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Whole Loading Analysis of Supporting-Membrane Structure

. . | 2 . . 3
Bai Yuxing ©  Wang Shan®~ Gao Jianling
1. Department of Architecture. North China University of Technology. Beijing 100041, 2. Department of Architecture. North China University of Technology.

Berjing 1000412 3. Department of Architecture, North China University of Technology, Beijing 100041:)

Abstract: By Nonlinear Finite Element, accomplish whole loading analysis of supporting-membranc structure
and alone loading analysis of membrane structure. By comparing the two analysis result, bring forward some
advice about loading analysis of supporting-membrane structure.

Key words: supporting-membrane structure  whole analysis nonlinear finite element  stiffness
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RESEARCH ON OPTIMUM DESIGN OF CABLE DOME STRUCTURE

CAO Shen, DONG Cong
(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The present paper reports a study on optimization of cable dome structure. For Levy cabfe dome, which
is more complicated, the formulations of initial force distribution are presented. By a study on the topotogy
optimization of cable dome structure, a reasonable distribution of initial force is obtained with a view of
architecture. A strategy of optimization is given to solve the relevancy of design variables. It is approved that the
load-bearing property of the structure in the case is improved after optimization.

Key Words: cable dome structure; initial force distribution; topology optimization; refevancy optimization
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e R T TR MR R R A ROt . M E D G Rt IR TR FRCh ARE =
IR IR AR ST RAL K 5L . M.Kawaguchi 2Rt LS HIRIE B R
MR R BER, T T RETSHERLL T, &R RAT BN LR HEERRILE
R4

AR T RS MEHANALRTRR, X THBEAM Levy BRI, 4T EMWPHTNH 2
AR WRTREMGEUHEIMAE, ARIEBRAT MR LB T SEON NS 43
WL FHANMUG RATERERIT =, PR T LR ERA OB, 51 T R4L IR SEmg,
MM TREMEGH R APSEREY, HUATKEEST, 23RUENRSTENZ HIEERT.

2 FHEMGHMMAN DI H

KENGHK BN RRRTRHARE: N¥HA DS RREERES . EHERE S AEN
AR T, WA SKFRERARES, VHANTKTFER, SHEOEREIEREA. Tiex T Geiger
MEEHER Levy MRET, ARMIXRBELS, NEHLETIHEA N A TXRT LTS —
ME. AR SEEE—THENTHANME KRG BEEZ RES,

Geiger MEZTMHEMMBNAL B U EHE/LHSH (B 1) BE, HTFEHNERY Levy BEZ
Tigiy, EHFELEFE/LASH (B 1c).

Lhe
S
A@Z/ﬁ\‘;§ﬂ
KRR,
YaV,

/\

(c) ‘FELAEH (d) REMEHHHRS
B AHPLBFN Levy MR
Fig.1 Levy dome with central strut
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cosa,, cosa,,

n=e—3 i j = -
N =6, sin(z/n) (=ww=-2,.)
s cosa,, cosa, ) ¢))
=g ——t—= (i=w-Lw-3..) i
sin(z / n)
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(, _ sina,,,
fwol =€,
sin ﬂx.wol

- fwol Cosﬁz,wd + ew+l cosa: wel

1. 2cos B, cosa,,
(2

g* : f = f;ol cosﬁz.ul + eiol cosa:.ml

cos(a,, , —a,,.,) (i=w=-2,w~4,...)

cos g, cosa,,
_ j;d cos ﬂr.iu + ei»l COSO’:_H

~cos(a,,, =, ..,) (i=w-1L,w=3,..)
cos S, cosa,,

/.

; _,sinf, .
f#% e, —/;aa—" (i=12,..., w) (3)

» t, =2esina, (i=12....w)
ig*"-: 'u’+| =n- ewol Sin a:.wtl (4)

B 1 BERRILE IR w4,
3 FREMGHRHIMLLEIE

EE, SRR ERRRARNER, ORTHE-MNEREW. ERASGHLEE, T
RURAHERALBRUE. RN, REME-HEELGH, A—EMNBTNAKET, B HTHI
ik, HEWRBEENBNA2H, ANTRECERIE, ATRRKASES . RITERELME, Nk
TS, BIRRAMRLBK, HARMMAGRYE. &5, SHOTENERERRENEE.

EXFFRELRT, HESUERZRNANEA, FRBERD AHERERAD, WREUTER
ERBA, WESRANRABIFEMGER, SURRERETAXARES, B, BRIEHT
OB AESE TR R EPRE T S HEBRIFKEIELEHBRL FTERZNERAZA. AN, MRUFE
W ABIESMTRAA BTN, MR AKFE R, FEMRE, EEAWNERK, HTaER
H R, Rk, BN EFREKSHT, NRTREBIHE, BEXN RS NEMMHM-HE R
BABREIT LR T

REMEMNZRETH HRENEZANRES . ARZHRET, SHANDEEONHEN N
WU ERE. ERERET, SEMEMBSENGMN . SHRHNMNXHRRE FHEHR N1
GAMUEE. AIERERET. BRAELE, BNASHHEHRT. ERZTERRET, wREMK
RAREBAZN, MENNDDHERBTHEO M. Rk, AL PB4 & LR TR REUE
IFRAFRM BB AWM NN, FNEEMRENSR, TRt TEERAR.

KRG MLHIEAT IR TEE X 4 AT

1. HEEH.

2. FHWEMBLIELER.

3. FRIEHEML:

4. FEEH K,

WX 4 LR, HRARERT DM LSERTR. SRS ERE, REHEUERN S
BRW XLETRBNEEEGHUNBN AL B X R, R, HERNEEERARIEAE 0B K TR
THGER. K, B 1-3 ARBRELHSIEEN, FEERFENERYLHE.: g8
WA, RSB ERA BB K.
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KT IR R R B

1.
2.
3.

A KR

VI E:
B FERA T .

N EFE —ERXEX R, N TS AHNE T, BEMPEEITRM. FER—
ATTRCEA T Levy BRETHEW (B 1), ZHERZ 120m, FEJEMAEZNBIAA, 024, 020,
0.16, 0.12, HHRFRF 1. AT ERT K.

1.

FEBOTER, BEVERIT S #H KRS} Mgl HERTEEN RAE. SEEmH
{A ] TTUMREBTIHA N (K 2) MADMKRRU—FREKFE. BT RH RERMEHRE
MW, AR ARSI, REARY ERRERS, EARERELTE.
ATBM AAC R BARME (D, W 1d) ¥150N FEEU S00KN, LR TR 7124
500Mpa. FRBHBEIAN 0 =93x10°kN /m’ GREMEREE 0, =18.6x10°kN/m”, BIHIR
FEUE R ) SO%ZER ) BA K N 0, ,, S BT IREAE, B D) B8 BN A R A, =
MWD EBEER. BANERBM AR =4 -(0,-0)/ o, i=123: MRBNELEH
REEBR, WRNARBEA A=A -(f-N/f, EPfHhEHEBRE, £X+H
120/250=0.48m; o, ABRPURFN S, RIETRE FRAMLENA 0, R TR BEEK
10%, BEHABN K FWE, tWNHADATNARE 4 =2 (O —0imn) Onn - DHERNHERAN
EREF ARG E AR EEVERER, TNARERHBIETR, BRAKERERAD.
A R TR ) B S
WMRBERACHFT KB, NEBN KPR T,
R IREN EARSREE 30%, RN A s T RE R Rt IR D iR, BE
FAERESEHAERTEEEZIRENZIRE MO HIBEER. FREWERRES
FRETRHRAD, BRERNARE FREIA N, R RERRERE T R BT #R A
ik, BAMLSRRTERDH,
ERTHFRERCRNRERAN, NARERGWABREBFAMAER. MRUBER,
PLE R B RSB ERTRIC.

x1 REMMEHRT (&f/m)

Tab.1 Dimension of cable dome structure (Unit / m)

iKik:d. PAE R BHKE
BAM KM AR B S S S; S
15 15 Is 15 15 13 1 9

%2 REMHMAERNHH (REUKN)

Tab.2 Initial force distribution of cable dome structure (Unit / kN)

& # % ® &
ﬁl # Dl D; DJ D4 R] Rz R; . R4 H| Hz H3
YIsAR 1419 724 406 500 3080 1854 1232 1816 4791 2723 1691

. RAMAA (D VAR 7B SO0KN
5 ¥ #

AR GBS R vt B4 RN 3~5.
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3 BHULTEEIFTRSTHLIEOENAIH (RHLKN)
Tab.3 Stress of cable dome structure under load (Unit / kN)

L Ras D, D, D, D, R, R, R; R4 H, H, H;
WM HRET 1800 844 399 383 2666 1414 860 1238 6073 3173 1660
R E 1072 471 187 117 1048 433 206 273 3617 1770 7177
(ﬂg%f}%’i” 1511 557 183 76 1027 302 88 92 5545 2249 801
([ﬂmgﬁ%ﬁﬁm 1222 459 148 57 791 214 48 34 4403 1814 634
gL G 1269 479 157 67 855 247 68 63 4574 1891 672
R4 FEMEHNRITKE (B6/m)
Tab.4 Length of struts in cable dome structure (Unit / m)
H % S S, S, Ss
LR AT 15 13 I 9
WG CERRR 1KY 11 11 10 8
RALJEG (SRR 1K) 12 11 10 8
K5 DMWMAR DT (R4/X500kN)
Tab.5 Change of initial force in Dy (Unit/ X SO0kN)
AR Rk
I AT AR BT RRIEA
0.477 0.651
6 4 it
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B BBHEATETRR Hopf S EXBNBIKR, REBRKREE. KXHRNA wash-out MK
BER, HIFRUHRELIEF Hopf 4 & BH ARFEMT R DEIRR Hopf 3% . HAMEA Hopf
HEZERBBHIR: BREXFIIAK wash-out IBERZHB, 5L Hopf 7 & MR HMA,
EAMGHNEREBARERANMEY, doBRYSRBHNREOXRAEFRUERENG. BEE
SHERURETRHENERE, SERANEREMEXKRFE.

XMig: FRUEHNR: WRBH: wash-out BEBHA: HopfH®#: MBRMEERE

FLUTTER CONTROL OF AIRFOIL USING WASH-OUT FILTER
TECHNIQUE

DING Qian, HUANG Yi, WANG Dongli
(Tianjin University, Tianjin, 300072, China)

Abstract: The sub-critical Hopf bifurcation, a catastrophic type of flutter, can be induced for structures with
aerodynamic force. In this paper, the wash-out filter technique is used to control the flutter of a two dimensional
non-linear airfoil, to transfer the sub-critical Hopf bifurcation to be super-critical one of benign type. Firstly, the
point at which the Hopf bifurcation to be introduced is determined. Then for the introduced wash-out filter
controller, the linear control gain is determined according to the condition of Hopf bifurcation. The non-linear
control gain of the controller can be determined based on the relationship of the flutter type and the parameters of
normal form of the controlled system, which can be obtained by the normal form direct method. Lastly, numerical
simulations are used to certify the validity of theoretical analysis, which shows that the amplitude of flutter of the
controlled system is greatly reduced comparing the original system.

Keywords: Non-linear airfoil; control of flutter; wash-out filter; Hopf bifurcation; normal form direct method
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