH
R JG, HEM Bt 2 o PR A B T b
8 RERHROEE, RENAOERE, BA%
FATR L # 1 B7 S UHBHRVEATR
HHER, BoRMBEALR D REEIRHE, =
WO RSB N B R T P M M
B, SIS RS SR R RAOR L
FAKFEL

6 it

RRRIFRER KRR TBEERT RH A

M12 ME=
Fig. 12 Measurement figure
%®1 ARME
Table1 Measurement precision
WRKE B EHE /mm
FE—RHE 3.06

B RN R 2.20
BERKIEENER 174
- AuhQlok <2/p -4 1.36

389

Z—, BXEGHIFRET —4 32m ORMESTAR
REFNL, BT REEFTIE, St HEET A
THE, FES AN SREZ AR RRE SR
AV, ERIRLAATRERWEE, 82T 21X
SAIH B EAEEER, AT HEREE. b
FRAEERENFLEFE—ERE, WENRER
SrE s BN, ARG A ik & Rom R &
LFEBER PR REREFIRE, EREREHE
R —E R, H—H BT R LIS RE R
TErR T E AR BT R, HEERRERN Y
WIRE KBRS, L TAETT AR, RIEREE TR
REH R HERAR RIS

&40

[1) Willey C E, Schulze R C. A hybrid inflat-
able dish antenna system for spacecraft[R]//42th
AIAA/ASME/ASCE/AHS/ASC SDM Confrence, AIAA-
2001-1258, 2001. 1-9

[2] Freeland R E, Bilyeu G. IN-STEP inflatable antenna ex-
periment [J]. Acta Astron., 1993, 30:29-40

[3] Naboulsi S. Investigation of geometric imperfection in in-
flatable aerospace structures[J]. J. Aeros. Eng., 2004,
17(3):98-105

[4] Tang-Tet Ng P E. Edge effects in pressurized mem-
branes[J). J. Eng. Mech., 2002, 128(10):1100-1104

[5] Steiner M D, Cars on D E. Large, light weight deployable
antenna [R]. Earth Science Enterprice Technology Plan-
ning Workshop. NASA, 2001

[6! HuangJ, et al. The development of inflatable array anten-
nas [R]. California: Jet Propulsion Laboratory California
Institute of Technology Pasadena, AIAA, 2003. 2003-6320

[7] Xu Yan. Precision and Deployment Analysis Researches
for Membrane Inflatable Antenna([D]. Hangzhou: Zhe-
jiang University, 2009. In Chinese (. ZXTBFX
LW RBIHHE. HM: FHLKZE, 2009)

[8] Xu Yan, Guan Fuling, Guan Yu. Precision analysis and
shape adjustment of inflatable antenna [J]. Chin. J. Space
Sci., 2006, 26(4):292-297. In Chinese (R, X #, ¥R
KSIRRGHES AL ERE )] ZREEER, 2006,
26(4):292-297)



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



