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Abstract

Abstract

The stability analysis of space structures is very important problems in structure
designing. However,scientificly and conveniently determinating critical load of space
structure including sheet space structure is unsolved nicely yet in designing.

Comprehensive and objective m ethods used to stability analysis i n structure d esigning
and application are necessarily to be studied.

In the sheet space structure system, sheets and metal skeleton interact by transmitting
mutual contact force in their uncoordinated joint .The previous researches conceming the
interactive problem in the sheet space structure system, are mostly confined to general static
analysis. Moreover the inferaction of sheet and metal skeleton is often simplified to completed
coordination of displacement in commeon joints.

However the theory and trial researches show that the interaction of sheet and metal
skeleton has great effect to the stability of the sheet space structure.But contact problem has
always been a complex problem in theoretical researches and engineering designs. The
constraint equations for a contact state are taken as the essential nonlinear behavior which
usually controls the entire process of the deformation.

In this thesis, some of the concepts and principles of the stability are induced and
elaborated, including mechanism, characteristic, classification, comparison of strength and
stability; constraint equation of mechanical state for contact problem is described in detail,
the traditional contact model is improved according to nonlinear stability analysis including
large deformation and large slippage in the contact part.

The finite element method about structure stability analysis considering contact
interactive problem is realized aim at the sheet space structure system. The effect of some
key points —number of contact elements, contact stiffness, coefficient of friction, contact gap
et al, on the solution result of the structure stability analysis is investigated, some useful
results are obtained eventually.

On the basis of above researches, aiming at three trial models about the sheet space
structure system, with the computational models considering contact interactive problem ,the
stability of the sheet space stricture are analyzed. The computational results are compared
with the experimental data. And it is shown that finite model put forward in this thesis can
reflect the real stability state of the sheet space structure system, and satisfy the requirement
of the engineering computation.

It is believed that the methods proposed in this dissertation will be useful to improve the
structure of sheet space system, and provide a feasible method for the design of sheet space
structure system.

Key words: stability analysis; critical load;sheet space structure; contact; Augmented Lagrangian
method; finite element model
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HREERODERTRENG BB ARNSE, FA%HERABEIIBMER ).
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FRAFRLFM BT

!
/ ,/’
A/ A.- A
a FHHEIHE b BEMNEIE c FENBT K
[23 22EHAEN
=. BEAKR

BFriffREARBREBELRES, N4 TSR, SHREHERAMMENED. EIIS
RALRT. EREAKBIEPFHRAIHA, DPERBFRERNKE. BALEARTHE
RENMEEETNL, ERESLGFERITRE, LATBKHRE, THRERN, WHRT
B mOET (H24) XERRTREARSE. TRLIELHUBREFTAERR LHEESMEIEMGR
K, X TEEBUBRISH, B/MOJLATSBETT BB AT L DR E A5,
=, BERER

GRERRERT, YRAMRERBAYN, PERERE—VEHRK, RRIFINE—AF
BAMBRITERE, BRREBASIHFYBEKKE (Snap-through buckling). ‘T T4 & A,
XERER, BRFBESERBNAFKLANAR, BERRBETHZE XK S —1 &
EPERE. BRAHAENNRERTRELH (0B 2.5) MERBR TR AR,

p P
Lq D m
e ey -.._‘_‘

\
\ A
1 8 P
y
h! A c
H \
i \ ]
rd , v 4
P B
H 2.4 B 5K 2.5 BhEK &

W, X KE
EXUSXKBNERGER: B fEHLEROMT, FEF-FEXUR, EEXER
FAREFE-FRAEPAXA, MEGIMIXATRT 4R LA TFERR, SEBR(EEEEY
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BoE duBEnRR

BN 5 9 R A R AR B 8.

HE, BER/ANSHNSXBRIRESR, LHEUHTIAERANRE. FEARHBKA .
FRIERMEERBESE AR HADBRATFENSS X k.

TR R RBHMERIE, ATARBERES N KBBET TR LRI HLE
(L FRIRHR), MIRAWBITES S LTS N ARSETRANE S, MRS
FIiksh, WHEEARREE, RN RN 4 2. SRR BB Rk
BT ES ST T R R EMEE (B 2.6).

Bl EREHSHENBIRIEPFHRAMERNBEEABEMU LY, LAETLURER
ERUNHERTHE HEABRKR.

B R FRAE SRR AR TR 43 (critical point), 51 5% AR BE BT8R 0 W5 957K critical load),
55 5 A3 AP UK B B HI7E (buckling congfiguration ) . ZEMSFRAEZ MM FARER Y
30 B M P95k & (pre-buckling equilibrium configuration) RIS TR A2 J5 P ARIRARR 2 /5 E i
PHRA (postbuckling equilibrium configuration ).

26 RSN KB

§2.4 BEABSBRERENXR

BENRSEIMAEFRERTRERA TERENGES, RehBARANKE: BE
RAMBAGFERRERTRIUMHBARSES, D8R &L RBHENEE. BT, X
FEENI_ETEUTRHMKR.
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FHAFR-LFEA X

1. HRAMAM

FREEaEN HMEERN SRR EMERRE, BEHHEASRBILRRIS K
7. —“BAAER—-BRERS, RRIVFRE, FFAMRANNIRZE. B, S5HBET
MREMBARET SE, SMAOKRERAL TGO MBN HE LT R T .

BERED, RERUSHEBE N PHRETHRRNS, SANARAE. SHERENTR
AT LMRE LR B AR D AE S R TR
2. WNER

BEMBARLREGE HEFRE, BhBERBELAUEEEN-MERAR=MNEBidkd
YHRAEER; MAZEREABU-NERRET NN THFGCRAALBIRE, RESEN
BgiH, siin, BREHNRERRH B2,

EAMELOAREGRBEARBEABRETRATEEAE. bR TRENEEETE
R A: 1) DAEEEHHERREES: 2) BERBRTLEHHEFIREENL: 3) MR
BREERA™.
3. BAER

B RS HERERIEREZIEN/LARE, BN 4HEERER ISR, BFRREE,
B R AFE, KURRBNEANGES. BREBSEMHESREATAZXBEREER
K%, RESERENBRR, BIRW—RSHEK, BEEBITETR.
4. BRI

VIthEREG LFIGRIE. PGk %) MENSHANREHENRESAER, AR FRE
SRR GEBE ) MR iR A EMEH) SRRMMEAR (R EmRENE
D, VESEBEERRENEETRRERS.

BEHAMBERESHSZLEBZRINHNTE, —ETFRIH, RBEMEEETNITEE
FRAKHD B REROTAGMAE. BR. EHRAEL RERERBRBEBRALGERS
THR, BIRE—NXTEHREVBHRICER, BREXFHMFAIERTETYE.
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BE¥ BASHEREMIRT BN FE SR

B=F B GWEREMI R TR B F 0

§3.1 WAERSGHERNER

RAZESERERR-HFRASRTALE, ROFEAMOELIASERERZEORN
EANETEASTR (H3.1.

BAZREATAN— M EERERER
AZRASHEROFFTEAE. FEE, K
RI{ERERRNRAE FOEMIE. £
BHERERD, RASREZAERRAA
LRERITER BTSN, MEXHIL
F LRSS EMRABER AN, EEGH
ERRE S 58 RE R M SRR B
HKATHEBRENEIERR HANRERAE,
MTRAFAENT SRRIXFALTHEHIE, K

KEESEmREE S HZRMERERMME
1

M 3.1 KA 2ALSHERAESTER (BRI

HREANTRCREHELE MR, EXRBT . EEXIEA ZESHGRIEREE T
TAHTRETL: fE3CRR(30)P, HEE NI BT HBEEREM RN R R AR RAER
S R ORISR KN E R A & S M 3R T BT T RE BN,

BE, YN EMARATERENRAXSNETERELER MRS ERDENTR, Xt
TEFMRF ZRGHTNS, SUERETETEEESHRREABRANRYES. Bk,
EXGREELR, BERBREY. KRBEpRE.

ATHRRLERAE, ECEFARRROERML, AXESFAZAMBUAER. XIBBESR
EMRE.

§3.2 XZERREBEMEE

AR A R IT T B e e % R AR IR, SRR E Rk
e ) (0158 Rl A B REUEE SRR LA RERE, BT EMIRNDSE
B, ZHEERERE. Hi. B2, AERENTHEENAER. KRBHA, RRERMKE
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FRAFRLEMRL

FBRILARE (R &),
T X A T Y SR T 0 BRI R A LR SE A, BESTREE KB IEIR K BT Hehin)
HR, TAENEMEARERENNS AREELNNLRES AT, MM FAXEAAHA,

WRATEAUE AhEGRAZAZASH, XHHRERBEAN.

Ba, AR EFENRER? £FE, BASCHEREEERERQAB-ET NG, #
R T ERHERQDERDNGRAERS S, AR, SANXFEIRPHHTER.

FEL, WREEMEBEP AT RN AE SRS Sk, BARE, HKE B
LHRTFHAFTERNENEETIREN, XURFAXFEEARANE,

§3.3 BfRAENER

§3.3.1 BMmESEME&E

ATREHE, BEEIERGRAFIYELR (B 322), 232300009,
Q=007 , BREMBTREE—IMIKG L BAREMYEZE, BEDR—IEN.

X2TFPar?P52ux 0080 maR, HROEDSLEETHn IHARARANT,
nATARTIAR E—ABREBEER (B 3.20).

Ryy T,
2@
Pn
. | 7 @

T, -—lpf,_l
n®
(a) (b)
Bi32 #mkRRE

AT A NIRRT AR B R, TR R E B M, B
AT 2 (815 B A R S BN R R A e i3t

WMRAVERENHARGIREE, WERPENEES), WHHREME LFRARA R, it
HEMA AR, ARHREN—EREN, FREEE. — 8RR, ERIEHEABT R, W
Bk, EMHHEEAEER.



B¥ BAHRAEREMATERBNDFSH

PHREURTURSNSEAHNART, » SEABNER T ATRRERMNLAT, .
MFE 3 FRER, tRa=12, REMTREEEMNDE.

HFEQBUREHT TER:
[=C+TP+T@+10+1P 3.1

RO RELTMERRAT, ATCEMEATEEME EORELRRLLHET,
EiEER TR, SREWSHILABREAREAE, WTREME LOERE—2Rb, EME

P JLF A AL
AW =@ O __ D (3.2)

#4, 1@, (g =12) 250wk ER Ay X BITAALEE, UTFEUa®, D g

BBRT, L—ANBRBLER, ERRBENHRTE AT,
T, b— A oA %nRY REA 2R, 2% PP, , HEHE Coulmb ERER

|P|< - 4P, (3.3)
Xeb, urEREH.
R AINREANZR N &S, B
P <0 (3.4)
§3.3.2 BEBSEMIKRR
ERABuTTRRN
u= {uj,,,uf }T = {u,(,') —u,(,z) + ao,ug) -uﬁz) }r (3.5

R L SEMARRBAERE R BN, BT ag HEMTBER.

SR B TANTRIEHN S o A AL u” . W5 BRI R WS M
sHhres. B
u=u®+u’ (3.6)
% Fu®, tHooke EH, WABSEMAP. ={P,, B, 2EMXEN
P=D-u’ an
R D D HM RSP
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FHARERTZFHBX

poEn O
0 E,

K, E,,E SFREMTEAREEERIAAERE, BRBHE.

i (3.6), (3.7) A&

P = D(u - u’) (3.8)

MHTRUARIE U, NUPEREEMMTE, TREMRERA, o 5500 0, #rhk
@AER 0, YYHKRAEVIREMEIZE, RSBREANLBENT SN, AYRAEENLSE
FB%ZE, ECERERAIHL.

§3.4 ZREMEE

§3.4.1 ZEREMEAERHE

MTERRE, EMiaAT, LE—SNBBEaER
RrTENTEASRABASRNEALER
7,7y, RE 33, FEEEBENME 34 iR, HPE

M S TSR IRMEE P A, Rikmh ik
MERERT RN,

B 3.4 TEEMBL



=% BEALSHEREMAFATERENNES

S ET, £~ RN P, R L8 u TS K

p={p.p.BY (39
u, u,(,” -u,(,z) +a,

u=qu, o= ug) "“512) (3.10}
u,, OB

Y T>

MR EMENRE, dTRMETTAFHYRET, MRS, MEROEE FEMEZR
MR F LAY, BREZRIED, BEMKEOMERME—BM, BEMmEEmE L
KSR

20 = —n(z),r,m = -r,(z),rg) = -1';2) (3.11)
g, 1@ o o (o = 1,2) 2 HABEMR SR S X EREA A AR,

B8R, ETREEARD. XAZRNBAETFAELEM, YHRAEHTE, LAXEMIR
yH Ak 0 B A 0 51— SE A 2

HrEmEEEna, UTFeUa® 1P P eniaAlT, L~ AnBRSIER, TR

AR TN n, 7,75 .

§3.4.2 WAL WHLAAERE EHN

REEMPAERAEEERAE, ATHERIEHTAFRBRFE-DPTFEA, BhEnE
R B R R R AR R

EREREREEMART, £, TTLAKA P8 5551 38/ () Mohr-Coulomb 1 ) 5 %48

R A ERIRTREIEE R, WA 3.5 R, FEMERERO %

,})f'_llgl _COs Pn >=0;
P” +O',, PH S—O't

<D(P,,,P,,a,)={ (3.12)

A, 4,Co,0, AFHRFEOREBRE, MEHRMAEOTIERE.

ERNEMET, REAMEEN RS HCy =0, BAREZENRRERELSERNT

0. FreAht T UBBEMRARSIREHRY#:
o(P,,P,)=|P,|- 4P, <0 (3.13)

21



FHAFHRLFMLILR

od
i, =¢—I\P,P, .14
. éa},r(,. ) )
20 3.15)
D=0 (3.16)

#oP, A Q1) AERKEXBRAEDERN, {ANDEARTRSRE, RREHRNOKA,

-g;(g,,g)ﬁmmmmmﬂ. & (316) HHRMAE L OMBLMREL,
T

Pf

F,

\f‘\q .
E
/

Bl 3.5 #&MhZEm B 3.6 O R

ERAEAEY, O(P,,F,)=0&R7— MUk, WM 6HF. OF,,P,)<0, #i
HRELTF O(P,, P, )=0 FEREZ K, BRESEM, B8 OP,P)=0, REALT

KZaf, vk ETaEhRBEF. Tk, X G13) RRTERUIAE—mRTHEMNE
MRS, HZARBHELE.

‘Pn ‘Pf
sli
—ﬂPn P
gap “n sl o
7S
3 SEN—
2 slip
3
B 3.7 Bphi& H 3.8 Wah&Ht



F=E BAGHERRMARTEABENHEM

B 3.7—3.8 B8 T UL LR A& A+ R sh & 4F.
B 3.6 HFECHER, EEBTLESRE W ARRROEMRE.

B 3.7 #niEeiRE 4% u, >0,P, =0; #M. u,=0,P, <0.
Bl 3.8 #REEMET, Bu, =0,P, <OMMESIEH, E|P|<-pP,,u, =0, FRER,

#|P|=-uP,,sign(Pu,) 20, RERZ.

§3.5 FHEAXEMEL

EWMRISCAE, RMEMEREIHETAERR D, 4TS OFEURFRYXHRS,
I EMENER A TENERR, EoTERERAETERRE. BAEAEHERTENE
HEELH, Fi, SEMtRAIEQREPRIIAEMEDY, BiEHATEMED, R0, A
BTN AR . KRGEREEMAE, U, SA0RHEN AR s, 16
BHEABBELR A ZRSIER HER TR PREMRE.

§3.5.1 14 RX BB BBk B

WRELEHREREARDIFPRAEEITERER, LH80EANEHEVNE, THHK,
T BEERREBAAAHALT, SHERAEMOHENEERNN, SERLFBFAHIE: “tHRAF"
HE (LE39) M “HiFiR” BR(LHE 3.10).

T B M

Target Target

B 3.9 SAIRFF
FiiR “OOBFF” MR, HER 39 B, E4HERRBZE, BMANY -4, HWHE
MERA g, HEEE, BREESIHEMRE, EMARERE, HURIERERENEES

1, T, A-ARZEAEERa,, STIHER W, a,>c, X BT 3 AL RMEk ST



FRAFH-LE B

KEFT, MELL, ARNB AKBEL, HEAENYa ke, ME, SHARTERKEEM
T, mBREMA-A ANERAEHE, XERMRE A AR B AFEE, SR T8 ARRE.

BREOHTERE (E 3.10), SHTEEMEN H C-C , FIHARY 4, £ERE, C-C
WESRER by, HRXMERAE, ERFFDERE “FB” IR, RETHNRER, EFL

R BRELFHRFENL, SHRBERE, BRANER LENZRC-D , HEMANND,.

BREFRETE. FUMRUAL I BASAICRSTIER, RRFBEHRITR LR,
FEPRKBEBTRE, RERAERLEL “F58” £8.

B 3.10 {hiBi%

§3.5.2 BHFEFRNNEMEAE

MTFHFEREZH. KEBORZRASH, RATH NS SHE, B, MEFRAE
MRS thr, EXRARENTHEERSARLUKR, B4, HEEERP K3 HEME
B k%8,

ERERA ZRGAEMR TERES P IA ST EMET, HHHEERRER AN B
AR A

B §3. 5. 1M “DRE” M58, TURRAMEMZFUERE “HFE” 1 i
" B, RERERETFIMBE-FHRIE T EMET, WAESHNRLEP—RFE.
BB AERHREREREORADERRERMNEG R ENEME LS.

BHEEH AT RARREER ZARENELNELUEMAT, SRS EHBEREMK
%, RALBRAENGR. RAFREGSEENESAENKE, £H5E5HFG0E%, £



B8 BASHEREMIATRRENDEIT

EhEpb L ERMY A MAE, MESERSRKR N AREES.
B, TLLREIBEH T EMER SN S RSN RN RN, BAEEER
Ef R A AT F WS TR EMAT, SRTEEML TR FES RN,

§3.53 EMETEHRREEE

REFAMERE TRV IERDNFEFEMET, RERORBEKEY A AMNERER
SR S, REK
min f(x) =[x, -x, ||

X, ={X,, %, X } € R
X, ={%,,%,,x,} € R’

A ROAEDEBEWARTM@, ROAESEMEH AEE; nm 350 X504 LY A%
Fogahik LR SR, BRI EAZRRAEE, SHX— AT CGE A TR .
> W

MR EEA S, EREARAK, ERYARD, KRN EAATT,

1 B, BMLUIOPTANEIIHA, IndexCurl (n), IndexCur2 (n) 4755 M7 a0 EMET
B AP S HIZEG YT R % . IndexCur3 (n), IndexCurd (m) 4:BIFEHk 29RT B hEAM T 004 A8
FESHN AT, HHRETH X3 E RS S 2 (R B .

fy=J(x,-x,)’+(y,—y,)’+(z,-z,)’. (i=1, 2, =n J=1, 2, *n)
2. RUERHEEERE[D]

fo fo o s
{5
So Ja v S
3. FRBASRECR[D] bR AEBE.
4 SR IE R MR BT A S ARG S R, 3\ SRS R 3 A
IndexUp1G)HI IndexUp2 () 4MFIi2R Mtk 0 30 BRI 55 MBL A BEMTET ¥ P 2.

5. EFF3H, HIBHISEME Y RE T —— REsiRmE 1 A,
6. WIRR5IBE, BUFNEMAT.



RREKERMLZRILL

> R
LEMT ARON, RBEEERLRRN, ERARBHED, A-RMTREMEMY A
BN, BAEZEHRERTEER. N TREEMATHITNE, RAMEERIEE.

FEmERL LT ANRS IS4, REFHSH
int Nsetp=0
HATIEIEGER, BILNGAEE B S TempDis;
for (i=0; i<nt+l; i++)
{for(i=0; j<m+1; j++)
3. HEWAFSRELERTINA IndexUpl, IndexUp2 FHITF. AN goto 2, T4k,

. ESBiSRAEE j AN £ F, TemDis= £ , MR j+1 415 | MAFAEEN F %5

—
.

L

F

X=X, 2 (fy or y,-y2 Sy o zm“"’;Z\/Ty
WEtid j+18, ERAR S, BHR25, K2, UEAATRE, WMEEsH.
5. MATHERWE, f..>f;lgoto2. WR £, <f;, W TempDis= f,, .
6. BERMENER f,, M IndexUpl(Nstepy=k, IndexUpl(Nstep)=p: Nstep=Nstep+1

7. BE2#TERFE.
SHEERAENHRERRTIBATH, UAERFNERET. ANTEENEESRTLES,
LA, WEENERARNE, BRREETREERARA, B XXM ONESH.

§3.6 Heh ] B A0 B IR

#3% Hamilton [REE, YWHATRLET, KENTHLARFREAMEH R, Hit, BiEM
Y AW B fEAFARBRREE 3,11, 3.12), BARGEEME LMD RATURISERALRE

3.1 R 312 EmMArgnEen



E=F WAaSHeRERIERTERERNDFS

XB, SPEREGERNRTETURTA:

[e,6e,aV ~W,—W, W, = f[ [, 7oV -w; -w; -W;]=o G17)

Reb, W,\ W\ W, ABRNR. B HEAE LR R R,
e,

B
W, =:\:W,' =§ [, 7 ou;as (3.18)

RIFFIABRAEAREGNOARR, 3.14) AFRRMUETHFBEXHEFARHRETR:
ETVIE%: (Penalty method) FIRIVGFEER

v L,

foh, k, WEMTRE, gy (Au) REmib REmREN.
E T HMRTHE (Lagrangian multiplier method) FEIHBE R
[ryde; Wy W, ~ I/‘LEAuds =0 (3.20)
v T,

K, A2 Lagrangian ¥, KOBESCHEMS B,
R LRI RS I, WITT MG B8 Sk 8 H R ¥ i(Augmented Lagrangian method), }
IR B

feydey ~W, —W; — [lk.gy(Au)+ AAuds =0 @21
o I,
FERE R AR HR NP iE B8 O BT .

§3.7 IRk BAH 7 £ (Augmented Lagrangian method)

A ERMPABEHELTE: REEHARTE (Lagrangian multiplier method) $0 77 i Bk
(Penalty method), —HEH B,

HHEBARTHEREARREFARNBERZIRRENENBEXNSE, KEREELTIA
Bk B B R THARRME BB AT ARRE RS, FRH G A ReT 5 N 57 1 £ R &7
UEARAGSHMRNEL. B8, TREZLRREENFHRTHARTREAZHTERE, X
M EERER BEENZEEGRLE, M=2RBERBFH.

TSR MERTE—H, RERATRAFARZRRMERE. NEBEEL5IANS
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FEAFRMLFAIEX

REHREFELHE, KAMMAENEDE, MHEREFENRYEMRRREE, ARTH
WY HRFEPURATHN AR TERENKRS, B2, NHEFTR4HSHUABERTERAR, N
BEKK, EHRNAPEAERTGRS.

ATRBALFERFEHTL, XEBENEAHRA —B2ERUTEEMRENERT
#—— /B 45 8 F 3R 7% (Augmented Lagrangian method).

W ERTERES Hestenes 5 Powell®™™ 7R KSR ARGMIL HBHR B/,
Rockefeller " AN 7 3T BIA S RA ML EE . 1.C.Simo ZESTHA[46) P AR T 18~
RAHRTHEMERER, HBThibis RS e .

HrrEEBERTETURRNRBERTENNEEENEH, BERRTER LR BN
KA, HRBRTEMNHFLR S, M RHEAHRTENBNHTS, B Tk B RTEN,
BARBHLHEERNEM S, EBMTEPFEMAGTES S hEM, T HET SRR
ARBERTSERGER, ANBEXERSE, NATHARSEREUXZERBERES.

BT, — TS EIERE Rk 88 B RFERAH RO, FIR %5, Alart #1 Cumier*?
KRBT /MBS, Heegaard M1 Cumied“IRINGE T KRB T AEEEMTH; Pietrzak
Curnier ZEXR[NBIPILEZERDFNMEIIAZN BHHBRFES, REMBRT REHE
5 o 1) R A K A 0 A

TR PN H#s 8 B e T i (Augmented Lagrangian method) R 2t 4 i) B, /B B B &
FEMERBARBEATIRESNETREAN A,



SOFE ETFERXRATIESHBENMINTE

FNE ETRMILFE TSR E RSk

§4.1 iR

MFEtam 8, ERSMREEEELRERBTEMEAR LT KEEHRROTRIE.
BRE, ASERMEEHAE, WNSGUBKABNRENLTRESEFARE. HR, NRYg
HBERMEEPFERSRE (ERNERAE), BARNERTAFHET. XTERE IS
RERBEITRE THEBAKAEZE, FRUHSHNSERBIEBTNREE, RERER
JE i B S e 21,

Bl S LATINT OB BEERES, UMREREREOEREREEE. B
W, XHERTHECRRT —Li R,

EMEXB=ZFFHRE, HrEMAENERFEEERMIE. hige HRFENMES R
BRTE. AFEORARINEREAFTHMRAE BN G hE, TUMRIIREEEES, R
i, WHERRTZRGAA T EMAREYS, ANSTRATRESNEERERENY, ¥
FIREE AT RTARR AN EES HBARESALR.

P B H RFIEPTLURIR R AR A, XRHMBTRAFEM—A. BE, ER&HA
T, EMEEEPHRTHARTRITOTERS, KSR, BEEHELESS
A8, M=EAFLAHTH,

)R B B AR T R MRS ER T Ti O AR B H T REME A, TR TS5 A A3tk
R M RRBBERTENANHRTS, Bl RO ERTER, BRARGHEEIREN
s,

SCHR[55,56,58 4540 B iAW P A BIRIR Tl k. RSB RFE. W MREARTELE
BAREFSIABIMKERBHA D, SHRELREEN B ARTER N A% 0RE
RTERENRT.

EXRAMT R ERT R L EET AR EH T EOMKERT RSN R kB
.

BRTHAT L E A R (ANSYS,ABQUS,NASTRAN,ADINA) # o] LUME R 44540k
EHMITR. 2XHMA ANSYS B A SHBERATIRM T RAMES ., ANSYS REFMHHH
SHBRERTE: SEEERM N (RREBEMT) ERME B,

2



KAXFRLFMRY

§4.2 KEEEMMT

BAREE: Mrogie, BAEE/ALEENTEFEN/LFSENEY, REHELT
BRUERE.

PMBLAURRBERESNITER IR BREHAHRREL, PIREFTHRERE
Hi R L™ 5.

ET LR, TS AT P A 4 B E T
(k]+ Ak ;M=o (4.1)
g, [K]--smenmes
[K ¢ }- - s mineseme

¥} --HBHERE UEMES)

A—— {51 (BEHETF)
R (4 1) FIERHFRHBATETRNESREMEETHALE, 8.
| Ki+ ko] |=0 (4.2)
HRTR, SREBEHERAR U EAAE, MRATONERAMNE, HHEER
A8 2 %94 1E 161 1o 4 30 5 B s S T (R R R AR B A T
X AT AR fh s, EEELUTLA:
1. BTHHEER AL R R GHE, BB =EERFER, HRBNE
HEHEEAER TEFGRM ST,
2. $EEERANRAFRESTY, WREXTHREERT, ELHREENS. M, mREH
ER eNRERETREIN BT ZROREHTHE, HAPERE,
3. AR T SR (BBRIBH) FRRREMMBAN Y, TESHEMESE

TR B AN ARE, BRREiRERARAER R4,
Bk, BT EREFEERE A EE TAXERMEE.

§4.3 SHEREBES T

MTREARGHAE, BHIRANEROZHER, REHRENG E X - ek 2w
BREFEERERL L.
g BE R B E R,



SOE ETEMKBIASRBENS IS

(—) S HATERT A MR & AT

() PEHE LR REASAAIA) B5hE L. BRI REH AN

() BBEEHNE RN,

ROFEHFLHOE RITHBEEATEMER xS0 TR 2 M RBRIRSEE
TXENHR, ZERRIBEHR:

() WRATRIHRE:

(=) W F ROV R R R,

() ML IR S

M) 5B s R RER S,

§431 FRURBTBRAZARETE

JUAEEERRAHTT, BRRAMBEARBER. MR FE—HOBER#TRANE
B AREEHER (FF L TR IEFNEAREEL (HHFU L&D,
HRTH BT TR ERN T

K(msj—l) Au(]) = R(mr}) - F(’":j"l) (4.3
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