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An Improved Multilevel Optimization Approach

Yunliang Ding (Ti&#%) B. J. D. Esping (%R 2XRT¥%)

An improved multilevel optimization approach is proposed. It is also used in the multi-
level optimization of frames with beams including buckling constraints. Two types of the
improved multilevel approach are treated at the component level. Hybrid approximation
technique is adapted at two levels ,however the method of moving asymptotes is used at the
component level. A new relationship between system variables ( A4; ) and component vari-
ables (¢;) is derived. Four numerical examples show that the improved multilevel approach
has generalized applicability and availability.

( {Computers & Structures), 1991 ¥ & 38 X £ 5—6 ¥
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DESIGN AND EXPERIMENT STUDY ON A NEW SPECIMEN
OF INITIAL FATIGUE QUALITY WITH FASTENER HOLES

Wei Zhiyi (38 £#0)

It is proved in this paper by the theoretical analysis and electrical measurement test
that the Initial Fatigue Quality for each fastener hole on the multi-pin joints is in the mu-
tual independence during the life test. When small cracks appear on the hole edges, the dis-
tribution of load for each hole does not basically change. In this way, the traditional dog-
bone specimens can be replaced by the specimens with multi-pin joints. The results for dif-
ferent holes can be obtained in one test, which has increased the efficiency by over ten
times.

This paper also presents a method for determining different ratios of transmitting load
through changing such variables as the number of holes, the stiffnesses of the pin elements

and plate thicknesses, which shows the efficiency of the specimens with multi-pin joints.
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On the Notched Strength of Composite Laminates

% I 2

A brief review on the recent and commonly used fracture models for predicting the
notched strength of composite laminates is presented, and then these models are classified
based on the macromechanics and a brief comparison among these models is also given. On
the basis of these analysis, a new fracture model for predicting the notched strength of
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composite laminates, the model of stress field intensity, is presented, in which it is sup-
posed that the notched strength depends on the stress field intensity near the notch. but
not only the peak stress at the notch root.and which can contain the existent fracture mod-
els such as LEFM models. point stress models. and average stress models. A general
method for predicting the notched strength of composite laminates is provided based on the
stress field intensity model, and so this paper perhaps supplied some useful viewpoints for
comprehensions of notched strength.

( (Composites Science and Technology), 1951 ¥ % 42 £ % 6 %)

Three Stage Model for Predicting Total Fatigue Life

I 2

This paper presents a definition of small cracks from the point of view for predicting
fatigue life of structures. At the upper bound of a small crack. which is also the separating
point of large cracks and small cracks, the small crack has the same fatigue behaviours as
large cracks; at the lower bound, which is also the initiation point, a specimen which con-
tains this small crack has the same fatigue strength as the corresponding smooth specimen.
This definition is reasonable logically and philosophically. On the basis of this definition,
this paper gives a model to predict fatigue life—three stage model for predicting total fa-
tigue life. The total fatigue life is composed of initiation life, small crack propagation life
and large crack propagation life. The separating points among the three stages are the up-
per bound and lower bound of the small crack. A general method to determine the separat-
ing points is given, and, as an example, the separating points are determined for the speci-
men of LY12-CZ aluminium with a hole. Two other examples in this paper show that the
prediction of total life employing this model agrees well with experimental results.
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A Modified Rainflow Counting Method

Nie Hong (% %)

The rainflow counting method is commonly recognized to be a good cyclic counting
method in fatigue life prediction and for testing engineering components and structures.
However . it has some shortcomings, which are pointed out in this paper in connection with
the analysis of the stress-strain response. A modified rainflow counting method is present-
ed. Case studies show that all the cycles really existing in the stress-strain response that
cannot be counted by the rainflow counting method can be counted by the modified rain-
flow counting method. So it can be said that the modified rainflow counting method is a
more reasonable cycling counting method than the traditional rainflow counting method.

( ¢Int. J. Fatigue), 1991 % £ 6 %)

Dynamic Behavior Analysis for Landing-gear
with Different Types of Duel-cha Sho-str

Nie Hong (% %) Qiao Xin (%)

In this paper three types of dual-chamber shock-struts are considered in dynamic anal-
yses of landing-gear behavior during impact and taxi. Their dynamic characteristics are
compared with each other according to calculation results, and some conclusions are pre-
sented. It is very helpful for selecting a suitable type of dual-chamber shock-strut in land-
ing-gear design.

( {Chinese Journal of Aeronautics), 1991 ¥ & 4 X & 2 ¥)
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THE MODAL FEATURES OF THE
VIBRATION SYSTEMS OF THE WEAKLY-
VISCOELASTIC MATERIAL STRUCTURES

RE-F Rig#

This paper discusses the modal features of weakly-viscoelastic material structures
both for single-modulus and multi-modulus materials. It is the eigenvalues of these struc-
tures that are the roots of a series of rational fraction polynomial equations. A theorem
about the roots of these equations is proved in the paper. Based on it, some important con-
clusions about the modal features of the weakly-viscoelastic material structures are given
according to their dynamic behaviors.

( (Chinese Journal of Aeronantics), 1991 ¥ £ 4 ¥ % 4 %
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A COMPARISON OF MODE SHAPE
PRE-PROCESSING METHODS
FOR DYNAMIC FE-MODEL UPDATING

Zhang Lingmi (4#%) Zeng Qinghua (¥ ki)

There are two important problems encountered in dynamic finite element (FE) model
updating based on measured modal parameters. One is the large difference in the number of
degrees of freedom (DOF) between analytical and experimental models, the other is the in-
ference from random errors in the measured mode shapes. Several mode shape pre-process-
ing methods used for DOF expansion and mode shape smoothing.including dynamic expan-
sion method, modal coordinate method. newly developed weighted curvefitting method and
two combinations, are compared for FE-model updating. Comparisons are made by means
of two case studies: a stepped beam with global and local design parameters. and a beam
structure with lumped masses which simulates the dynamic behavior of a spaceraft struc-
ture. ~

( {International Foram of Aeroelastisily and Structrual Dynamics, Aachen, Germany.
June, 1991. &K ) EXN)
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Updating of Selected Structural Parameters Based on
Localization of Modelling Error

Zhang Lingmi (3% 4-3) Luo Jian (3% &)

This paper presents a method for localization of modelling error of finite element
(FE) model. Using error coefficients of macro-elements as error indicators, the method is
based on the equilibrium equation of motion and the orthogonality condition of the eigen-
vectors with respect to the mass matrix and is solved by Singular Value Decomposition
(SVD) technique. Based on the localization of modelling errors, the structural parameters
of macro-elements with dominant modelling errors are selected to be updated by sensitivity
analysis, thus the computational effort for correction of structural parameters can be dra-
matically reduced. The dynamic condensation/expansion method and the golbal optimiza-
tion fitting method are used to handle the incomplete test modal data, and the influence of
random error of test data is also discussed. A computer simulation for a step-beam struc-
ture and the application to a practical structure of H-frame are presented to demonstrate
the feasibility of the method. )

( {JOURNAL OF NANJING AERONAUTICAL INSTITUTE), 1991 # £ 8 X £ 1
#)

BEAM MODIFICATIONS BASED ON FRF MODELLING

Zeng Qinghua Zhang Lingmi
This paper presents a procedure for analyzing the effects of beam-type structural mod-
ifications, severe and complicated modifications. The procedure is based on frequency re-
sponse functions (FRFs) modelling, called FRFMod. Two examples of beam-type modifi-

cation are conducted. The results show that the accuracy of FRFMod is very promising for

beam modifications.

( {Proc. of ASIA Vibration Conf. 91 &% £) FAN)

LOCALIZATION OF MODELLING ERROR
AND UPDATING OF STRUCTURAL
PARAMETERS ON SENSITIVITY ANALYSIS

Zhang Lingmi (% 43) Luo Jian (3%4))

This paper presents a method for localization of modelling error of finite element
(FE) model Using error coefficients of macro-elements as error in dicators, the method is
based on the equilibrium equation of motion and the orthogonality condition of the eigen-

12



vectors with respect to the mass matrix and is solved by Singular Value Decomposition
(SVD) technique. Based on the localization of modelling error are selected to be updated by
sensitivity analysis, thus the computational effort for correction of structural parameters
can be dramatically reduced.

The dynamic condensation/expansion method and the global optimization fitting
method are combined to handle the incomplete test modal data,and the influence of random
error of test data is also discussed A computer simulation for a step-beam structure and the
application to an experimental structure of H-frame are presented to demonstrate the feasi-
bility and reliability of the method.

( {Proc. of the 9th IMAC. April 15-18, 1991 @&t &£) FA)

A PROCEDURE OF STRUCTURAL
DYNAMICS MODIFICATION USING
FREQUENCY RESPONSE FUNCTION MODELS

Zeng Qinghua Zhang Lingmi

Direct Structural Modification using frequency response function (SMURF) has been
shown to have advantages for practical applications in the past years. Especially,the advan-
tage that the effects of modes outside of the analysis bandwidth are included with the
SMUREF is very important for cases of severe and complicated modification. However, sev-
eral problems. e. g., inconsistent FRF matrix, testing errors, etc. , will be experienced
using SMUREF approach. In this paper, an improved SMURF procedure, called FRFMod,
is proposed. In the FRFMod, a global curve fitting of measured FRFs is performed. The
obtained FRF model and the closed forms of the FRFs of the modifying elements. e. g. a
beam, are used directly to generate a modified set of FRFs. Two methods to obtain the
point FRF matrix used in the FRFMod are presented. Two examples are examined. The
first demonstrates the modification of cantilevered beam to a fixed-fixed beam, a very se-
vere modification. The second demonstrates the modification of a beam added to a H-
Frame. The results indicate that the accuracy of FRFMod is satisfactory, and it can be ap-
plied to the cases of severe and complicated modification.

( €1991 % Proc. of the 8th Intl. Modal Analysin Cont. 2 # %) FAN)
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