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Abbreviations (in alphabetic order):
ASME : American Society of Mechanical Engzineers
BEM : Boundary Element Method
BFGS : Broyden-Fletcher-Goldfarb-Zhanno
{names of scientists who developed a certain algorithm
for solution of nonlinear algebraic equations)
FEM : Finite Zlement Method
FSBI: First Ministry of Machine Buildirg Industiry
NTIS : National Technical Information Serviece
PRC : Peorle's Republic of China
RD  : Research Departmert
VDI : Verband deutscher Ingenieure

ZRIXE: Zhenzzhon Research Institute of Mechanical Engineering

Definition of specific technical %erms (in alrhatetic order):

Boundary Element ¥ethod: Mumerical methed based on disecretization

of the boundary of a given domain for algebraic solution of
boundary integral equations.

Computer hardware: Computer equioment containinc the ~entral
processing unit and the comouter periphery.

Computer zerivhers : Subsystem of comnuter hardware for input and

output of data.

Computer seftware : Frogcramming subsystem of computer sysiem,




Crack-tip elements :Finite-elements with in-tullt functi~ns for
consideration of stress singularity at crack tip.

Data hase : More sophisticated concept than the older terz "Filem,
The importent difference is that the data base must e stored
in the ccmputer cn direct-sccess siorage (such as disks) in
order for the computer's central proceszing unit to *re able
to utilize the cross-references within a reasonable tize.

Datg tase managément gvstem : Piece of software for managing data

in direct access storuge

Finite element method : Numerical method based on discretization

of a given domain for solution of fileld probtlems

Fracture mechanics : Subfield of mechanics of solids concermed mith
determination of states cf stress and strain in the vicinity
of a crack-tip and of starilily of cracks

Incremental-iterative analvsis : dApproach for solution of systems

of nonlinear algebraic ecustions

Isoparametric finjte elements : Finite elements hased on a specizl

form of coordinate mapring with the purpose of modelling
curred surfaces cf domains

Lubrication potential : Functional which ylelds the £ield equations

and the essential boundary conditions of a lubrication problem
as Euler conditions,

¥ain.freme comouter : The main {reme of a computer is the cahinet

that houseg the central processor and main memory., In this
repert, tre term "main-frame comnuter"” i3 used to distirguish

a large comruter from a minilcomputer
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Y¥inicomcuter : Computer which can broadly be classified as 8, 12, 16,
18, 24 or 32 kit @mord length machines zith a memor7 size ranging
frem 4K to 256K provided in medules of 4K or K.

Optimum structural design : Optimum structural design seeks the selec-

tion of design variables to achieve,within the 1lizits (constraints)
placed cn the structural behaviour, georetry, or other factors, its
goal of cortimality defined by the objective functicn for specified
loading or environmental conditioms, - .

Postprecessor : Data output module. In Finite Element Analysis, by

postprocessing frequently the preparation.of plot files for plot-
ting deformed grids and prcducing stress plots as mell as time-
history plots is meant.

Preprocegsor : Data input module which must transmit sufficient infor-
mation tc the solution and the output module so that the given
problem can te sclved, In Finite Zlement dnalysis preorocessing
includes generating a file of node coordinates =ith the help cf
a digitizer,

2varter-point methed : Consists of placing side ncdes of quadratie,

isoparametric elements at quarter points of sides in crder to
produce the desired stress-singuiarity at the crack-tip.

Ravleigh damping : 4 form of damping of vihrating structures in which

the eigenvectcrs are crthogonal with respect to the damping matrix

Round robin test : Participants are asked to solve a certain prcblem

(for example, by the Finite Element Method) for which no analytic-
al results exists, Results are puhlished by the crganizers without

cross-references tetween analvsts and results,




Slow stiffening : A kind of stiffening of struetures as it is found
in geometrically nonlinear anslysis of thin plates subject to
tending.

Stress-intensity factor : A constant in the expressions for the

displacement and stresses in problem of fracture mechaniecs.
This constant depends on the magnitude of the externallz
applied stress.,

Sudden stiffening : A kind of stiffening of structures as occurs,

for example, for unloading of an elastic-plastic material,




ABSTRACT
Key words: bcundary element method, computer hardware, computer
soft»are, computational mechanics, data tase, finite element .
method, fracture mechanics, gears, lubrication, Feorle's Repudlic

of China, sclentific instruction, stress analysis, vibratlons.

The basic objective of the rroject was to assist the Feople's Repub-
lic of Chine in strenghtening its machinery tuilding industry. This
objective has resulted in specificaticn of a number of duties for the
UNIDC expert which can be summarized as providing instruection and
guidarce to engineers at the Zhengzhou Research Institute of liechanical
Engineerins under the First Ninistry of iachine Building Industry, in
Zhengzhou, Henan Prcvince, in the f£ield of computer-criented siress
analysis {ccmputaticnal mechkanics of solids).

Field work in Zhengzhou consisted of introductory discussions with
senior counterpart staff cn ihe present situaticn at the Research
Institute, lecturing cn the Finite Zlemant Methed (tmo weeks, six deys
per week, Lhree times one and a half hours per day) and, ic a small
extent, cn hasic principles of Cptimum Structural Design and of advising
on scientific and/or technical rroblems posed by ccunterpart staff,

Conclusions and reccmmendztisns encempass qualitative and quanti-
tative aspects of man-pcwver, the ccmputer and library situation, lectur-
ing and research, The main conclusion i3 that the grzsent computer situ-
ation at the Zhengzhcu Research Institute represents an unsurmountahle
handicap for practice-oriented research in compuiaticnal mechanics of
solids, In full awareness of the financial implicaticns, purchase of a
powerful main-frame cemruter including approoriate ccmputer periphery

i3 strongly recommended,




INTRODUCTICN

Project background

The Zhengzhou Research Institute of Mechanical Engineering (ZRIXE)
under the First Ministry of Machine Building Indusiry (FMMBI) of the
People's Republic of China (PRC) was formed in 1971 in Zhengzhou, the
capitsl of Henan province, ty transferring one Department from another
Institute, located in Beijing (Peking),to Zhengzhou. This town, with an
area of 1,700 square kilometers and a population of 1.70 million (in-
cluding tre suburbs), is situated on the south bank of the Yellow River,
east of the Sungshan ¥ountains, at the junction of the Longhail and
Pei jing-Guangzhou (Canton) reilways. Fenan Province with a total area
of 167,000 square kilometers is located in Central China (see Fig.l).

The population of Henan province is approximately 70 million,

1000 km
—

o

Figure 1 - Location of Zhengzhou, Henan Province
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Henan province is one of the less developed provinces of the PRC,
In spite of large efforts of the government of the PRC to speed up in-
dustrializaticn, the character of Henan Province is largely a rural one,
The Institute occuples a large site with many buildings, some still
in the process of erection. Some of the tuildings are not yet fully
equipped,
ZRIME is divided into eight research devartments, listed below;
(a) Structure Analysis Research Department (RD)
(b) Fatigue and Fracture RD
(e) Vibration RD
(d) Gear RD
(e) Casting RD
(f) Welding RD
(g) Heat Treatment RD
(h) Forging and Press RD
ZRIME employs abont €00 persons, 195 of which are engineers, 76 are
assistant-engineers and technicians, 19 are administirators and 94 are
workers (The term '"engineer"” avplies to individuals who have graduated
from a university more than ten years ago and have proven ability for
research work, "Assistant engireers" are persons whe have graduated from
a university within the last ten years, The designat’on "technician”
refers to persons having graduated from a technical serondary school.
Such persons may eventually te awarded the title "engineer" if, after a
specified number of years working in the Institute, they demonstrate the
ability to solve engineering problems independently). The remaining per-
sonel is distributed over several sections for various technical services
including research management, power xxxpply and equipment, technical

intelligence and library, chemical analysis, etc. The plan 1s for the
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staff to total 1,000 by 1985 (Informa*ion concerning present distritution
of personel in ZRIME and plans for future recruitment of additional man-
power 1s provided in chapter ),

The main task of ZRIME is solution of fundamental problems of mechanics
of solids, primarily posed by the FMMEI, meeting requests of factories
operating under the FMMBI, However, it is aiso postible for ZRIME to
propose to FMMBI that a certain fask be assigned to ZRIME, ~

Typical examples for practice-oriented research work conducted by
ZRIME are determination of mechanical strength of equipment for power

plants, mining and heavy machines as well as for mill and metallurgie

industry. Questions have to be answered such as which material should
be chosen for the blade of the hydraulic turbine for the Gezhouba power
plant on the Yangtze River or which pr?cedure should be employed for
determination of profile modification and longitudinal correction for
high-speed gears, used for commressors and turbo-machines, in crder to
maintain uniform loading and good lubrication conditicns in overation.
Problems must be considered such as which procedure should be employed
for smelting the material for the afore-mentiocned blade and hew prot-air
corrasicn and fatigue in water would affect the material. Toovics must
be dealt with such as selection of reasonable geormetric parameters for
design of the blade and evaluation of the stiffness of the stator for
the generator, Other questions which have to be answered refer to weld-
ing. For example, probtlems arising {rom thermal distortion caused by
welding as well as questicns related to saving of energy and increase
of work-efficiency have to be tackled,

Forthermere, FMMET has assigned the *ask to ZRIME to set up a
Research Centre for Strength of Mechanical-Engineering Structures,

The main task of this Centre will be to assist industry in inereasing
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the level of product design in mechanical engineering. This task shall

e accomplished by (a) solving complicated problems of mechanical
strength for factories operating under the FMMBI and (b) training design
engineers in these factories, |

Presently, the standard of product design in mechanical engineering
varies greatly. Improvement is especially important tcr factories of
comparatively small size,

In order %to fulfil the mentioned task, it is considered to te ﬁeces-
sary to build up a data base containing information on (a) mechanical
strength (admissible and ultimate values of strains and stresses and
admissible values of displacements) and (b) computer programmes, pri-
marily tased on the Finite Element Method (FEM), for solution of ccm-
plicated s*rength problems, This data bhase would also be made available
to engineers in factories operating under the FMMBI,

Serving industry as well as accomplishing its omn research goals,
ZRIXE has been and will be actively engaged in developing newm ss well as
improving existing, commercially marketed software for computer-oriented

strength analysis,

Objectives of the project

The original objective as stated in the Job Deseription fer DP/CPR/
79/021/11-12/31/9.B of June 10, 1980 was ",., to assist the People's
Republic of China in strenghtening 1ts machirery building industry.”
This would "help to increase the productivity in the agricultural
sector and thereby avold a diverting of resources from the industriali-
zation programmes to provide emergency measures to help feed the zcpu-
lation adequately." This objective led to specification of the follow-

ing duties for the TNIDO exjert (stress analysis englneer) to be attached
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to the FAMBI:

(a) vrovide technical guidance and assist local specialists in
carrying out research work in stress analysis technique using
non-linear as well as linear methods,

(b) train local specialists.

At the end of August 1921, an updated Job Description was prerared
by UNIDO. Deviations of the main objective of the project from the
original ohjective were insignificant. Cbtaining additional information
from the field, it was possible to specify the duties of the field
expert more precisely. According to the revisad Job Deseription, these
duties were:

"(a) provide instructién and guidance on the use of analytical
and numerical methods for calculation of stress i1z struc-
tures;

(b) advise on the consiruc*ion of mathematical models of
structures for computer analysis of stresses;
(c¢) advise on optimal design of two-dimensirnal structures.”

Moreover, "the expert was expected to spend ahout one week in
lecturing to an audience cf aktout 100, followed bty questions and dis-
cussions." It was emphasized that all members of the sudience mould te
knowledgeable in the subject and, consequently, "... Yhere would e
no need for lectures to start from the beginning."

After inspection of the computer situatior at ZRIYE, it became clear
that the majority of tasks involving numerical analysis by the FZM could
not be ac~omplished with the present hardware, This resulted in suggest-
ing to senior counterpart staff that the cited 1list of duties e expanded
to contair a fourth point, namely,

(d) advise on improving the computer situation.
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This suggestion was well received by Z2IVE,

Score of recort

The introduction is followed by the conclusions dramn from the expert's

work at ZRINE Thereafter, major recommendations are set out in descending

order, The tody of the report consists of four chapters, entitled "Pre-
sent situation at ZRINE -- recommendations for improvement", "Crganizia-
tion of field wmork", "Lecturing" sand "Research". The repcrt coantains
several annexes including lecture notes prepared for ZRIME as well as
lecture notes prepared for the Symposium on Mechanical Stréngth id by
the Mechanical Design Division of the Chinese Soclety of Kechanical

Engineers in Xi'an, Shaanxd Province, Nov, 3-9, 1921,




CONCLUSICNS

Conclusions drawn from the project are grouped in five sections:
"Yan power", "Computer", "Library", "Lecturing” and "Research". Cnly
major conclusions from the individual chapters and seciions,-espec-
tively, of the body of this Report are listed here, Cenclusions of less
general nature, as resulting, for example, {rom discussicns of indivi-
cual research topics are set out in the body of the Report and are not

repeated here,

A, dan-power
Qualitative aspects

(a) The scientific level of many engineers at ZRIVE with whom the

expert has met is high,

(b) Pecause of the turmoil during the Cultural Revolution, many
engireers 4id rot obain sufficient formal training, Xlost of
their partially excellen® knowledge on modern rurerical metkcds
such as the 72! and B! was acquired by self-study. There
appears to be a need for increasing the level of expertise cf

mary engineers in these methods,

Quantitative aspects
In view of the amcunt of tasks assigned to the Structure ina-
lysis 3D, this Research Department is understaffed. This con-
clusion applies to the Programme Develcpment Group and to the

Computer Group of the Structure Analysis RD,

B. Computer

Hardware

(a) The present computer situation at IRIMZ, characterized b7 a

-
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siow rmachine of the capacity of a minicomputer, represents an
unsurmountable handicap for practice-oriented research in compu-
tationel mechanics of snlids.

Lack of cemputer periphery at ZRINE such as a digitlzer and &
plotter makes efficient pre- and post-processing impossible.

Tre FEi tecomes unattractive if pre- and post-prccessing are

inadequate.

Software

(a)

(o)

(a)

(b)

(a)

The "mixed mode system" of programme development ai ZRTEE,
characterized by ariting special-purpose FT programmes while
modifying existing, commerically marketed tulti-purpose pro-
gramres, is both meaningful and effective.

The need to travel to Beijing for use of the multi-purpose
prograrmes on a machine with a FORTRAN compiler represents a
handicap for efficien® research in the field of computaticral

solid mechanies,

C. Library

7Mith regards to tecknical journals from approvimately 1676 up
t111 now, the situation is much better than for earlier volumes.
#ith regards to tocks, the situation is acceptable. Scme of the

pivotal books in computaticnal mechanics are available,

D, Lecturing
Freparation of lecture notes (after consultation with senior
counterpart staff) increased the value of the lectures cn the
F=V, gziven at ZRIME, in Cctcher 1921,
Prevaration of transparencies for overhead projection proved to

be very nelpful for lecturing to =n audience =hich can read
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English quite well but has difficuliies in understanding the
spoken word,

(¢) The audience seemed to Ye satisfied with the interpreter.

(d) Three lectures cer day, eack one lasting one and a kalf hours,
as was the case with the sbove mentioned lectures, is too much
because it does not leave enough time for selving example pro-

tlems,

E. Research
General

(a) Many of the scientific problems discussed represcnt relatively
high-level, up-tc-date research in computational solid mechanics
including the FEX and the 3R,

(b) The inadequate computer situation will make it increasingly nore
difficult for ZRIME tc mairtain or even improve the present level
of research in computational solid mechanics,

(¢) Restriction cf scientific output to the "Chinese scientific
market" becauge of language difficuities is a big problem,

The number of foreign-language publications ¢f researchers at
ZRIME is very small, This is a pity because it prevents estab-

lishing scientific contacts with foreign colleagues.

Special (related to individual scientific problems discussac with
counterpart engineers)
(see section B of chapter IV: Summaries of discussicns of

research topics)
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RECCLYENDATICES
Reccmmendations are grouged in the seme manrer as the cenclusions, i.e,
in § sections., Tithin each section, recommendations are sel cut in descend-
ing order. Cnly major recomrendaticms from the Individuel crspters and sec-
tions, respectively, of the body of this Report are listed here. Recommen- '
dations of less general nature, as resultling, for example, from discussicns
of individual research torics are set cut in the body of the Report =nd
are not repeated here,
4. _Xan-power

Juslitative aspects

In order to increase the level of expertise of engineers at ZRIVZ in
modern computaticnal mechanics it is recommended to

(a) organize from time to time intensive, practice-criented courses on
various topics, such as the one on the F& given by the expert in Cct.1971.
Instructors shculd either te taken from the Institute or from other insti-
tutions within the PRC; resort to foreign experts sbould onlv be made if
no Chinese exyperts are availatle; ’

(b) send a limited number of engineers with proven s%ility for high-level
research to top-ranking foreign universities, encouraging therm to enroll in
formal degree-prcgrammes, This permits control that the selected englinesrs
use the given time optimally;

(¢) send experienced engineers who did not receive sufficient fcrmal
academic education back “o university to either enroll ir gracduate studiles
or take gelected courses,

guantitative asrects

In view of the volume and the importance of the tasks of the Structure
Anglysis RD, the number of staff of this Research Department needs to be

increased substantially,
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B. Computer
Earduare

+

(a) Purchase of & powerful main-Zrame comouter Is an absclute necessity

for a Research Institute sucn as ZRIXZ. Suck purchase is sirongly receom=
merded, in full avareness of the {Inancial implicatlons of thls recommen-
dation,

Purchase of a digitizer for efficient pre-processing and of a platter
for powerful post-processing in FE analysis is no less impcrtant ihan pur-
chase of the main-frame computer itsélf. Therefcre, it is strongl} recom-
mended to consider purchase of such computer periphery and to include its
cost a_priori in any feasitility studies concerning new hardware for ZRINE.
Software

(8) Increased priority skould be given to development of pre- and post-
processors for FE aralysis.

(b) The task of "=cdule control" should be assigned ic an engineer with
very gocd knowledge of computer hard- and software, This engineer would
check develcpments of new programme modules writtern by other engineers, fe
would gee to it that these modules are compatibdle witn the exsting programs.

C. Litrary

(a) It is recomnmended that direct contacis be established vith foreign

technical informaticn services ard putlishirg corpanies (some addresses

~

are given in seciicn C of chapter I},

D. Lecturing
(a) For cocurses similar to the one cn the FIl! glven by the expert in
Cetoter 19€1, three weeks of lecturirg (with three hohurs of lec-
turing per day) are recommended as the optimal course length,

permitting tne audience to devote sufficient time to the solution




(e)

(d)

¢ example problems,

It is recommended to orgarize a comprehensive course at ZXINEI on
the BEY, analogous to the course on the FEM. This wculd permit
Chinese mechanical enginesrs to become more acquainted wiik a
nethod which is presently second only toc the FI. and zhich rmay te
expected to gain additicnal momentum i, the next future.

Lecture notes should te preparsd for the audience of courses
sizilar to the course given by the expert at Z3I!Z, Ledification
of exdsting lecture notes of expa’riate adéisers shoulé ncrrally
not start before porsonal consultation with senior counterpart
staff,

Preparation of transparencies for cverhead projecticn is an absc-
lute necessity for effective lecturing to an audieace which can
read Zrglish quite well but ras difficulties in understanding ‘le

snoken word.

[B)]

. Research

General

(a)

In order o maintain or even improve the present level of re-
search in computaticnal so0lid mechanics, purchase cf a towerful
main-frame computer and of computer periphery such as a digitizer
and a plotter is strongly recommended (see also seciion B of the
recommendations),

Increased priority shoulé be given tec furtner development and
application of the Bz,

Scientists at ZRINT should be encouraged tc nublish the Iindings
cf thelr researcn in the intermaticnal lterature, Neting that a

nuzcer of engineers and staff at ZRIMZ 13 fluent in ZIrglish, 1t




-21 -

could be arranged that these individuals help improving the

linguistic style cf manuscripts cf thelr cojleagues,

Specia]l (related to indivicual scientific prodlems discussed siik coun-
terpart engineers) ,
(see section B of chapter IV: Summaries of discussions of

research topics)




I. FRISENT SITTATICN AT ZRI¥E - RSCOIMEINDATICNS #UR LIPROVIVINT
This chapter consists of three sections entitled "han-zcrer:
quantitative and qualitative aspects", "Comtuter hardware and =oflmare”,
and "Access to technical literature”, 2asic information on the *opies
covered in this chapter was obtained in a number of discusszions with
senior counterpart staff (for their names and vositiens, see annex 2)

during the first days after arrival in Zhengzhou, on Sept, 1Z, 1091,

A. Kan-vovwer : guantitative and gualitativs aspects

In the introduction hasic information concerning man-power at
ZRIME was given. Table 1 (see next page) contains the distribution of
man-power over the previously mentioned eight Resesrch Depertments,

According to the oktjectives of the project, the expert's activities
wxere mainly directed to the Structure ainalysis RD, Tc 2z smaller extent,
advice on mathkematical models feor stress analysis was givan o members
cf the Fatigue and Fracture RD, *he Vibtration RD and the Gear RD. Because
of lack cf contact with representatives of other RDs nc commenis concern-
ing possihle over- or understaffing of these RDs can “e made, The {ollow-
ing comments on man-pover are restricted to the Siructure inalysis RD
for which sufficient information is available.

In view cof the tasks assigned tc ZRIME, involving rather sophis-
ticated, computer-criented structural anelysis, the Programme Develop~
ment Grour and the Computer Group are severely understaffsd, lloreover,
the number of engineers and assistant engineers and techniclians shomn
in table 1 does not reflect the qualitative situation which is charac-
terized by a shortaze of engineers who can in fact develop new cemputer
grogrammes, based on the FEi, or modify existinz, commercially marketed

Z~software, There is also a shortage of quelified individuals for
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Table 1 - Distritution of nan-power at ZRIAE

Strue- Programme
ture Develop-
Analysis ment,
Research Group
Departrent
Computer
Group
Group for
Experi-
nental
Stress
Research

Fatigue and Fracture
Research Department

Vibration Research
Department

Gear Research
Department

Casting Research
Department

Telding Research
Department

Heat Treatment
Research
Department

Forging and Press
Research
Cepartment

Zrngineers

22

19

30

40

30

15

15

195

Assigtant

Engineers
and

Technicians

14

10

10

76

Adminis-
trators

19

Tlorkers

10

13

15

10

94
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advising engineers in factorles on struetursl analysis, by the FZi, of

wachine parts.

The average age of the englineers in the Structure Ainalysis 2D is
about forty y=ars. Because of the Cultural Revolution many of therx did
not obtain a sufficient amount of fermal training, Graduate studies were
re-introduced anly three years ago. Formal academic degrees, following | N
the inglo-imerican pattern, were only introduced this year. In 1921,
approximately 20,000 students for the entire specirum of academic studies
were admitted to gradunte studies., Approximately 1,500 stu'ents were
selected for pursuing studies in forelgn countries, While this is certain-
1y an improvement as compared to the situati n a few years egc, 3 lot
nmore needs yet to be done to meet the pressing needs of Research Insti-
tutes such as ZRIME, |

7ith regards to computer-oriented numerical methods such as the FEY,
there 1s a total of approximately ten engineers in the Structure Analysis
RD who are competent in these methods. There are approximetely ten more
users o} the 73!, distributed over several RDs. None cf these engineers
has ohtained formal academic training in this method. They all acquired
thelr partlally excellent knowledge by self-study.

Since 1978 the FE is taught at uriversities., The problem with
university-level education is that it is not really practice-oriented.
This is understandable tecause most universities are lacking powerful
computer equipment, Moreover, universities consider themselves pri-
marily as places for fundamental research. The mailn task of ZRIMZ, how-

ever, 1s to combine theory and practice for the purpose of more ration-

al designs of machine parts,




As far as the Boundary Zlement Method (BEX) in concerned, only one
or t#o engineers in the Structure an. ysis RD have applied th's method
so far, Noting that the BEM is gradually obtaining world-wide mcmentum,
it is suggested that mere empnasis be laid on the B3 in future and that
studies be undertaken, which aim at combining the Fil and the BZ for
selected aprlicaticns.

The level of expertise in modern numerical methods at ZATYZ can be
increased by

(a) sending qualified engineers back to universitv to engage in
graduate studles

(provided courses on the F2!, the BEM, Numerical inalysis,
Computer Programming, etc., are offered)

(b) organizing intensive, oractice-oriented courses within ZRIME

(#itk instructors teing taken either from the Institute or

from other institutiorns within the PRC; resort to foreign experts
should only be made in exceotional cases, tkat is, if no Chinesw
experts are available)

(¢) sending a limited numter of encineers itk vroven ability for

bigh-level research to tor-rankinz foreiom universities
(encouraging them to enroll in a formal degree-programme so as to
exerclise control that the selected engineers use the given oppor-
tunity optimally; the best effort shculd be made to choose only
engineers with adequate knowledge of the language of the host
country for studies abroad; arrangements with the host univer-
sity concerning sufficlent access to the computer facilities
should bc made in advance)

It should re avoided to over-emphasize anyone of the three listed

modes for lmprovemen:t of the level of expertise in modern numerical
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metlncds at ZRIiiL.

Yode (a), for example, would obviously no*t ke effeciive i there was

a shortage of instructors #itih practical (computer) experience in the FEU

L

and the BEM, respectively. Most textbocks currently availatle emphasize
the tasic thecretical aspects of these metheds, with applicaticns teing

preserted to demonsirate the essentially practicel nature of tiese tech-

niques, Fowever, ithere is an enormous gulf between the tasic theory and

a working computer cocde: it is now widely ecknowledged that the program-
ming involved in implementing finite elements is considerably mcre con-
plicated than that of finite differences.

Provided qualified instructors can be recruited, mode (b) is probably
most effective tecause it reaches everybody in the Institute who feels
the necesgsity tc improve his level of ccmpetence in the FZU anc the ZEN,
respectively. It is widely acknowledged in the industrialized countries
that intensive, practice-criented courses, given ait comparies cr research
institutes, are more effective than many standard university courses.
<ften, the smount of material ccvered in the fermer courses in a rela-
tively short tlime-span is equivalent to what is ccvered at universitles
in a semester, In this context, it must ke horne in mind that the audience
in courses on the mentioned special toplcs is usually more mature than
young students at university,

Instruction withcut visual aids sueh as transparenciss for tne
overhead-projector 1s of limited value, Preparation c{ lecture notes by
the ir.tructor is indispensible. Sufficient time should te givén to the
participants in the courses for study of the underlying theory and Sclu-
ticn of skillfully designed example problems, Assuming that mcrrings
are reserved for lecturing (say, two lectures, one and a nalf kcurs each),
whereas afterncons and evenings are used for studying and solving of

example problems, a pericd of apprcidmately three weexs seems to te
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optimal. The amount of material which can be coversd by the instructor
during this time would exceed what 1s covered at most European and
Arerican universities in a whole semester.

7hile modes (a) and (b) of ircreasinz the level of expertise in
computer-oriented numerical methods are adequate vehicles fcr improving
the overall standard, mode (c) is cbviously best suited for highly
talented engineers with demonstrated research ability, It is neither
possitle nor advlisable to send large numbers of research workers to
forelgn universities. Apart from financial constrainis, the question
reeds to be answered whether the Chinese researcher at a foreign
university will necessarily find what he has expected,

Noting that computer-criented research in the FZM or the BE¥ is
man-pover intensive, it is understandable that senior professors are
eager to hire graduate students who are usuaily performing the tuik of
the programming work, Quite often, this tedious work represents the
student's main contribution to a research rroject. The student's re-
ward usually is a higher academic degree., Thus, the professor is interest-
ed in the student's work who in turn is interested to satisfy the cro-
fessor. "ith regards to so-called research associastes or research
scholars #ho do not nork for an academic degree, the situaticn ccca-
sionally turns out to he rather problematic, esreclally if the scholar's
financial support does noit come from the university. The worst case that
may - happen 1s lack of mutual interest between the professor and the
research scholar, Based on his own observaticns in Zurope as well as in
the USA, the writer suggests that Chinese students selected for research
work at foreign universities e encouraged to enroll in formal degree
programmes, (Obvicusly, this suggestion does not apply to senicr

researchers w7ith an established reputaticn in researeh).




When planning studies abrecad, it should be kept in mind that many
universities charge money for computer services made asvallatle fer scien-
tific projects, Although there are frequently possibilities to cbtain
a certain amount of computer time free of charge if troof of ithe import-
ance of the project can be given, the writer's personal experierce
coupled with information from several discussions with imerican col-
leagues has been that ccmputer time may te & severe problez at many
American institutes of higher learnirg. Public (State) universities in
tbe USA usually find it eesier to provide faculty and students with
ample computer time thar 1s the case with certain private universities.

It follows that Chinese researchers in thke area of thne 724, plan-
ning to pursue: studies or resear~h work abroad shoulé reguest detalled
informaticn about compouter facilities at the prospeciive host institute .
It 13 not sufficleat to collect informaticn about the type of avallable
equipment, Information concerning the conditions for use cf the respec-
tive computer faclilities is necessary. Researchers who intend to conduct
nonlinear studles of structures encountered in practicel mechanical
engineering shoulé make sure that funds for performing such studies will
te avallable to them,

The preceding suggestions referred to qualitative improverents
of the level of competence of research workers engaged in computer-
oriented numericel anelysis. However, given the amount of tasks assign-
ed to the Structure Analiysis RD as well as to other RDs of ZRIVE, a
quantitative improvement on the sector of man-power 1s indispensible.

In view of the importance of a stronz Programme Develctment Group for
developing or improvine software as well as for serving industr~, a sub-
stantlal {ncrease of mi.n-power in this Group 13 necessary, The sare

would apply to the Computer Group if a powerful matm-frame comcuter
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(represerting an absolute necessity, as will be seen in the fcllowirg
section) was Installed at ZRIME,

It is planned *c set up a Deta Base Group of atout I1fLr vecple.
The task of this Greur mould Ye to tuild u; the dats tase renticned in
the Introcucticn, Considering the great importance cf setiing up a-date
tase cont.irirg infermation cn mechanical strengih and on Fi-software,
the mertiored number of pecple is certainly nct too high,

B, Comouter hsriware and software

Hardware

ZRIXE has a Chinese computer, TQ 16, with a memory size of 32 K,
feur external drums and two independent tape drives, Tris machine per-
forms 10° operations/second. It was cbtained in 1975. Ir edditicn, there
is a new French computer/dsta processor, Intertechnique Prolimat S XMulti,
with a memo>=y size of €4 K. This computer is mainly used for vitration
analysis, According tc tetle 1 on page 931 of the Zncyclopedia of
Ccmputer Science (1), the memory sizes of toth mechines are comparable
to the memory sizes c¢f minicerputers.

Discusstons with researchers a2t ZRIVZ reveal that the T2 16, which

is used for FZ-analysis, is very slow, Fer example, it would take 20
zinutes fer linear analysis of a system with approximately 2,3C0 degrees
of freedcm tut with the rather small half-tand widih of ornly 4C. For an
axisynmeiric, elastoplastic prodtlem with 576 degrees of freedom, it wculéd
take 3-4 hours (nc information on the half-band =idth of txisz prcblem vas
availatle). For solution cf a plane problem of elaste-plastic fracture
mechanics with 218 degrees of freedem and a half-banéd iidth of 26, ten
hours (!) of computer time were required,

In the Fatigue and Fracture RD cnly 3-4 pecple are atle to use tthe

comruter, Ccnsequently, at present, 10 hecurs cf comguter time may te
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acceptakble, Lowever, the slituaticr will change dramaiically If itke per-
centage of people who are familiar with the computer increases substan-
tially. The fact that the ccmputer runs cnly during regular working
hours shows that, presently, demané is not too high.

In this context, it should be torne ir mind, however, that inade-
quate computer facllities distort the true situation. Fer example,
there are encineers at ZRILE travelling %o 3eijirg for soluticn of
protlems requiring hard- and softiware not available in Zhengzhou.AFor
obtaining computer plots it is necessary to go to Hangzhou.

Such a situation may be acceptable.for some tinmz so long as there
is 1little demand of computer povwer., However, in view of some ¢f the
previously nmenticned tasks assigned to ZRINE, demand of computer power
#11]1 increase substantially in the next future,

It will te nesrlv ircossible for ZRINT to meet scre of ithe %tacgk:

oS

o
Fii!

agssigned b ‘Bl unless the ccrmouter situation is improved dramaticsal-

1l7. By "éramatic isprcvement™ installation of a large main-franme
computer is meant, Being fully aware of the firancial implications cf
this "trivial" recommendation, it needs to be emphasized, that the
necessary "dramatic improvement" cannot be achkieved in a "mini-
computer environment", given the capacity of even the largest mini-
computers presently available,

fhe situation would te somewhat different if a dense net of pover-
ful main-frame computers, distributed cver the PRC, was avallatle,
In this case, minicomputers could communicate with the main-frame com-
ruters, For such communication, standard telephone lines could ke used,
However, even if the mentioned dense net of main-frame covputers exdst-
ed, and the telephone net permitted the indicated communication, it

would not be acceptable for a leading Research Institute of a country
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7ith aporoximately a tillicern people tc rely cn a mirniccmruter serving
as an intelligent termiﬁal to an out-of-house main-frame compuler.

At present, the rumter of powerful main-frame compulers in lhe
PRC is very small. Table 2 (see next page) glves a rcugh cverview cvar
the distrituticn cf large ccmputers in the PRC., This *atle was prevared
by counterpert staff cn request by the expert.

In spite cf the fact that the tatle is incomrlete, nevertheless,
1% ¢s quite instructive, It reveals that (a) the cverall number of 1.rge
main-frame computers is very small (even 1f this numke- is in error by
a factor of 2-5) and (b) computer power is concerntrated in the Capital
City of the PRC., In this context, it should te menticnec that there is
no large main-frame computer in Henan Prcvince. The same aprlies to
three provinces Scutk cf Henan Frovince, Trhese three prcvinces and
Henan Province have a tctal pepulaticn of mere than 2CC millien (})
people, aprroximately the same as Great Pritain, the Federal Repudlic
cf Germany, France and Itely tocgether,

In order to reach the goals of *he "Four locdermizatlcns cf the
PR3", every effort wust be undertaken tc improve the situation on the
computer secter, In the ahsence ¢f any large rain-frame computer in
Henan Provirce (wl*h a population equal *o the one of the Federal
Republie of Germany and dustria togetter), it is unreslistic to ex-
pect *that present-day minicomputers will be able to solve the problem
of lack of computer power in Research Institutes such a ZRIMZ,

It alsc needs to be mentioned that there is a lack of FE-software
running on minicomputers, In a lecfure, given this year in Hefei,
Anhui Province, Wilson (2) mentions "... that the availability of
software only exists for large computers, Within the next ten years",

he continues "this problem should be eliminated and small, inexpensive
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Table 2 - Distribution of large main-frame computers In tre PRC
(Note that this table is incomplete)

Place Computer Type Capacity Speed
City Province (operations/sec.)
IR 37C/138 512 K 3x10
Shen-  Liao- IEM 4331 1,024 K 5 x 10°
yang ning 5
FELIZ-C-256 256 K 2 x 10
Chang~
chn  Jilin EG 1040 512 K 3 x 10°
Hang- Zhe- 5
zhou }iang Siemens 7738 512 K . 3x10
Nan- Jiang- 5
Jing su Siemens 7738 512 K 3x10
IEX 370/138 512 K 3 x 10°
FELIX-C-256 256 X 2 x 10°
EC 1040 512K 3 x 10°
IEM 4331 1,024 & 5 x 107
Beijing Ccoc ? , 1,024 K ?
cDC ? 1,024 K ?
ACOS 500 1,750 K 2
cDe ? ? ?
FELIX-C-256 256 K 2 x 10°
IBM 4341 ? g x 10
Vang-An ? ?
Zto-  Hebel coc 2 ? >106
xian
Shanghat IBY 370/148 1,024 K 5 x 107
Shanghal ACOS 400 512 K 3 x 10°
Chengdu  Sichuan ACOS 400 512 X 3 x 105
Fuhan Hetel flang=-4An ? ?

Countries of origin of less known cormputers: FELIX (Romanie ),
EC (East Cermany), ACOS (Japan), Wang-An (China)
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computer systems which can communicalte over siandard telephone lines
with other computer systems should allow small engineering firms to
have the same computational power as now exists in large firms." This
sentence reveals that Wilson is orimarily corcerned with the needs of
small (private) engineering firms. This becomes obvious from sentences
such as (2) ",..the existing ccmputer programmes were not developed
with the needs of the small user in mind" and ",.. at this time it
is desirable that new programmes address the needs of small engineer-
ing offices.” .

Tilson's statements are correct. His recommendations are aopro-
priate, Fowever, with regards to ZRIME which i{s considered to be the
leading Institute in China under FMMBI in the field of st?ess analysis,
recommendations wshich fit small Testern engineering firms cannot be
adopted.

Small engineering firms in the fields of Mechanical and Civil
Engineering are predominantly engaged in linear structural analysis.
They usually can affcord a relatively slow turr-around in data proces-
sing because of limited demand uf computer power, Obviously, the situ-
ation is markedly different #ith a large Research Institute such as
ZRIME. The percentage of nonlinear analysis carried out bty ZRIME is
probably higher than the percentage of such analysis perfcrmed by
small engineering firms, Pollowing the intermational trend in pertinent
research, it should be expected that the percentage of nonlirear analysis
conducted at ZRIME w#i1] increase rapidly withir the next years,

For a developing country such as the PRC, the guestion comes up
how to improve the present computer situation most effectively consider-

ing the existing financial constraints, It is unrealistic to exmect

that all research institutes, universities and major factories engage”?
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in large-scale FE analysis w#ill obtain sufficient funding for rurchase
of adequate main-frame computers., What would seem to be more realistic
is to concentrate, at least for some time, high-level research in the
FEM and the BEM in selected research institutes such as ¥, consi-
dering available expertise, computer power (existing or projected for
the near future)and appropriate regicnal distribution. These pivotal
institutes could be future communication centres for smaller institutes
which could gradually be equipped with minicomputers.

It is highly desirable th;t engineers and sclentists. in top ranking
Research Institutes such as ZRIXE participate in the development of FE-
software for minicomputers. However, it would te wrong to concentrate
all efforts on development of such software_(which requires more sophis-
tication in computer programming than development of FE-software for
large main-frame computers) while industry faces the pressing need for
instant application of the FEM to complicated linear and nonlinear
problems of stress analysis in mechanical engineers,

It is re-emphasized that ZRIME will neither te able to rrovide
adequate service to industry in computer-oriented large-scale numerical
analysis of machine parts nor will it be able to reach 1ts seientific
goals in further development of the FEM or BXM, especially with respect
to nonlinear analysis (at least, not without substantial delays in time),
unless the Institute is equipped #ith an adequate main-frame ccmputer,
Trivial as this statement may seem, it nevertheless reflects the most
important finding of the expert's mission at ZRIME,

Finally, a comment on peripheral equipment seems to te aporopriate.
Evaluation of results from FE-analysis may be a tedious and time-consum-
ing process. This is especially true for nonlinear and transient analysis.

Checking of input data, which is indispensible in FE-analysis, is also




that many engineers shy away from applying the FEM., Fer practice-oriented
FE-analysis, graphical displays of the FE-mesh and of selected results
represent a necessity, It is unacceptable (and practically impossible)
to study the volumincus output of a large-scale nonlinear analysis ‘
which is pe-formed in an incremental-iterative way. Errors in lengthy
lists of input data may easily be overlcoked. Thus, the actual analysis
would be started with incorrect input data.

Expensive modes of computer graphics such as interactive graphics
emphasizing man-mackine dialog are not recommended. What is stronzly
recommended, however, is off-line input of node points of FE-meshes
via a digitizer and output of drawings (FEZ-mesh, displacements, prin-
cipal stresses, iso-stress lines, contours of plastic domains, time-
histories of stresses, temperatures, etc.)via a plotter. If purchase of

a main-frame computer is considered it would be wrong tc save on essen-

tial comnuter reriphery.

Software
ZRIME has access to two commercially marketed programme systems,

SAP and ADINA. Both programmes aere purchased by FMMBI (SAP in 1978 and ‘
ADINA in 1920), Since the TQ 16 computer at ZRI)E has no FCRTRAN com-
riler, engineers of ZRIKE who wish to use these programmes must travel
to Beijing., Cbviously, this is not an ideal situation.

| SAP, restricted to linear analysis, and ADINA, having the capa-
bility for nonlinear aralysis, are well-established, reliable programmes.
Both are characterized ty high-level computer-programming tect.ology.
Expectedly, a few of the more expensive multi-purpose computer pro-
grammes than ADINA have significantly larger capabilities than ADINA,

This refers especlally to the range of nonlinear analvsis., A good




- 36 -

survey of structural mechanics computer programmes hased on the FEM
was prepared by Fredriksson and Mackerle (3). From time to %ime their
original work is updated.

During the last years ZRIME was active to modify SAP and to

prepare prepocesscrs, respectively. Jork on "4-9 Node Finite Zlements"”,

"Boundary Elements™, "Linkage Elements" (that is, connecting elements
between different tvpes of elements) has been ccmpleted. Mcreover,
"Substructuring” was implemented.

With regards to ADINA, the Programmne Development Group of the
Structure Analysis Research Department at ZRIVE is in the phase of
getting accustomed to this programme, Thereafter, work on mcdifica-
tio;; #1l]l be taken up.

In addition to mcdification of commercially marketed multi-
purpose FZ computer programmes, since 1976 a number cf spesial purpose
programmes was developed by the Programme Develovment Group. The
computer language used was BCY which is similar to ALGOL. Use of BCY
was dictated by the compiler of the Institute's computer, Table 3
contains a 1list of the FE ccmputer programmes developed at ZRIME.
This list reflects a relatively wide field of activities,

The "mixed mode system" of programme development, which has
teen implemented at ZRIME, is useful and effective, At the ariter's
home institute, the Technical University of Vienna, this system has
proved to be successful,

Development of special programmes helps to increase the level
of compentence of engineers working in this field. Merecver, such

programmes can be taylored from the very beginning of their develop-

ment to the special needs of users at ZRIVE,
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Table 3 - List of FE cumputer programmes developed at ZIINE

No. Designation Characteristics Date of
Development
General Programme 2-D Variable Band-7idth
1 for Plane and Storage Triangular 1976
Axigymmetric Elements
Problems
Genera’ Programme Solution in Blocks
for Plane and Axi- 1-D Variable Band-Tidth
2 symmetric Problems Storage 1977
with Eight-Node
Isoparametric
Element
General Programme Ideal Plasticity;
3 for Plane and Axd- Arbitrary Curve Harden-
symmetric Elasto- ing; von Mises Yield 1976
Plastic Problems Criterion .
General Programme 1-D Variable Band-%idth
4 for Space-Frames Storage;
with Special Joints for Machine Frame Ana- 1976
lysis (Including Truss,
Beam)
Programme for Two- Elements #ith Inbuilt
5 Dimensional Fracture Crack-Tip Singularity 1976

Mechanics (Kp, KIII) (Vilson's Element)

General Programme Mixed Co-ordinate System;
6 fer Two-Dimensional Iteration in Contact 1978~
Elasto-Plastic Region Onl 1979

Contact Problems

Programme for Contact Trontal Solution;

7 Problems of Structures Substructuring 1972~
Consisting of Plates 1920
and Beams

Programme for Three-  Juarter-Point Elements
8 Dimensional Fracture for Crack Tip Singula- 199
Mechsnics (KI) rity
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Eul ti-purpose programmes, on the other hand, facilitate the

task of serving industry. It would te problematic for ZRALUEZ to develop
a new multi-purpose programme systgm. First of all, a relatively large
nunter of such vrogramme systems is available on tke market for many
vears (3). In spite of some justified criticism cn existing crogrammes,
a3 was raised, for example, by Wilson (2), most of these rrccrammes
obvionsly serve the needs cf their users irrespective cf the unchal-
lenged fact that the employed finite elements, the used numerical
teckniques and the provided facilities for input and output of data

are nore or less outdated,

Chances are that already at the.time of planning a new in-hcuse
development of a multi-purvose FE rrogramme system certain softmare
components as they are planned, represent out-of-date software tech-
nology elther because of no access to the latest developments in this
field or “ccause of lack of pertinent experience.

Tith regards to development of new or modification of existing
FE computer programmes, at Technical University of Vienna it has
turned out to be useful to assign the task of "module control”® to
an engineer with very good knowledge of computer hard- and software.
This engineer checks developments of new programme modules, written
by other engineers, Fe sees to it that these modules meet the require-
ments of the existing programmes., Collaboration of this svecialist
with the group of "software ergineers" has proved to te heneficial
to the modularity of the FE computer programmes develcred at Technical
University of Vienna.

With suitable modifications, the outlined strategry for improve-

ment of FE computer programmes may alsoc te useful for the Programme

Development Group at ZRIME,
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C. Access to technical literature

Librarvy

Access to technical literature is primarily provided by the
library. The library contains about 100,000 volures (books and journals,
the latter bound to annual volumes). Approximately 7C,0C0 volumes date
back to the period from 1956 - 1971, that is, %o the time before ferm-
ing ZRIME. The library is organized such that Chinese technical liter-
ature is dlstributed over cne floor of the Institute and foreign tech-
nical literature is distritutéd over the other one.

There are nine rooms resarved for foreign technical literature
including a room for reading. This room contains the latest numbers of
foreign journals, Table 4 shows the distributior of foreign iournals

acc 'rding to languages:

Table 4 - Distribution of foreign journals according

to languages
Language Number of journals
English 220
Jepanese 75
fierman 34
Russian 25
French 8

The predeminance of Znglish technical literature reflects the world-
wide acceptance of EInglish as the linguistic medium for scientific
communication, The ratio cf English-language journals to cther foreign-
language journals is not unreasonable,

Volumes (from acproximately 1976 up till now) of maior technical

journals in the fields of expertise of the writer are available,.
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With regards to books, much effort i, made to o%tain relevart
literature in all fields of interest to ZRIME, Books are ordered vis
the China Bcok Import-Expert Company, located in Beijing., From this
company,every mcnth ZRIME obtains information on new kooks, In crderb
to get a rough idea of books available in the litrarzy, a check was
made of how many of the 2, bocks which the writer had shipped ‘¢ China
were available, The result of this check was: 9 books available and
15 books not available (For details of this check, see annex 3),

It should te noted, however, that a total number of 24 books, restrict-
ed to a couple of scientific fields within mechanics of solids, is too
small to make reliable extrapolations concerning the oversll availa-
bity of foreign technical 1iterature in the library of ZRIME.

From his discussions with staff at ZRIME the writer has won
the impression that there is general awareness of the importance cf
access to modern foreign tecmical literature. It is felt that the
responsibility for further improvement of the standard of the lidbrary
should be shared, perhaps to a larger extent than now, by all researche-
workers of ZRIME. The following Subsection contains a few simple

suggestions in this respect.

Direct contacts with foreien technical information services,

publishing companieg and individual scientists

Quite frequently, it is most efficlent to contact a foreign
technical information service, publishing company or an irdividual
scientist directly., This shculd not be misinterpreted as the recom-
mendation to bypass central authorities, For example, literature
searches, often indispensible when entering into a new field, could

be arranged directly with the National Technical Information Service

of the U, S, Department of Commerce, ashingten, D,C, ,USA. Dissertations,
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frequentiy containing & weal
appear in the open literature, could be ordered directly {rcm Univer-
sity ¥icrofilms, Ann arbor, Michigan, USA.

An economic method for Research Institutes such as ZRIVI ic *uy
English-language technical literature would be to foin the American
Society of echanical Engineers as a Collective iemrer, ZRIME would
then become eligible to join so-called Book Clubs, established *7 the
McCGraw-Hill Publishing Company, New York, USA. lembers of such Book
Clubs obtain monthly information of literature which is sold at dis-
count prices, (The discount occasionally is up tc 50 § of the original
prize). Most of the books advertised have only been published a couple
of years ago. Some of the books reoresent older, "classical" 1liter-
ature in the respective field.

(Note *hat the given addresses are incomplete because street names
and numbers and postal codes are missing, It should be no protlem fo
obtain the missing information, for example, from the Embassy of the
United States cf America in the PRC, Beijing, 2 Xiushul Dong Jie,
Jianguomenwal; Tel. No. of the Cultural Section: 52-34-45)

Trivial as this recommendation mar seem to be, engireers at ZRIMZ
should be encouraged to contact their colleagues all over the world
directly, if they need a specific Research Report. Over the years,
the writer has made the pleasant experience that nrearly all of his

juests for such reports were met, Rather frequently, the offer of
re-imbursement of expenses was flatly refused by the contacted col-
leagues, Sometimes a relatively small charge for wstal expenses was
made, Usually, scientists consider it as an honour if thelr reports

are requested from colleagues all over *the world.




II. ORGANIZATICN OF FIELD TORK

After completion of initial discussions with senlor ccuntercart
staff, a detailed work plan was set up according to the expert's dutles
at ZRIME, listed in subsection "Objectives of the project” ¢ the in-
troduction, After minor modifications by senior counterpari staff, the
revised work plan was approved »y ZRIME, As work or the experti's
assignment was progressirg, a ccuple of small changes cf the revised
work plan became necessary, The final organization of field work is
documented in annex 4. |

The activities in the field were divided into twoAmain cate-
gories, namely, (a) lecturing and (b) teaching.

Bi the term ‘“"lecturing", a formal course on the FE as w»ell as
a series of T"special lectures" and tac presentations at the Swm-
posium on Mechanical Strength held by the Mechanlical Design Divisicn
of the Chinese Society of Mechanical Engineers in Xi'an, Shaanxi
Province, Nov, 3 - 2, 1981, are meant,

By the term '"research", instruction and guidance to individual
researchers or research teams at ZRIME according to point (a) of the
revised Job Description and advice to such research teams according to
points (b) and (¢) of the revised Job Description are meant,

Chapter III covers M"lecturing" and chapter IV covers "research",

III, LECTURING

A Motivation for offering a formal course on_ the FEM

The Job Description (see Subsection "Objectives of the zroject”

in the Introduction) mentions lecturing but does not go into much

detail concerning specific tcpics of the lectures. In the follecwing,




- 43 -

the motivation for offering a formal course on the FEX will be ziven.

The Structural Anelysis 2D, the Fatigue and Fracture RD, the
Vidbration RD and the Gear Transmission RD either are or plan to d»e
engaged in computer-oriented rumerical analysls, Typically, the snaly-
sis should satisfy tvo purposes, ramely, (a) checking the usefulness
of the selected analysis model and the cor-ectness of the aoplied
computer programme by comparing %he results to informaticn obtained
from tests, and (b) performing numerical carameter studies. The cur-
pose of the latter is to study the influence of a variaticn of para-
meters such as the shape of the analyzed structure or structural
component, the toundary conditions, the material properties, the
ioads, etc., on the results. Provided that the first ourrose is met,
usually no need arises to plan and conduct lengthy test series and,
finally, evaluate the test results.

Restriction of testing to the necessary ninimum, that is, to
verification of analytically ottaired results permits saving of time
and man-power, Although it seems that at present in the PRC these two
factors do not play such an important role as in thre most developed
countries,the situaticn #111 probably change in the futiure,

The question whether the outlined philosophy fer research in
apvlied mechanics of solids 13 *he most economic one can %e answered
affirmatively as far as developed countries are concerred, 7ith respect
te developing countries such as the FRC the high cost for purchase
of powerful computers may distort the situation for some time. On the
longer run, however, there should te no doubt that the described mode
of research is more economical than a predominantly test-oriented

mode of research,
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Fith regards to ZRIKE, it 1s necessary that more scientizte
and engineers become familiar aith the FIX and the Bzld. Cercerning
applicaticns of mechanics of solids to complicated practical trotlenms
in mechanical engineering, these two methods acccunt for the vas:
majority of numerical analyses in the menticned field.

Out of the two methods, the FzZ! 1s unquestionably deminati-gz,
The reason for this is the preater generality of this method as com-
pared to the BEX, Nevertheless, the latter is sradually gaining mo-
mentun, This refers espeéially to nonlinear analysis which, still a
few years ago, was considered to be the sole domain of the FEM, Since
in case of the BEM the algebraic equations deseridinz the discretized
model of the structure to be analyzed involve only pecints on ire boun-
dary of the structure, the num“er of algebraic equations %o te solved
is usually significantly smaller than the ccrresponding number for
the FEM, On the other hand, application of the FEM often results in
a narrowly banded system of equations whereasthe BEM usually yields
a full coefficient matrix,

In the cpinion of the writer it i3 impossible to make generally
valld statements concening the relative efficiency cf the two methods.
The present situaticn in industry in seme of the most developed coun-
tries is characterized by the domirating role of the F=4, Considering
the large financial efforts made by industry in order toc shape the
FEM to tecome the leading numerical method, it is unlikely that the
near future will bring about a change of the present situaticn,

This was the msin motivation for proposing to senior ccunter-
part staff that a formal course cn the FEM should be ziven, loreover,
it mas sugcested that this formal course should be fcllowed by a

series of special lectures or selected topics of the FEM a-é ¢f introd-

uctory lectures on Cptimum Structural Desiem.
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B, Corntents of lectures

Lectures on the FEU

The contents of the lectures on the FEM was determined as follows:
a 1ist of contents (in Znglish-language) of the expert's German-lan-
guage lecture notes on the FEll as well as the lecture notes themselves
were given to senior counterpart staff., The 1ist was returred to the
expert. with classificaticns of chapters, sections and subseciicns,
respectively, of the lecture notes as A (less material needed for
lectures at ZRIME), B (amount of material in German-language lecture
notes just about right for lectures at ZRIMZ) and C (additional
material required for lectures at ZRIME). innex 4 contains the men=~
tioned 1list of contents with the indicated classificaticns.

In view of the large amount of material to te covered in the
lectures, it became necesgsary to increase the percentage of lecturing
in the expert's overall assignment, For the lectures on the FEM, two
weeks (six days per week) were reserved. For each day, three lectures
(one and a half hours each) were planned.

Cn the basis of the mentioned "weighted" 1izt 2% contents (see
arnex 5) as well as of the available time (see arnex ), rand-written
lecture notes, whick were mimeographed for the audience {see annex 7),
were prepared, The chapters covered in these nctes are:

(a)Introductizn tc the Finite Element iethod (26 pagzes)

(b)Use of variational calculus for derivation cf equations of
motion for a discretized, three-dimensional, linear-elastic
continuun (29 pages)

(e)Plates (plane stress and strain, respectively) {34 pages)

(3)Axisymmetric solids (16 pages)

(e)Three-dimensional problems (3 pages)
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(f) Flexure of thin slebs (43 pages)
(g) Thin shells (3< pages)
(h) Steady-state field protlems (11 pages)

(1) Geometric and ohysical nonlinearity (32 pages)

Special lectures

A 1ist of contents c¢f special lectures on selected tovics of
the FE and of introductory lectures on Optimum Desizn was siven to
senior counterpart staff (see annex #). This 1ist contained the titles
of ten lectures, up to six of whick could be selected by ZRIHE for
special lectures dis*rituted over three half-days (t¥o lectures cer
half-day, esch lecture scheduled to last one and a half hours).

The following lectures were chosen by ZRINE:

(a) Buckling of thin shells subjected to follower-load forces
cf the form of hydrostatic cressure

(v) Ultimete load analysis of cracked reinforced-concrete
plates, slabs, and shells considering geometric ard
physical nonlinearity

(c) Wind-loaded reinforced-concrete hypervolic cocling towers:
buckling or ultimate load ?

(d) Censtitutive equations for plasticity ani creep

(e) Introduction to ootimum structural desigm

(t) Introduction to fully stressed design

Hand-written lecture notes, which were mimeogranhed for the
audience (see annex 2), were prepared, The lec‘ure notes only cover
items.(d) - (f) which were considered to be especially important to
ZRIME. The notes are tased on material ry Gallagher (4,5,6).

Item (a) 13 covered in lecture notes (see annex §) prepared for

the previously mentioned Symposium in Xi'an, For items (b) ard (c),
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transparencies for overhead-grojecticn were a oriori availatie,

Lectures at Symrosium cf Mechenical Strength, Xi'an, New, 2-G, 1981

FYMRI and ZRIMVT made creparations Scr the expert to leclure at
the above Symposium cn the topic: "The Finite Elemen: Xethcd - an in- [
dispensible tool for stress analysis in mechanical enginesring.”
Hard-written lecture notes, which were mimeograched fcr the audience
(see arnex 9), were prepared,

C. Hode of lecturing

Because the majority of the audience was expected to have
difficulties followinz lectures keld in Enzlish, ZRINE orovided two
interpreters(one for the first week and one for *he remainirg time)
for lecturing. The lecture notes were given to the interpreters in
advance, permitting to prepare in time for the coming lectures.

The interpreters met with the expert every day to discuss the torics
of lectures to be held on the following day.

Many Chinese engineers whe find it difficult to express them-
selves in English cen read quite well in this language. This fact
suggested that, In addition to the lecture notes, transparencies for
overtead projection te prepared.

It is felt that the combinaticn of (a) speaking slowly and
proncuncing exactly, (b) having the spoken word translated into
Chinese, (c) using the overhead-projectcr and (d) handing out lecture
notes to the audience is a sultable mode of lecturing under the given

circumstances,




(a)

(®)

(e)

(d)

(e)

(f)
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Feedback from the audience, %otk directly and via the Inter-
preters, gave the impression that *he level of the leciures
was "iust right", .

The audience seemed %to te satisfied with the intercrelers.
Preparation of lecture notes incressed the value of %the lec-
tures fer the audience.

Preparation of transparencies for overhead vrejection oroved
to »e very helpful for lecturing to an audience vhi;h can read
English quite well “ut has difficulties in understanding the
spoken word,

Although the audien¢e did not complain, the exrperz fell that
three lectures per day, ezch one lasting one ard s half hours,
was too much for some participants,

Regrettably, there was not encugh time available for the au-
dience to solve example problems ¥hich would be posed bty the
instructor in the form of "homeworks"™. It takes a few hcurs
to, "digest" the contents of three lectures cver day. Ccnsequent-

ly,it cannot te expected that on top of this time the partici- )

pants spend several hours working on homework problems.{For
completeness, it should be menticned that after the end cof ire
course, a ccuple of example problems for calculation k7 hand
were prepared for the participants of the lectures, At the time
of preparation of this report, there was only a small return cf
solved problems, In this context, it mus® be horme in mind,
however, that near to the end of the calender year, enzlneers

at ZRIME must see to it that thelr regular research assigmments

be completed in time.)
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(g) Althouzh the expert encouraged the pariicirants *o irnierrupt
him i£ they instantly wvanted some informaticn, such an inter-
ruption never hapvened. The reasons for this are crctshly tuc-
foid, (i) the language problem and (ii) the natural ccurtesy
of the Chinese. Interruption of a lecturer seems to be incom-

patible #ith good manners.

E. Recommendations

(a) Lecture notes should be prepared for assignments similar to
the cne of the expert at ZRIKE, However, modification of
existing lecture notes should not start before personal con-
sultation with senior courterpart staff, that is, tefore
arriving in the fleld.

(b) Preparation of transparencies for overhead projection should
be considered as an absoclute necessity.

(c) For courses similar to tke one given by the expert at ZRIVZ,
three weeks of lecturing (with only three hours of lecturing
per day) should be considered as the optimal course length,
This would permit the audience to devote more time tc the
solution of example problems.

(d) A comprehensive course on the BEM, aralogous to the ore on tre
FEM, should be given at ZRIME or another sullable Research
Institute under the TMVBI, This woulé permit Chinese mechanical
Engineers to become more acquainted with a numerical method
ahlich presently is second only to the FZI and which should be
expected to gain additional momentum in the next future. 3Such
a course should last three wmeeks with lecturli:g only in the

morning and with time for studying and solving of simple
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exatple problems ir the afternoen and the evexnirng.

IV, ZIESEARCH

A. Orzanization of scientific and/or technical instruction

and guidarce

Soon after the expert's arrival in Zhengzhou, a list of tooics
on which scientific and/or technical instructicn ard guidarnce skould
be provided was presented to him. Table 5 (see next page) contalirs
this 1list as well as the names of chief counterpart—diséussers and
the dates of disgussions.

In order to guarantee optimal advising, the counterpart dis-
cussers were asked to pass written questions to the expert in ad-
vance so as to give him some time for preparation. In this context,
it should be mentioned that the posed problems cover a numker of
different fields,

Another reason for suggesting this mode of scientific and/or
technical discussions with ccunterpart staff was the expert's ainm
to incfease the effectiveness of his instruetion and zuidsance by
preparing written answers to questions, at least, so long as the ‘
severe constraint on time permitted doing this, In view cf the
language problem, it was felt that providing the discuszers with
aritten material would be of great importance, (At the time of pre-
paration of this report, ten ocut of a total of thirteen discussions
#lth counterpart staff have teen completed. ritten materisl was
provided for six of them,)

Apart from making it easier for the expert to grepare him-
self for some of the discusaions and to provide counterpart discussers

with tre mentioned aritten material, the request to pose key juectlions
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11

12

13

Crack-tip analysis fcr plane
strain elasto-plastic problenms,
based on the FzM

Dynamic analysis of a large
structure tester

Set up of data base containing
information cr (a)mechanical
strength and (b) computer pro-
grammes primarily based on
the FEM

Solution of elasto-plastic tor-
sional problems of solids of
revolution by the BfM

Elastohydrodynamic lubrication
related to engagement of gears

Analysis of bulk temperature of
gears and its effect on pinion
distortion

Some problems on nonlinear
analysis for nonmetallic mater-
ials

Some problems concerning design
of large rrogrammes for struc-
tural analysis

Some problems concerning nen-
lirear analysis with ADINA

Present state and tentative fu-
ture ideas on pre- and post-
processors for FE analyses

Some programming problems for
plane stress analysis using
quadratic boundary elements

Optimal design of two-dimen-
sional shapes by the BEM

Three-dimensional analysis of
mixed mode stress-intensity
factors KI, KII and KIII

3 2ongsin

Chief counter-
part-discusser

Urs.

Hu ing-ke

¥r, Lin De-
sheng
Mr. Fung

.:r R
Shen Yong-nin

Hr.

Chen Zhen-sheng

U=,
Tu {iau-ling

Yr,
Tang Ding-guo

¥r,
Zhau {ing-hua

Mr,
Zhau Xing-hua

Mrs.
fu Fu-di

Mr.
Vang Yu-
chang

Er,
Li Hong~-bao

Ur

Li‘chg-bao

Mr.,
L1 Hong-bao

nes ¥ith countercart staff

Date of
discussion

1921-0G-24

19°1-06-26

1921-11-11

1991-1C-30

1991-11-Cé

1981-11-1C

1991-11-12

1991-11-13

19921-11-14

1991-11-17

1071-11-12

1991-11-28

12e1-11-20

19821-12-C1
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in written has the added advantage of forcing individuals who

-
va<

T

questions to give more thought to these gquestiens. This relps redu-
cing the amount of vague guestions,

The described mode for scientific and/cr tectnical inst*uctich
and guidance was accepted bty counterpart staff., Since the {irst lests

of thls mode were successful, no major changes had to be made,

B, Summaries of discussions of research tovics

It would be beyond tre scope of a Technical Reporé to give a
detailed account of a relatively large rumber of scientific and/cr
technical discussions, each one stretching over several hours.
Ins‘ead of doing this, brief summaries of the discussicns of re-
search topics No.1 - ¥o. 10 of table 5, held before compleilon of
this Report, will be given. These summaries will also contain tlre
expert's findings and recommendations ccncerring the research at
ZRIME #ith which he w7as confronted, The most important of these
findings and recommendations are also listed in thke conclusions and

the recommendations following the introduction of this Repor:.

DISCUSSICN Mo, 1 : Crack=-tip analysis for plane strain elasto-

plastic problems, “ased on the FIN
Background: A programme for elasto-plastic crack tip analysi: was
written by the chief counterpart-discusser, The programme is run-
ning on ZRIME's T3-1%6 computer,.
The mechanical background of thre numerical analysis is =
work by Swedlom (7), characterized by a speci.l crack-ti: element
of triangular shape. The rezular elements are censtant strzin ori-

angles. Incremental plasticity theory i3 used. The von pises 7ield
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eriterion is applied, The Prandtl-Reuss eqiaticns are used as
flow-rule.

The finite element analysis features aulcmatic mesh zereraticn
and sutomatic change of mesh for consideration of cracx greowth,

The programme was applied to a three point “end kar as had
teen rreviously analyzed %r ten research grours in the US4, 211 of
whom had used the FZM. Tilson and Csias (8) have rezorted cn the
results of this round robin test,

Actual discussion: The rucleus of the discussicn was the counter-
part discussers' concern about large deviations of results as the
degree of nonlinearity increases. In the ahsence of analytical re-
sults, the question of reliability of the develored ccde as well as
of the underlying theoretical *ackground arises,

With regards to the employed theory, Swedlowx's crack-tir element
is tased on sound mechanical grcund. Fowever, alter the advent ef
the "quarter-point method" a few years :_ ,%,10,11), there s no
loneer a need to use elements with buili-in crack-tip singularity.

In the absence of an analytical sclutlen there is no cther
(practical) way of assessing <he accuracy of the sclution than
numerical testing, Suggestions for numerical testing were m;de.
Practical ways of detecting errurs were discussed, It was noted that
there wonld te a great chance that elasto-plastic crack analysis
would function if (a) elasto-plastic prcblems withcut consideraticn
of fracture and (b) elastic crack problems crecked out and i¢
parameter studies concerning the gridwork, the ircrementation and
the equilitrium iteraticns for elasto-plastic crack analyﬁis demon-~

strated that the degree of dependence of “he numerical -~esults on

these factors is within the usual ‘*ounds in finite element anslysis,
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1,

The questicn wnich mettod is the fastest and simplest —ztho
for elasto~plastic crack-tip analysis cannot be answered otjectively
btecause tre analyst's experience plays a great reole, It can k2 said,
however, thrat, a* this point in time, the FZi is unquesticna®lzr the
leadirg method, .

One question referred to blunting of crack tips. It w7as noled
that Swedlow's element does not permit consideraztion of this effect
which Barsoum's quarter-point element (10) does.

The probler of unacceptably slow incremental-itergtive analysis
was raised, The solution to this problem is efficient codi~g, For
problems in fracture mecranics the inelastic btehaviour is usually
limited to a region close to the crack front.Cutzide this region the
body is elastic and the incremental stiffress in the elastic part of
the btody remains constant during the entire comru*ation. This per-
mits develeping an efficient solution technigue hased on "substirue-
turing”(12). In detailed wmritten notes, this technique was exglained
to counterpart discussers,

There was great concern about the slow speed of the computer at
ZRIVE, Cn the longer run it is very protlematic to do elasto-plasiic
fracture analysis on the Institute's T3 16.

The main findings of this discussion are that (a) slizhily
outdated finite elements are used, {b) the incremen*-al-iterative
nonlinear analysis is inefficient and (c)unrealistic expec*a*ions cf

accuracy are raised, Recommendations for improvement of the cresent

situaticn involve use of quarter-point elements and cf substructuring,
q P E
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DISCUSSICE Mo, 2: Dynamic anelysis of a large structure tester

Background: The tester rerresents a space franme for which a 3tatic

analysis has teen performed at ZRIIE. If the test sample f2ils sud-

denly, vikrations of the test device will te induced. Dynamic analyzis

of the frame will serve the purpose of facilitatirg the design cf

the frame including the foundaticn,

Actual discussion: A relatively large number of probliem-related

toplcs were discussed on two non-succeeding half-days. These tcopics

contained (a) possible simplifica%tions of the mechanical medel, (b)

choice of the forcing function and (c) damping, Tith regards to (sa),

simplifications concernirg the boundary conditions were suggested for

preliminary computer aralyses. Concerning (%), several ctossibilities

were discussed. The final conclusion was that the forcing functicn |
should consist of a constant part followed by a linearly Z2ecreasing
part, With respect tc damping, a detailed explaraticn of how %o
determine the damping matrix C for translent analysis was given.

Assuming that this matrix decouples the natural rodes (sc-
called Rayleigh demping), the damping matrix can be wri*ien ag

g Tl +fK
wmhere M and X are the mass matrix and the stiffness matrix, res-
pectively, and & and /3 are constants obtained from tests(13).

In the context cf damoing, the question of rroviding iiscrete
dampers was raised. It was noted that the comcuter progrzmme ADINA
permits consideration of such dampers.

The main firding of the discussions is that the present
problem is one of practical design which must be approached

iteratively, Recommendations for parameter studies were nade,

These studies would show the sensitivity of the resulits cn verious
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give increased

&

parameters such as, for example, o« and /4 . This would

confidence in the reliability cf results from dynamic znalrsis,

DISCUSSICN Mo, 3 : Set up of data tase containing information on
(a) mechanical strength and (b) computer pro- .o
grammes, primarily “ased on the FZX

Background: Tre topic of discussicn refers to the previously

menticned assigrment to ZRIME to set up the two atove cited data

bases. The discussion involved several members of the teclhnical

leadership of ZRIME, .

Actual discussion : Vhen planning such data bases it should first be

considered wherefrom to obtain the necessary information fer the

data bases, Ccncerning data tase (a), national professional socie-

ties, such as, for example ASME (American Scciety of MYechanical

Engineers) in the USA or VDI (Verband Deutscher Ingenieure) in the

Federal Republic of Germary, should be asked for standards and

codes of practice,respectively, They contair information cn admis-

gible displacements, strains and stresses and also on ultirate

strains and stresses for materials covered by the respective codes.

It is recommendad to okhtain such codes from the following countries: ¢

USA, USSR, Great Britain, France, Federal Republic of Germany and

Japan. Addresses of professional sccieties and special agencies :

concerned with the edition of codes can be obtained via the diplo-

matic missions of the respective countries in the PRC. & useful

source of information is the previously mentioned National Tech-

nical Information Service of the U,S. Depar*ment of Commerce,

Washington, D.C,, USa,

It is fair to agssume that the period of collescting material
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#i1] take no less than a year, During this time a croup cf computer
specialists can begin with workirg out a comvuterized infcrwaticn-
retrieval gystem at ZRIME. In order to meet the needs of ‘he Research
Departments concerned, they all should be engaged in the task of
building up a deta base on mechenical stirength.

Concerning data tase (b) the situation is much easier tecause
tkere is ¥y far less information that nesds o e collected, For
the purpose of data collection, reference (3) should be of help.

It contains a btulk of irformation on pertinernt computer prozrammes.
(Counterpart staff Showed great interest in this "file" shich the
expert had shipred to China).

The main findings of the discussicr are that colleciicn of
material for voluminous data bases is a time-consuming preecess which
needs to te plsnned meticulously, and that buiiding up of a data tase
requires not only technical tut also manpower-relsated cornsiderations.
It 13 recommended that central authorities of the PRC help estab-
1lishing contacts of ZRIXE with the aforementioned foreign sources

of information.

DISCUSSICN Mo, 4 : Soluticn of elasto-plastic torsicral problems

of sollds of revolution by the Bz
Background : The counterpart discusser named in table 5 recently
completed an academic thesis on ithe above mentiored topic. The dis-
placement and stress field resulting rom a moment about *the axis
of revolution was derived with the help of the solution of Fel-
vir's problem. These fields were then used as fundamental soluticns

for establishing the boundary integral eguation to solve the protlzams

in questien, Ore-dimensional linear toundary elements and “ilinear
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quadrilsteral irternal elements mere used for solvirz *‘he tcundary
integral equations numerically,

Actual ‘iscussion : Topics ¢f discussion were soluticn c¢f “te
axisymmetric prohlem by the same method and soluticn of *he elasfié
problem for a general load., The latter problem cculd te handled by
superposition of soiutions resnlting from individual Fouries har-
monics of the given load,

The potential of combining the FIM and the BEY for certaiﬁ
problems was mentioned., The usefulness of the Bl for fracture
mechanics was stressed. In this context, an extension of the counter-
part discusser's method tc problems of fracture mechanics was dis-
cussed,

The maln finding of this discussion is that the discusser's
method represents an attractive alternative to conventional F3
formulations, The method is both ecoromic and accurate, It was
recommended that the mentioned work be condensed and submitted
for publicaticn to the International Journal for Numerical ilethods
in Engineering. In this context, it is generally recommended that
more emphasis be lald on the importance of putlishing in foreign
scientific journals., Publications in such journals adZd scieniific
prestige to ZRIYE and, ultimately, to China, lorecver, such publi-
cations often lead to scientific contacts with foreign scientisis,
ahlch should be welcome, The expert sees no unsurmountable crctlems
regarding difficulties with Znglish, ZRILE has 2 number of researchers
who are fluent in the Znglish language, They could “e asked teo provide

help in improving the linguistic style of *he manuscrizts of their

cclleagues,
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DISCUSSICN No, 5 : Elastchydrodynamic lubrication related %o engage-
rent of gears
Background: The elasto-hydrodyramic lubrication (e.h.l.) trotlem
for a certain type of worm (Kindley-worm) was creviously sclved.
Convergene of the pressure distributlen and the Iuv¥ricaticn crefile
was obtained. Isoparametric firite elements were used. The analyses
were carried out at Xitsn Unfversity.
Actual discussion: The major part cf the discussion referred tc a
scheme for iterative solution of the thermo-ciesto-hydrodyramic
lubrication problem which the expert prepared for the counterpart
discusser, based on an article by Huedner(14). The mertioned scheme
represents an extension of an analecgous scheme for the e.k.l, pro-
blem, The solution c¢f the thermo-elasto-hydred:mamic lubrication
ovroblem must te such that an extended lubricatiocn ctotential fer the
fluid, given in (14), as well as the thermo-elastic potential for
the solid take on stationary values simultanecusly. The temrerature
distrituticn in the solid must satisfy the Larlace equatiorn.

Another problem which was discussed was the e,h,l. prodlem
of point contact.

The main findirgs are that, in principle, solution cf the thermc-
elasto-hydrodynamic lubrication rroblem represents a "straight-
forward"® extensicn of the e,hr.l, problem arnd trat in case of cecn-
sideraticn of the temperature-dependence of the viscosity the in-

fluence of the sliding velocity on the film thickness in the contact

area of gears is insignificant.
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DISCUSSICN Xe, 6 _: analysis of tulk temperature of zears ars its

effect on pinion distorticn

Background i For high-sreed heavy-loaded gears, crctlems with thre
contact of meshing occur because of lack of loneitudiral (zxi:=")
rrecision. This 1s the result of the deflection of tze pinion under
the loading and of the thermal distortion of the pinion as well as
of the gear teeth, stemming mairly from the nen-uniform distributicen
of the temperature. A quantitative ¢ s;sessment of the lack of loﬁgi-
tudinal precision is important for determinaticn of profile mcdi-
fication and longitudinal correcticn for high-speed gzears, used for
ccmpressers and turbo-machines, in order to maintain unifore loading
and good lubrication conditiens in operation.
aActual discussicn : The discuszion focussed on a vroposal of the
counterpart discusser to solve the essentially three-dimensioral
problem by a semi-analytic, two-dimensional FE prcecedure makirg an
assumpticn for the temrerature in the longltudinal directirn.
A classical, though inccrrect, assumption for the temveratire in
the longitudinal direction is to vary parabolically with an axis
of symmetry in the middle of the longitudinal axis. This assumpiion
was made, {or example, by Nadir Patir and Cneng (15).

Based cn the assumption of a parabolically warying dimensicn-

less temperature parameter ;} sgiven as

{} . P (T -~ Ta )
9hv

where k is the thermal conductivity, P4 i3 the diametral riteh,
T <5 the bulk temperature, Ta i3 the ambient temperature and &ar

is the steady-state average keat flux along the tooth length (height),

the discusser obtained the following distributien for T:
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;$9hzv

T om + /a

Since sﬁ,is net symmetric, T wlll not be symmetric. The discusser's

motivation for his proposal was trat :7' co:14 be cttained by the same

txo-dimensicnal semi-analytic FT procedure as is described in (15).
The mair finding of the discussiocn is “hat there 1s no -hysiecal

rationale for the rroposed avproach and no way of "hy-vassing" the

thkird dimension in eiiker the temperature cr *he stress oroblem,

It was recommended to use the FZ orogramme aDINA {or adequate

solutions of both problems,

DISCUSSION No, 7 : Some prcblems on nornlinear analysis for non-

metallic materials
Background: The FE prcgramme ADINA permits analysis of certain types
of concrete members. This resulted in the interest cf counterpart
staff in cetails of such analvysis. Several juestions were cosed,
all cf which were answered in written.
Actual discussicn : Topics arich were discussed were (a) various
rossibilities for constitutive laws of concrete, (b) the mode of
consideration of the strain-softening vart of the material law fer
concrete, (c) the role of plasticity theery fer analysis cf siructures
made of concrete, (d) the significance of terms such as yield
surface and flow rule for such analysis, (e) aggregate interlock and
(f) tensicn stiffenirg. Horeover, the stress-strain relaticn for a
so-called "Mooney-Rivlin material" (incompressitle solid) was dis-
cussed,

The main conclusicns of this discussicn are that usually

adequate mocellirg of the process nf fracture of concrete i3 by far

more important than consideration cf nlasticity in the comoressien
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ffering may be verv imvortarnt. It is recommendad tra!

cart staff interested in recent concernis cn consiieralcn cf tenslen

stiffening study two rapers »y Floegl zn? the expert (14,17},

DISCUSSICY ¥c. 8 : Scme problems ceoncerninz desigm of larze cre-

gramres for structural analysis
Background : Ccunterpart discussers are engaged in the develcoment
of ney FE prograrmes as well as in mcdificaticn of exisiineg, comrer-
cially markeited progracres.
Actual discussicn : The questicn for new develcpments in the design
of large ccmputer preogranmes faor structural analysis was answered
as (a) utilizaticn of the data base zanagement gystem (DEMS) cencept
and (b) application of free-field data input,

The definition of I3MS, taken from (1) 25 "a plece of soft-
ware that is used to manage a data base. A data tase is a collec-
tion of cross-referenced recorcds stored in a computer's direct-
access storage." For large main-frame compiters, it is nct adbsclutel
necessaf} to set up a DBMS, For miricomputers, cn the other hand,
it is of paramcunt imrecrtance that variocus progra~me segrments inter-
act with the file data “ase, This is ithe case, {~r examcle, Tcr the
SAP-70 rrogramme segrents. Zach different type of structural member
1s a completely separate programwe (2).

Another important aspect is the free-field input, . ilscn (2)
1ists a numter of reascns vty he adopted the free-fleld incut cencert
rather than the interactive input concert., He empnasizes tha<

" . the verificaticn cf most of the element data carnot be con-

venlently accomplished ty a rlot or graphical display device; where-

as, the free-field data file, when displayed, orovides a compact
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sumrary ofe lerge amcunt of inlermation.”

The zain finding of the discussicrn is trzal for develcprment

ef cemputer pragrammes fer alniccmputers effieisznt grezramring is

extrenely impertant, This impl the use ¢ the I2MZ ccrneert. Th
shorter word length requires multicle-rrecisicn softvare Iin crier f

to maintain a certain level cf accuracy of the analysis.

DISCUSSICY ¥c, G : Some prctlems concerning nenlinear analrsls

with the I't programme ADIYa
Background : ZRI!E has sccess to the commercially marketed crograrre

b )

system ADINA., This programnme was purchased by FIU2I, The Programre
Develorrment Group of the Structural Analysis RD is in the phase of
getting accustomed tc trhis rrogremme,

actual discussion: The rain tooic cf the discussicn were methods
for soluticn of simultaneous systems of nonlinear algebraic egua-
tions as resulting from geometrically and/cr oaysically nonlirear

problems, Special emphasis was lald on the sc-called Ercyden-
Fletcher-Goldfarb-Shannc (37GS)-method, representirgz a quasi-

by <
Newton method (12), because this method was ircorperated in%o ihe
ADINA progranre,

Nost of the questions of the counterpart discusser resulted

from study of a regort cn aDINA(19) and of = recent paper by 3athe
and Cimentc (20) cn gractical procedures for the solutien =f nen-
linear finite element equations,

Terms such as "slow stlifening" ané "sudden stiffening",

-~

mentioned in reference (2C), were explained. 27 "slow stiffenirg"

Pathe and Cimento mean a «ind of stiffeni-g as i3 found in gzacme-

matrically nonlinear aralyzils c¢f thin plates suthject to tendirneg.

For "slow stiffening", according to Bathe and Cimento, 1% is
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sufficient to recduce the lcad step to ensure convergence of the

¥odified Newton=-Raphsen Iteratioen., "Sudden stiffering" ccewrs,

=
'Y

(a7

for example, for unloading of an elastic-plastic material. Fer

=
nanic analysis, convergence c¢f ithe menticned iteratlcn scheme =Iill
occur if the time step 1s small enough, but for static analysis the
stiffness matrix must be reformed, taking into acccunt trat unlecszd-
ing 1s an élastic process.

This has led to incorpcration of a scheme in ADIMA, =hizh

helps avoiding divergence of the itera*ion in the case of stiiffenin

ny

("divergence scheme"), This scheme is tased on using the alastic
stiffness matrix (to account for "sudden stiffening") ané on selsc-
tion cof reduced load increments (to account for "slow stiffening").
The main findirgs of the discussicn are that the nature of
the BFG3 method is not well understood. This is mainly the conse-
quence of non-availatility of recent literature cn the fundamentals
of this method which is frequently more relizble end economic than
are Newton-Raphnson Itierations. In order %to f£ind out which method is
the "best" for a certalin probtlem, it was sugcesved tc implement
different methods of equili*rium iterations in newly develcped

computer pregrammes,

DISCUSSICY No, 1C : Present sta*e and tentatlive future idess ¢n

pre~ z2nd postnrocessors fer i anslyses
Background : In the process of developing news programmes cr modi-
fying existing programmes, hased on the FIl!, computer rou%iness for
facilitating the input c¢f data and creckirg the correctness of the
LA

input were composed at ZRINE, 1In addition to such preprocessors,

also postprocesscrs were developed. Work accomplished so far includes

mesh generation and plotting of the original end the 2deformed mesh,




for FT arnalysis is characterized by many small-scale effcris fer
satisfaction of special needs. Counterpart discus:er sirressed
concern over the lack of cc-ordination of these effcris which re-
sults in incompatibility of softmare for pre- and postirrcezssing
with marketed multi-purpose I progranTmes. ancther ®ig gredlex i
lack cf hardware for input of data (digitizers, scanrers) ané for
output of datae (ploiters). Equipment for plciting, for exsaple, is
available in Hangzhou. To use this equipment requires mere than a
night's travel by rail. There seems to te no ccmplete data prccessing
equipment for FZ anralysisavailable in China. By "complete" it Is
meant that in addition to the main-frame ccnputer the aforementioned
computer periphery is also available.
Actual discussion: after reviewing work accomplished so far, methcds
for generatiocn of three-dimensional FZ meshes were briefly discussed,
Possibilities for use of post-processing in additicn to plciting of
deforred meéhes, principal stresses and iso-stress lines were
outlined, Such possibilities are, for example, olottinz cf load-
history and time~history diasgrammes and contcurs of plastic or
cracked domains, ’
Expressing his interest in software for pre- anc rosiproces-
sing in FE analysis, the discusser was referred tc the worx cf
Fredriksson and ¥ackerly (2] which contains a lot of informatizn ¢n
such software in relaticn to marketed FZ programmes. Cre c¢f the mest
powerful systems for pre- and postrrecessing is GIFTS, cdeveloped
by Prof, Xamel at the University of Arizona, Tucscn, 25721 Arizore,

UsA. (GIFTS 13 also menticned ir reference (3)).

The main finding of this discussion is %
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portance ¢f powerful pre- and postorccessing for FI analysis sc¢ far
did not receive sufficient attention irn the engineering cemmunity
cf China. However, there is full awareness anong the reiatively
small number of specialists for the pressing reed tc make the FZU
more attractive via improved pre- and postprocessing. a gocd deal

of the power of FE analysis is lost if this aralysis is nct accom-
panied bty adequate pre- and postprocessing. Therefore, i% 1z szirong-
1y recommended to consider the cost for computer periphery such.as
digitizers and plotters in any feasibility study concerning cur-

chase of new computers for Research Institutes such as ZRINEZ,

C. General impression of research at Z2INE

The problems posed to the expert bty counterpart stafl rellect-
ed the variety of scientific tasks assigned to ZRI¥Z, lMany cf the
topics discussed represent relatively high-level, up-to-date research
in computaticnal solid mechanics including the FZ and the 3IM,

In parallel %o the internaticral trend in recent years, the voluze
of work on the BEM should be increased,

The scientific level of mest of the counterpart discussers
i1s high, In this context quite naturally the quesil-n cormes up
whether the discussers represent the top segment cf researchers
engineers or the troad spectrum cf scientific ability. according o
senior counterpart staff, the lattoer i1s the case,

Yany discussions revealed that research in the fields cf
expertise of the writer would te more effective if the cempuler

situaticn wag better. In the cpinicn of the writer 1% will te

difficult for ZRIME to maintain or even improve the present level
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of research in computaticnal solid mechanles on the basls ¢f ik
rresent ccmouter hardware, characterized by very small comcuters
and by a lack of ccmouter reriphery. This shculd %e a matter cf

great concern to ZRINT and its superiors,

Q
[+
0
n
X
(3]
3
[0

During the period of scientific and/cr tecrnical dis
at ZRIME <he expert frequently needed literature, iltkouzh re could
not find all that he needed, the situation was beller tharn ‘ne nad
expected it to te, With regards to technical ‘curnals frem szpre-
ximately 1976 up till now, the situation is much tetier than for
earlier volumes,

Another problem is restriction of scientific output to the
"Cninese sclentific market” tecause of language difficulties,

The numter of foreign-language publicatlions of researchers at

ZRIYE is very small. This is a pity because 1% prevents esiaklishin
of scientific ccntacts with forelgn collzagues. ¥eting that a number
¢f englineers and staif at ZRIYNZ is fluent in Inglish, 1%t zheuld
present no unsurmountable difficulties to Iimprove the linguis®i

style of manuscripts,




1

10,

11.

12.

- 48 -

ANNEX 1
List of References

A. Ralston (editor): Encvelopaedia of Computer Science.
Van Nostrand Reinhold, New York, 1972

E.L. Mlson : "Finite Element Practice and Computer Aprlications.”
The Finite Element Irnvitational Symposium, Hefei, Antui Province,
China, May 19 - 23, 1981

B, Fredriksson and J, Mackerly : Structura]l Mechaniecs Finite
Element Computer Programs. link&ping Institute ol Technology,
Department of Mechanical Ergineering, Division of Solid M-.chanics,
Linkbping, 1975

R. H. Gallagher: "Constitutive Ehuations for Plasticity and Creep,"
Lecture Notes, International Seminar on the Finite Element Method
in Engineerineg Practice, Vienna, Austria, June 14 - 16, 1978

R, H, Gallagher: "Cptimum Structural Design — Historical Review,
Definitions and Basic Principles” in Cptirmum Structural Design

?
Theory and Aoplications (&, E. Gallagher, 0. C. Zienkienicz (eds.)).

Wiley, London, 1973

R. H, Gallagher : "Fully Stressed Design"™ in Cptimum Structural

Desi Theory and Avolications (R.H, Gallagher, 0.C., Zienkiewic:
Zeds.);. V¥iley, Lordcn, 1973

J. L. Swedlow: "Cevelopment of the Program SPECEL. 4 Special
Element for Zlasto-Plastic Crack Tip analysis." Report S¥ 74-1C,
Department of Mechanical Engineering, Carnegle Institute of
Technolcgy, Pittsburgh, USi, 1974

W, K. Mlson and J. R, Osias : "A Comparison of Finite Element
Solutions for an Elastic-Plastic Crack Prcblem." Irnternational
Journal of Fracture, Vol. 14, No. 3, 1978, p. 95 - 1C8

R.S. Barsoum : "Cn the Use of Isoparametric Pinite Elemenis in
Linear Fracture Mechanlcs,"” Internstional Journal of Mumerical
Metheds in Engineering. Vol. 10, 1976, po, 25 - 37

R. 5. Barsoum : "Triangular-Quarter -Point Zlement as EZlastic
and Perfectly-Plastic Crack Tip Elements.” Intermational Journal
of Numerical Methods in EZngineering. Vol. 11, 1977, po. 85 - 938

R, D. Fenshell and Shaw, K. G. : "Crack-Tip Finite Zlements Are
Unnecessary." International Journal of Numerical islethods in
Engineering. Vol., 9, 1975, op. 455 - 507

0.C. Z*'3nkievicz : The Finite Element Methed (2rd editicn),
MeGraw-Hill Book Company, London, 1977




Py

13.

14.

15.

16.

17.

18,

19.

20.

- €9 -

¥.-J. Pathe and E. L. 7ilson : Numerica] Methods ir Finite

Element Analysis, Prertice Hall, 1976

K. H. Huebrer : "Finite Zlement Analysis of Fluid Film Lu>ri-
cation -- A Survey." in Finite Elements in Fluids, Vel. 2,

(R.F.Gallagher, et al. (eds.)). Viiley, London, 1975

Nadir Patir and H,S.Cheng : "Prediction of the “ulk Temperature
in Spur Gears Pased on Finite Element Temperature Analysis.”
Preorint No, 77~LC-3B-2, ASLE/ASME Lutrication Conference,
Kansas City, Missouri, Octoker 3-5, 1977

H. Floegl and E.i. Mang : "Tensicn Stiffening Concept for
RC Panels, Pased on Bond Slip." Suhmitted for Publication to
Proceedings of the American Society of Civi]l Zngineers,
Journal of the Structural Division

H. Floegl and H.&. Mang : "On Tension Stiffening in Cracked
Reinforced Concrete Slabs and Shells Considering Geometric and
2hysical Nonlinearity." Ingenieur-Archiv, ir priat

J. Dennis and J, More : "Quasi-Newton Kethods, Motivation and
Theory." SI&M Rev., Vol. 19, 1977, oo, 46 - &9

K.-J. Bathe : "ADINA - A Finite Element Prcgram for Automatic
Dynamic Incremental Nonlirear Analysis." Report R2448-1,
MIT, Mass., USA, Dec. 1978

K.~J. Bathe and N.¥,Cimento : "Some Practical Frocedures for
the Solution of Nonlinear Finite Element Zquations.”
Comp, ¥eth, in Aopl, Mech, and Eng., Vol. 22, 1970, oo, 59-25




ANVEX 2

Names and positiuns of senior counterpart staff with whom
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AMMEX 4

Organization of field work

No. of
wneek from-to Jork Plan
1 2.14.- 9.14.: arrival in Zhenezbtou; 9.14.-92,182,: !
9.20, discussions with senior counterpart staff,
visit of computer center, laboratories and
1library; 9.19.: set up of work plan
2 °.21.- discussion of resezrch topies posed *»y resear-
9.27. chers and engineers of ZRIME
3 9.28,- preparation of Znglish-language lecture notes
10.4. for participants of a forrmal course on the F&il
(10.1-2
holidays)

4 1C.5.- preparation of English-language lecture notes
10,11. for participants of a formal course on the FZl

5 10.12.~ lecturircs (2 hours in the morning, 1F “icurs in
10,18, the afternocn); vreparation of Znglish-language
lecture notes for a series of specisl lactures

6 10.19.- lecturirg (3 hours in the morningz, 1} hours in
1C.25, the afternoon; no afternoon lecture on 10,2L);
preparation of English-language lecture notes
for a series of specisal lectures

7 10,26,~ 1C.26,-1C.28.: lecturing (3 hours in the morning );
11.1. 10,26.-10,31.: preparation of English-lanmiage
lecture notes for scientific conference in Xi'an;
10,3C.: Aiscussion of research topic posed by
researchers and 2ngineers of 2ZRIVE

4 11.2.- 11.2.-11.4.:X1'an-conference (two lectures on
11.8. 11.3.; discussion at the University on 11.4.);
11.5.-11,7.: discussion of researczh tovics
posed by researchers and engineers of ZRIMNE

9 11.9.- c¢iscussion of research toplcs posed *y researchers
11.15, and engineers of ZRINE




Mo, of
wneek

10

11

12

from-to
11.16.-

11.22.

11.23.-
11.29.

11.3C.-
12,6,

Jork Plan

11.16,-11.19.:discussion of research ‘otiscs
posed by resesrchers and engineers c¢f IRINEZ
11.20,-11,22.: preparation ¢f Technical

Report for MBI

.
’

11.22,-11.25.: rtreparation cf Tectniezl
Pepert for PAEI;

11.26,-11.28,: discussion of research touies
posed by researchers snd engineers of LRINMZ

11,30,-12.1.: discussion of research *ovics
posed by researchers and engineers oI ZRINE
12,1.: departure for BReijing (Peking)
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aNNEX 5

"Teighted" list of contents of originel lecture rctes on the F=ZI

nteignts" :

Cll1-1.4

(@]

1.5.1

€ 1l.5.2

€ 1.5.3

2. Plane

A21
4211

A 2.1.2

B 2.2

B 2.2,1 -
B 2,2,2

B 2.2.2.1

B 2,2,2.2

A 2.3
4231
A 2.,3.2

& -- less material required for lectures st Z3ILE
B -~ amount of material just richt

C -~ addéitional material required

Introducticn_to the Finite zlsment Ketrod

Cerivaticn of egusiions of motion for a ithree-
dimensicnal elastic continuunm subjected to forced,
damped vibrations

Comments concerning the governing variational prineiple

Derivation of Lagrange's equations from an extended
Hamilton prineiple

Zquations of motion for a three-dimensional domain
consisting of an assemhlage cf Finite Zlements
Stress and Strain

Triangular elements
Constant strair triancle

Figher order elements

Rectangular elerents
Element of first orier
Fisher order elements
Elements of second order

Elements of third order

Curved elements (parametric elements)
Concepnt

Determination of element stiffness metrix




x-

2.3.3
2,3.3.1

2.3.3.2

2,3.3.3
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Numerical intezration
Cne-dimensional (YFewton-Cotes, Gauss)

Two (three)-dizensicnal quaérature cver rectanzular
(prismatic) dorains

Two (three)-dizensicnal quadrature over trianeilar
{tetrahedronal) donains (Gauss-Radew, Hamnaer,Marlowe
and Stroud)

3. Axisymmetric Fodies

3.1

3.1.1
3.1.2
3.1.2
3.1.4
3.1.5
3.1.6

3.1.7

3.1.8

3.2

Axisymmetric loading and torsion
Kinematic conditions

Finite élement of axisymmetric solié body
Displacement functions

State of strain

Element stiffness matrix

Determination of element stiffness matrices ty the
computer

Gerieral scheme of a computer programme for solutions
of problems by means of the Finite Element kethod

Exanmples

Axisymmetric bodies under general loading

4L, Three-dimersional Frotlems

4.1
4.1.1
4.1.2
4,1.2.1
4.1.2,2
4,2

4.,2,1

Tetrahedronal elerments

Constant strain tetrahedron

Higher order elements

Ruadratic displacements (lirear sirain tetrahedron)
Cubic displacements (quadratic strain tetrahedron)
Prismatic elements

Elements of first order




4.2,2
4.2,2.1
4.2.2,2

403

Higher order elements
Zlements of second order
Elements cf third order

Three dimensional elements of the form of triangular
prisms

Three dimensional rparametric elexmenis

Crthotrepic material

5. Slabs (Sending)

5.1 Kirchhoff'!'s Theory
£.1.1 Fundamentals of Kirchhoff's Theory
5.1.2 Rectangular elements
5.1,2,1 Zlement of first order
5.1.2.2 Elerment with bicukic displacements
5.1.2.3 Triangular elements
5.2 Reissrer's Theory
5.2.1 Fundamertals of Reissner's ‘heory
5.2.2 Determination of element stiffness matrix

6. Shells
6.1 Discretization by mesns of flat elements
£.1.1 Transformation from local to global ccordinaies

and assemhlage of elements

6.1.2 Local cirection cosines
6.1.2.1 Rectangular elements (special arrangement of elements)
6.1.2.2 Triangular elements (arbitrary arrangement of elements)
6.1.3 applications
£.1.3.1 Triangular elements




B

B

B

6.1.3.2
6.1.3.3
6.1.3.4

B-C 6,2

B-C 6.2.1

3~

€ 6.2.2

B-C 6.2.3

to

6.2.4

£,2.5

6.2.5.1
6.2.5.2

Rectangular elements

Juadrilateral elerents

Shells of revolution (elements: corical frusta)
Discretization bty means of curved elerents
Fundamentals of surface geomeiry

State of strain

tate of stress

Displacement functions

Static and dynamic analysis of doubly corrugated
shells - a practical example for the analysis ef
shells

Results from static analysis

Dynamic analysis

6,2.5,2,1 Direct numerical integration of the eguaticns of

motlion

6,2,5.2,2 Dynamic analysis - results

7
7.1
7.2
7.3

7.4

7.5

7.5.1

7.5.2

7.5.3

. Stationary field problems

Fundamentals
Euler's Theorem of variational calculus
The extremal protlem for stationary field orohlems

Discretization of the continuum by means of finite
elements

A few practical problems

Mstribution of temperature in a pressurized
container of a nuclear reactor

Torsion of an inhomogeneous shaft

Seepage in an anisotropic, porous medium




-0 -

8, DYNorlinear Zlasticity

cel Introducticn

c a2 Derivation of equations of motion

c g3 Derivation of incremental equations of mectiion }
C 8,4 Specializations

Cr.Ll Nonlinear statics

C 8.4.2 Linear dvnamics

c &.5 Numerical investigation (stress analysis and tuckling
of cooling tower )




4.

ANNEX 6
List of contents of special lectures

Admissible and inadmissible simplifications of varlationel
methods in Finite Element Aralysis

. Puckling of thin shells subjected to follower-load forces

of the form of hydrostatic pressure
A warping-function based Finite Element Hethod for soluiion
of the shear problem for arbitrary anisotropic Iinhcmogeneous
cross sections :
Ultimate load analysis of cracked reinforced-concrete plates,
slabs, and shells considering geometric and physical non-
linearity

TMnd~-loaded reinforced-concrete hyperbolic cooling towers:
Buckling or ultimate load ?

Introduction to linear-elastic fracture mechanics ty the
Finite Element Method

Introduction to thermal analysis by the Finite Zlement Nethed
Constitutive equaticns for plasticity and creep
Introduction to optimum structural design

Introduction to fully stressed design










