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ABSTRACT

There are many contact problems, such as the gear meshes, the joints between shafts
and disks, the tenon/mortise in aero-engines, which exist extensively in engineering
structures and machinery systems. The reliability-based shape optimization by the
object-oriented stochastic finite element method (SFEM) is a new field in the contact
problems. It can be used to not only optimize the stress distributions and improve the
ability of structures under loads, but also simplify the programming of these problems.
Consequently, it is very important to research the object-oriented stochastic finite element
method and use it to the rgliability—based optimization in contact problems. The following

problems are studied and analyzed in this dissertation.

Theory and method of stochastic finite element method

According to the present SFEM theory, SFEM equations for concrete stochastic
variables are conducted for 2-D and 3-D non-contact problems, and the methods and
numerical algorithms of SFEM for contact problems are presented and researched by the
substructure agglomeration method. The SFEM equations with concrete stochastic

variables are be conducted and given for 2-D and 3-D contact problems as well.

Theory and method of reliability-based shape optimization

The method for reliability-based shape optimization of 3-D non-contact structures and
2-D as well as 3-D contact structures based on stochastic finite element methods are
proposed and researched. The corresponding reliability-based shape optimization models
and numerical algorithms are built up, and the corresponding equations are conducted. The
selection of design variables, target functions, restrain conditions and shape description and
numerical modeling for structures are studied and analyzed. Several examples are given to
show the presented method is effectively. Finally, the method is employed to solve the
reliability-based shape optimization of the tenon/mortise structure in an aero-engine so as
to improve greatly the stress distributions and the safe probability of the structure.

Theory, method and realization of object-oriented SFEM

This dissertation presents and researches, systematically and comprehensively at
the first time, the object-oriented programming method of stochastic finite element and

I
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reliability-based shape optimization. The designs and programming of the object-oriented
software, user’s interface, memory management and graphic interface are performed by
Visual C++6.0 and Visual Basic 6.0, so that it is successful to obtain a comprehensive
object-oriented software system based on the developed stochastic finite element method

and reliability-based shape optimization.

Key Words: Object-Oriented, Stochastic Finite Element Method, Contact problems; Reliability,
Shape Optimization, Visual C++6.0, Tenon and Mortise
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2 T 5 OB R 7 0 3l R A PTSE PR A B B0 18 . HoAR R sBic
o

52 45 108 5 B LA R 7 5 P P T Bl R 1 T SR J R AR S04, TR
T T % S B B TE RO 4 M T SE P ARG B A . BT T S Ml S AR AL
R, R E R, R R RN, RS . AL,
WA,

B UGHEAT T 25 M T SE MO0 0 B 5 53T T 5 5 8 R T 3 2 1
FUF L5 S5 HT

3. ol e AL 16 5 O B PR TC B B R R S B AR T 5

T4 B BRI Y RS R R, 6 — R = 4 o), 4R T
T T MR A MO ) BB AL BT i, HES T HIERIN A RTHIR, 65
FHRA I, BT T T L MBERH AR 10 Bk BN R TC A RS

M UGHAT T Ak BB HUAT BRITEA B3 40T T R 5 B TR 0 3 O R i
B B 5153 47

4 kD PR T 141 0 B AL BRLTE VAT 5 MO O T S AR R

52 1 A B T 40 0 3 B PR T8 5 4 T SR TR GRS, TR
T 55 A 0 T 0 5 B PR T 0 T SRR AR A 8 47 7« PO T b B 1 45
FIRTSEMEORACKERY, L3 EAR IR B R MR B OB, DA R TR
HES . A, B A,

B UHAT T 2 BB 4 M A SEPE AR DAL B RS AT T ) 8 R
IR S B R S 5 BB 43H

5. EFTREEERA. SESRAREEA. BERETAS, #TTHD
% 5 LA BT R AT MR AL B AT S LR, TR T —AMBohseet . FIP 5
T A B (T P 5 B B B 44 R
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2.1 PEHIA R T

B W14 PR 7T 7 (Stochastic Finite Element Method) & 7E 1% 45 )% BB o 5 2k at F &
JEAEK ), T T 00 SZBEALE Z R ma i) & Fh MmN, & 2RV 5H R
ARG S )

BEHLA FRICIE 4L £ Monte-Carlo Rl B Monte-Carlo 7 5# BB o
HES S, MR REHARTETFREWHE, B8 REITSH . T
PRV E R, R TRESEPRP R, I AT 18 45 0 2 BUBE M LY (I BE HL 7%
SR AR BENLABRITT AR, R T T Taylor 28R ITHIBEHLA PRI
TSFEM!"Y, 3£ F ) 2218 (1 BEAL A PR JG7% PSFEMIPRIZE T Neumann 23R T
LA BR 7T NSFEMI Y, SCHR[4]45 T —FheES BB 0 1 5 FE RT3 R A Bl AL AR
Bk mFHRMLERIT A, HIEM TS5 TSFEM MERME. T E#E SRR
H, BT LA SO R e R HE S BENLA PR T HIAE R A =K.

2.1.1 AREfuh iR A BE AL A FR T 8

TS FRE, A RITTEATN A ESERTTEREER L5,
Eﬂ”gﬁﬁgyﬂ““]:

[K)U}={F} (2-1)
b (KA RIBERRE, (U} ARBTINE, (F)h SR A RrREIRE . 8RR AERE (K]
th B TC ARG (K € SR A TR, = e

(K= [ [BY'[DI[BldQ= [ [ [ [BY(DI(BI||d¢ dnd¢ (2-2)
oo [D) A BESERE: [B] K JUTAERE: | J | b BT eAERE.
B {5} 0 BT OB TIRE, U8 TG E R — SR A B [o]

[o]=[D]{e}=[P][B]is} (2-3)
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