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Summary

Key Words: Creep, standards, hamlonisation,  dxa-;~iq.  stress rela?:a~ion

Tle Concerted Action was highly successful in its o~:zdi original aim oi’ co-ordinating  the gcncratlon.

coI1ation  and analysis of creep data for metals commorj>-  used for high t~ mperature plant applications.

The main achievements were as follows

●

●

*

●

●

●

●

●

●

Creep and rupture strength values for a Iar:: number of materials used in high temperature

plant have been agreed b>- European iztiuslg  and recommended to/incorporated in

European Standards.’

Procedures for vetting large sets of data EGz-e been developt :d and validated based on the

new and original concept of P.4Ts (Pos~ .L=s-=sment  Tests).

A system has been setup for the co-ordinz:ai suppl~  of data.

Procedures for hamlonisation  of data prtixzion,  assessme~  lt and utilisation (for existing

and future plant requirements) have been @?-.-eloped  in detail.

Optimum data exchange and analysis m~thi~~ have been dev;loped  and validated

New data have bedare  being generated oc fi<~i materials (st ich as Grade 91 steel) through

Europe wide co-operation between industry.

Infom~ation  disse~ination throughout Eurcye h~~ been high]. effective.

Key future data developments areas ha~ i ties idimtified  r wlting in t~~o ne~~ Thematic

Network proposals (one accepted b> CEC for fundin,;  (CEC Proposal Reference

BET2-509) and the other likely to be subrrxzeci 10 CEC in th t near future).

T~vo ne~~ areas requiring the formulatiw  cf ne~v standarc!s/codes  of practice have been

identified. These are ‘interrupted creep w~w-g’ and ‘stress relaxation testing’. Proposals on

these aspects submitted. under the SMT ciay-anune Ivere accepted and i~ork is non  in

progress (CEC Reference: SMT 3127. an< S \fT 312 1)

The priman benefits to the Community from the work t~ill  arise ‘;rom more cost-effective data

development. Specifically the work confers the foiicmjng  benefits ‘;or alloy producers and plant

manufacturers and operators in the pom’er and process ~lat industries.

1
● It enables European power plant manufacwrers to improve Iheir competitiveness in a tvorld

market through better and more rel iahi< de~ign,  data generation  and data anal!sis

practices.

RcHNWIREPORTS!W032047.  SAMIPF.A
ERA
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● It aids in maintaining a strong European pr.x-ess and poii-er  engineering industn,  lvi[h the

resulting financial benefits and securiv  of t-rnplo>ment  for the hundreds of the indust~”s

●

supply/semice  companies (main]! S> IES).

It aids in ensuring a safe and secure supqiy of lo~v cost electricity] (~vith  the resuhing
~

benefit of increased competitiveness for 21 European manufacturing indust~  including

many tens of thousands of ShlE manufacr~rers)  through better and more reiiablc  design

and life assessment.

●

●

I

It will lead to conservation of fiel  and rtiwed environmental impact’ as a result of the

acceleration of the development of higfi”er  efilcienc>  advanced plant Ivhich \vill  be the

consequence of the larger data pools now =.zikible  through this Action on ne~v materials.

It wi~l accelerate the developmin~ of nei~ n.ateria}s  through better co-operation ben~een  {

European industg’  in this area.

The project has brought together  2 I European industrial companies themselves

(particularly in the field of creep), b) Eurcpean industn  with the European resiarch base

and c) Industrial experts with Europsan S-~~&rds  committees. Through this co-operation

European data generated over man~ ck&es is no~v being pooled together  for qualit!

assurance and re-analyis  for the greaw kxfit  of European industg  as a ivhole.. -

Refl:\wFlREPORTS\WO02C@7 SAMIPFA ERA
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1

1.1

1.2

The Consortium

Partner and Co-ordinator

Dr I A Shibli
E R A  T e c h n o l o g y  L t d
Featherhead,
Surrey, KT22 7SA, UK

Tel: +44” 1372367000
Fax: +44 1372367099
Email: ahmed.shibli@era.  co.uk

C o n s o r t i u m  D e s c r i p t i o n

The Consortium, on whose behalf the ~~ork is being  co-xchnated  bj ERl,  Technolog~.  is the European

Creep Collaborative Committee (ECCC).  ECCC 1s 2 ~ouping  of abo Jt 35 European organisations

including 23 industrial companies. The grouping cmrqnses  tmiversi{  ies, research institutes. plant

manufacturers, allo~~ producers, and po~ver and perrtxhtical  plant ope raters, A brief de.s’cription  of

some of the (mainly) industrial participants is gi~en belcwn

● Nuclear Electric Ltd is a wholl>- o~ined  >mbsidian of B! itish Energ PLC iihich is

responsible for generation of electrici~ from .~GR and PWR stations fvithin  the UK. The

installed generating capacity of the companv  is z~proximatel}.  9 ( ;Jvatts.
.

● Centro Sviluppo Mateiiali  SPA (CS31) ~~~= founded in 196; in repl~ to the Italian Steel

Making and Steel Using Industries’ request. Tr< nature and pupose  of this centre  is to earn

out research and to promote industrial acti~izks  in the field of materials innovation and

know-how development for steel and high tedz-dogy  industries. CSM has 340 emplo!ees.

CSM is particularly interested in creep data d=-=. . Joprnent  on ba:;e materials and ~velded joints.

The CSM has considerable experience in hi~@ tmiperature  mate;ials  and their creep laboraton

is the biggest in Italy.

● Mannesmannriihren-Werke  AG is a producer of pipes and tubular products in German>.  Its

research division (Mannesrnam Forschungsinss~it)  has been i~ ]volved in long, term materials

testing for more than 50 years,  The staff of tk }Iannesmanri  l;orschungsins[ itut comprises a

total of about 190 persons.

● Technische  Hochschule Darmstadt  (Institute Fiir Werksto!”ikunde)  undertakes estensivc

work on creep-rupture testing and data e~aluation  of high temperature ntaterials and

development of lifetime prediction metho&  Involvement ir the present Ivork increases

expertise in areas relevant to both po~ver  sgeneraricm  and process plant.

1’

ERA .Apnl.  I ~~-
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●

●

●

●

●

●

●

●

Universitlit Stuttgart (Staatliche  Nleterialprfifung  Sanstal[) (MPA) is a ~~ell kno~in research

institute in the domain of material science and cmnponent and s>stem safct!. MPA intends to

promotes data development for ad~anced  po[wr md process piant design.

GEC-Alsthom  is a leading manufacturer of turbine and pressure part components for nuclear

and fossil fired power plant including combind  c>”cle pow-er  stations. For design of high

temperature pkmt,  a large body of long term creep data is ‘essential. This project co-ordinates

testing and data analysis. requirements throu~@&t  Europe to maximise the infomlation

database available to the po~ver  plant desi-gn engineer to permit the design of high qualit!

machinery which is competitive in the ~rorld  market.

British Steel (Technical Division): hmg-~erm  creep data development is essential to the

following aspects of British Steels corporate ai~s a) to maintain a broad producL  range:  b) to

differentiate its products from those of other producers b} brand marketing and product

quality, and c) to increase its sales of finished products tvhich contribute higher  margins.

PowerGen PLC is one of the UK electrical .pm-er  generation companies formed from the

Central Electricity Generating Board. In the LX market for electricity] generation: its aim is to

become the most cost effective supplier and the &ta development activities are fundamental td

this aim.

Electricity de France (EdF)  is the French natim-dl  electricity! generation uti[it!. De~;elopnlent’

of creep data are fi.mdamental  to the optimised ~rformance  of its plant.

E1ectricidade de Portugal (EdP) is the Portu-gse  national utilit>  responsible for the design:

erection and operation of power plants. ind the distribution of electricit~”  to its consumers.

Laborelec  is the Belgian Laborato~  of the Eiztric”  Po~ver Industry and is a co-operative

organisation founded by the Belgian Electricity :uppl! companies. Its function i.s to conduct

all necessary scient  iflc and technical research  to improve the existing means of potver

generation, transmission and distribution. Laborelec  personnel = 250.

Technical University of DenmarMElkraft-Elsmn:  Elsam and Elkraft  are. the Danish po\~er

utility companies supplying respecti~”ely  the ~va~ern and eastern parts of the count~.  The

corporate strategy is to improve efficiency of po~ver  generation processes and for this,

materials data on ne~v improved pcm-er plant st~”~ are of vital  importance, Further there is an

incentive to prolong the life of existing plants, and for this:  kno~vledge  of creep properties is of

importance.

● Graz University of Technolo~  (GUOT) ams as a national representative of Austrian

companies, which are involved in the manufacmre. fabrication and application of heat  resistant

and high temperature materials in a 1~-ide range of industrial sectors.

Rcf.l\WF’WEFOR13WQ020-97 .SAhhF’FA EF?A April. I +7

I

I

I

I



ERA Report 97-0184 1 11

●

●

●

●

●

●

●

●

●

●

ABB is a manufacturer of high temperature plan? and the availabi  lit> of creep data is of central

importance for safe and economic design of such plant.

Swedish Institute for Metals Research (S131 R) collects an~ assesses high temperature

mechanical properties as a basis for the evalua[ion of characteristic strength values for

engineering design for a number of different m-pe of industrial o -ganisations  in Slveden.  The

values are frequentl~ included in material standards.

Instituto  Scientific Breda SpA (ISB) is the’ successor and unique heir of the hlstituto

Richerche  Breda IRB. ISB is ~vorking  on applied and/or industrial research projects, failure

analyses, and engineering and material utilisation. ISB has 50 en ployees.  The characterisation

and explanation of the creep beha~~iour  of me~als is a long, ruining

ENEL/CRAM

ENEL Spa (former Italian Electrici[!  Board) IS one of the larges~

tradition of ISB.

utilities in the lIorld.  ENEL

Spa is in charge of generation. transmission and distribution of e] :ctricit! all over Ital!. .ENEL

employs about 97000 people. ENEL devotes to R&D activities a staff of about 1000 highl}”

qualified researchers and technicians and’ has an annual budget  o‘ more than 150 MECU. The

,Environmental  & Materials Research’ Centre (CRAM) is ir Milan and employs about
\

150 people.
$

DSM is an international cornpan!  producing plastics. fertilisers ;md chemical products. DSM

is based in Geleen, the Netherlands. and emplo>s  I S.000 person: Ivor]d-lvide (about 10.000 in

Europe), t
\

Siemens is a large German based p,o~~er  plant manufacturing con Ipan>

National Power is the largest UK based fossil pm~.er  plant opera’.or,

ESB: Eire Electricity Supply Board is a po~ver generation compa 1! in Ireland

VDEh is the materials organistiodunion of Ciemmn! and is a nlember of the European creep

committee.

Ansaldo are power plant boiletiakers  and are based in Ital>.

BNS: Bureau de Normalisation de la Siderurgie is a Standards o:ganisation  from France

lRD/Rolls  Royce is a large UK based compan>”  ~~ith major po~vt;r  plant activities.

Electrabel  is a Belgian electricity supp[y compan>

Rcfl:\WPWEF0RTSl\VC020-97.SAhiVFA ERA .+pd.  l!$-
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● Other organisations involved in the projec[ are:

- GEC Alsthom Stein Industrie. France

GEC Alsthom Man Energie, Germany

- CISE Spa, Italy

LJniversite di Ancona, Italy

- Nuovo Pignore Spa, Italy

TNO is the welding institute of %herlanck

2 Technical Achievements

2.1 O v e r v i e w

The structure of the Concerted Action is sko~~n  belo~~

, CEC J
MANAGE\lENT COXI%IITTEE

H’”
WG*I ; WG3.1

Creep data validation & ~ Carbon and low al lo>
assessment procedures : \vrougIlt nlaterials

W G 2 $ WG3.2
Technology transfer forum High alloy  (9- 120/.

chron~ium) steels!

*WG = Working Group WG.3.3
Austenitic  steels

WG3.4
Bolting materia!s

During the project, the four working groups (WG3. 1 10 WG3 .4) collated and exchanged data on high

temperature materials and processed these data in accordance ~vith recommendations generated b!

WG1. The key development areas of these \vorking  groups are showm in the figure above.

RcC.l\UrFtREFQRTS.\ViQ320-?7.SAM(P FA ERA AMIJ. IQ’+”
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1,
I

I

The overall subject is technicall~ complex and a difflcuI:  ~ta f;r interaction smcc

are long established national methods and standards l=dmg  ro natural prejudice.

in cac!l  coun[n  there

Ho\vever,  ~~ithin  the

Concerted Action it has been possible to harness the kn~id~+ge and enthlsiasru of the national experts

and encourage the exchange of experiences in the effocrs  to~vards  harmonisation of European

procedures governing creep testing and data analysis. E&opean  collab  xation has also been used to

collect, collate and analyse creep test data on a \\ide rainge of steels frt m man} sources. Such data

were analysed  using methods of the Concerted Action to ~ts~blish  approp -i ate long tem~ strength values

for high temperature design purposes.

The Concerted. Action established a good rapport WI-J,  those respons ble for developing European

Standards and its guidance is nolr frequently requested
1

2.2 Overall Achievements
. . .

By far the most significant achievement of the Conce~ti  .Action has bee 1 European harmonisation and

standardisation of data generation (ie testing), da~a exctige and data a ~al!sis  methodologies. This is

against a background of sometimes conflicting continuing na~ionat  dew Iopmcnts. in particular in the

UK, Germany, France and Italy. New procedures md  concepts hate  been developed. Thus. for

example, the ‘post (data analysis) assessment test’ or ‘P.\T is a ne~~ concept developed b} WG 1 to,
assess the authenticity of data analysed and of design su~gih  predictions for high temperature plant

Different working groups were responsible for the da Aopmtnt of different t>pes of ]{~aterials.  Each

working group consisted of a number of organisa~iom<  from .differt  nt count ries of Europe, The

interaction between these working groups and the interaczzon  of all \vithi n WG 1 resulted in a close and

complex collaboration between the organisations of the differem  European countries.

The nature of the work was such that technical visits  m pxtner laboratories \vere not required apart

from visit to the laboratones of the organisations hosrin~ meetings, El ;ctronic exchange of data and
\ communication between the participating organ isatiors was frequent. h .eetings of the ~iorking groups

provided an opportunity to familiarise participants’ \\iL: the \iorking i ]f creep comn~ittees/groups  in

different countries of Europe, and also their ”testing  and dm.a analysis pra ;tices.

The organisation of the ‘Infom~ation  Days’ \vas a ~~icd example ~ ~Jf the t>pe of inter-European

collaboration achieved through this Concerted Action. Thus the event, on 18th October 1995  \\’as

organised by ERA, hosted by VDEh (Dusseldorf- German>”)  \vith ;peakers from four European

countries making presentations and delegates from o~er ! 6 countries hai ing attended the event

In terms of technical achievements, the Concerted .%uon identified ne [v areas of \\ork. Specifically)

t\vo new SMT projects and a Thematic Network on Cr~ Data Develomlent for ~ieldments  have been

spawned. A fhrther Thematic Net~vork  to ipecificall>-  fi~! gaps in the sc >pe of the existing database for

parent material data is also planned.

,\t>,i I ~-
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[

2.3 Specific Achievements
\

The pafiicipants in the Action concentrated their \vork on properties and materials most needed to

achieve a coherent body of data. Hence the focus was on materials such as IOIV and high allo} steels. I

austenitic  steels and bolting materials, used in high temperature plants. Both existing materials (such as

0.5 CrMof7, 2 .25Crl  Mo and Type 316 steels) and ne\v materials such as Grade 91 and 92 ~wrc

investi~ated.
i

Regarding the validation of methodologies for ne\v data generated and implementation of qualit> i
I assurance programmed to obtain high quality data, the Action developed qualit>  assurance procedures II

I . both for @a generation and data analysis. These methodologies ~vere applied to both existing and ne~v f
data.

The achievements in terms of original industrial and technical objectives are described belol~: I
I I

,.

1).

4)

5)

6)

7)

I

TVith regard to the setting up of prtxxdures  for vetting data, this \\ ’as achieved through the ~

development of PATs (Post Assessment Tests), This is a ne~f. and original  concepl and 1’
allo~~s  the assessor to reject suspect data. 1

1

.% regards the co-ordinated supply of data, a system was set up and used b> the ~vorking 1
i .

groups.

1
-Approaches for harmonizing of standards for data production, assessment and util]sation I
(for existing and fiture  plant requirements) were developed in detail..

~
Daxa exchange and analysis methods were developed and validated.

Information dissemination throughout Europe \vas highly effective. Infomlation  da}s  open

IO European indust~  and meetings with ECISS representatives were organised.

Ke! fiture  data developments areas were identified, particularly \veldments.

Regarding  areas requiring the formulation of new standards/codes of practice. t~~o ne~~”

areas ~vere identified. These ~vere interrupted creep testing and stress relaxation testing.

Proposals on these aspects submitted under the SMT programme \vere accepted and \\ork

is no~v in progress.

I

Ref.l:\WPUKPORTS UTb3X@7.S.~flPFA +llL 1~- 1!’
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2 . 4 Technical Benefits

Volume 1: Overview

This gives an introduction to Volumes 2 to 5 and pro~-ids >widance  as to their use
I

Volume 2: Terminology Document

This volume has provided the essential common basis for cmmnunicatior  b! all participants !vithin the ~

Concerted Action. It has unified terms and terminol~ uxd  in differen: European countries and has

been highly effective in optimizing co-ordination berw-~ technical ~voI kers,  experts and indust~  in

E u r o p e . I

The terms and terminolo~  included in this dqcumem  a-w recommended br use b> all Ivorking groups

of the Concerted Action, to ensure a common under=a~ding’  particuk  rl> during exch~nge  of data .

between partners and groups. The temls and terminolo>-  Mcltided are representative of best Practice  to

which all fiture tests and “programmed mav be expecr.ti;~  complv and b ;come reflected in revisions of

testing standards. However, it is recognised that nm M eiisting data, although produced from valid

standard test practices, will have a complete set of intb-kmion.

The document consists of five sections lvhich have beai omlined belo\v tt rgether  Ivith  examples of some

of the technical work.

Section 1: Material Details

This Section contains recommendations for material ~pe, material s wrce,  manufacturing details.

product details, chemical composition, heat treatment czc ~ .

Section 2: Test Types - Descriptions

This Section makes recommendations on test conditioi-~ and tem~inolo:  > used for different test t!pes

such as stress rupture, creep rupture,’ creep test. stress ::hation (both .miaxiai  and component tests).

Included are type of measurements to be made and fieir  definition. TIN rs, for example, tem~s used in

creep and stress relaxation tests are defined in an unarnbi_aous  manner a; shown in Figs. 1.2 and 3.

Section 3: Test Details

This Section contains terms and tegninolo~  for the following: test environment, specimen details, test .

conditions such as measurement and control of temp=rawe  and load, ddinition  of loading: elastic and

in-elastic strains, test machine details, and test resuk.

Section 4: Standard Terms and Symbols

This Section describes symbols to be used throughout Europe to de~;ote  different material and test

cotiditions.  An example of this is shoivn in Table 1.

Ref.1.\\\TlREPOR13W0320-?T. S.VJWF.+ ERA .Apnl.  I !w-
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Section 5: Data Assessment, Collation and Storage - Dtfiiitions of Terms Used

This Section has produced a unified definition of term used in data assessment. collation, exchangeI
I and storage

In addition to the above, a count~  and laborato~  code ~-stem has been de~’ised so that,  in fiture.  the

source of all creep data within  Europe can be msil:-  idawifkd.

The terms and terminology in this volume contain explanation for clarification purposes.

It is intended that this document should be revie~red  at rtgdar  internals and amended as required.,

Volume 3: Acceptability Criteria for Creep, Creep Rupture,

Relaxation Data ‘

~ Prior to the assessment of creep, creep rupture, stress ruprure  and stress

Stress Rupture and, Stress

relaxation properties, there is a

need to confkm the integrity of the input data, both in terms of the pedigree of the material used and the

testing practices adopted to generate the infomlarion.  his ~olume considers thi  minimum material and

testing pedigree information requirements for existing and future creep propert> data. .

In formulating the acceptability criteria for assessmen~  input data, there ~~as a predictable dilenuna.

(he potential course of action was to require that all daa ~~ere accompanied b> (i) a comprehensive

list of material details and (ii) evidence to confkm thar z~ling has been perfomled  to conform \~ith  an

acceptable modem specification. .This t~”ould  gi~e compkle  confidence in the reIevance  and qualit! of

the data, but could exclude a significant fraction of tk currently available test information (some of

which extends to ven long durations).

The compromise has been to define minimum requir:,ments  (See Tables 2 to ~(b)) to ensure the

acceptability of kxisting data which have been regarded, traditionally as reliable. but to recommend
j.

tighter acceptablhty criteria for the Mure.  The basis for the recommendations relating to material

pedigree and testing practice acceptability criteria are detiled  in this Volume

A st.uvey  was pe~orrned  of the principal and nation.d and international standards relating to creep

rupture and creep strain testing. A first aim ~r~s to s= if there were significant differences bet\\een  the

standards, to see if the data generated \vould  ha~e to be classified according to ~es~ing practice before

they were entered into a common assessment procedure. A second aim \\.as to check if

recommendations should be given to improve existing standards or to prepare ne~~ standards as a better

basis for the generation of data in the fiture.  FinaHJ-  i~ \\as  questioned ~vhether recommendations were

needed for the assessment of raw test data eg for deri~-ing time to specific strain data from the original

creep curve data.

1
1,
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The survey led to an, overvie~v of 9 different testing starxkrds. in use ~rorl  d-\~idc or at a stage  just prior

to formal introduction.

In addition to the overview on testing standards. the creep and creep ruptt  re testinQ practices of leading

laboratories in several European countries mtre revia~-ec. This also provided assistance fvith the

definition of minimum testing practice requirements (a) for existing crei  :p and creep rupture data for

assessment and (b) for data to be gathered in the future.

All types of testing are considered. ie creep testing up to” a given plastic or creep strain, creep rupture

testing with strain measurement and pure stress rupture t~ting  without stt  ain measurement.

A formal list of recommendations concerning creep =X fipture  testirg practices are given in this

volume and form the basis of recommendations to ECIS S

As a consequence of the work leading to the prepara~ion  of Volume 3 (Issue 1). strong submissions

have been made to COCOR highlighting the urgm~ r~pirement  for m)dern European standards for

unintenupted  creep rupture testing, intermp~ed creep Iruprure testing, ~niaxial  stress relaxation and

model bolt stress relaxation  testing. There is strong e~idence  to indicate that these submissions l~ill  be

accepted and that the recommendations detailed in l-@lume 3 \vill  p! ovide the basis for the ne\I

standards.

Volume 4: Guidance for Data Collation and Exchange

A major aim was collection and combination of tesr tits from the ~Jarticipating  laboratories in a
sl,stematlc  mmer ~d \\,lth the least n~lsund~rs~andin>  prior to asse ;sn~ent  of strength va[ues for.
Standards. Full recommendations for the collation and exchange of dat;i are given in the body of this

volume. The physical format by which data are wansfe;ed  is based on Microsofi Excel spreadsheets.

These have been designed follo~ving a detailed  rt~ie~~ of the A :tion  participants’ and other

organisations’ electronic databanks, and paper-based msthods of data storage. The contents of the

spreadsheets are compatible with Volume 2 (TernE and Tem?in<  Jog>) and Volume  3 ( D a t a

Generation). Together with the accompanying recomm.mdatiom  for th :ir use, the spreadsheets \\ere

prepared over a period of 2 years, that included trials  of preparing sample data sets and of their

exchange, Documents defining how the data may be do~~nloaded  from, and uploaded into the

Concerted Action members’ databanks are included in this  volume, a] d the recommended format of

documentation that should accompany spreadsheets con-tiing  data is al ;O recorded.

Volume 5: Guidance for Data Assessment

This volume provides guidance for the assessmem  of large  creep rupture. creep strain and stress

relaxation data sets. Issue 1 concentrates on creep rupture data assessn ,ent (C RDA). It recognises that

it is not practical at the present time to recommend a single European t;RDA proccdurc and promotes

Rcf.t\R;F’WEF0RTSNVW2&97  SAM?F.4
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the innovative use of post assessment acceptabiliq  a-i:ria to independent]> IeSI the cffecri~encss  and

credibility of creep rupture strength predictions.

The guidance is based on the outcome of a tsvo year w-orli programme invol~;ing  the evaluation of a

number of assessment procedures by several anal>”sts  using large  working data se~s. The results of this

exercise highlight the risk of unacceptable levels of uncemint~  in predicted st rengh  values \vithout  the

implementation of a well defined assessment strate~ including critical checks during the course of the

anaiysis.
I
I
1

Guidance for the assessment of creep strain data and  stress  relaxation data are contained in Issue 2 of

this Volume 5.

Overview of the CRDA . .. .

The recommendations for the assessment of creep ruprure data are based on a comprel~ensive revie\~  of

CRDA procedures and an extensive evaluation of their effectiveness. The evaluation progranune  ~vas

i

t

i

I

performed by members of the Concerted Action using four large. inhomogeneous.  mult i-cast .I I
multi-temperature working data sets, especiali~  compiled for the exercise. The four allo!”s  ~fere

t

~
2 !4CrMo,  12 CrMoVNb, 18Crl lNi and 3 lNi20Cr.41Ti  (Incoloy  800), and \rere selected to represent I
the spectrum of materials covered by’ the four iVG3.x \~-orking  groups. The results of the evaluation {

programme have strongly influenced the recommendation< listed in this volume:
‘ {

\
As it is not practjcaI  at the present time to recommend a singIe CRDA methodology consequent}’. the

I recommendations do not impose restrictions on the u-s of any procedure- provided that the results I
determined satisfi certain conditions and a set of po~  assessment acceptability criteria. The post I!
assessment’ acceptability criteria are the ke> to the CRD.+ recommendations and have been devised to

give the user maximum confidence in the strength pr=diaions derived through a series of independent

post assessment tests (PATs) on the results of the anal> -sis.

Although the implementation of these recommendations requires significant additional effort, this is

regarded as entirely justified. The evidence, presented in this volume, from the CRDA evaluation

exercise has clearly demonstrated that:  \rithout  pre-assessrnent,  repeat main assessments and post

assessment tests, the uncertain associated uith predicted strength values (in particular extrapolated

strength values) is unacceptably high.

A laudable goal for the iiture has been identified as the development of a European state-of-the art I

CR.DA procedure, and a number of target requirements for such a methodology are identified in : i

Table 6.

Ref.I:lWFlREPORT3WM120-97. SAhllPF.4 ImA
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Recommendations for the Assessment of Cree~  RupriJrt  Dim

The results of the CRDA evaluation exercise hi~hli_Ai tii nsk of unacccptab[c  Ievek of uncertain) in

predicted strength values without the implementation o< ~wnin  precautioila~  checks during  the course

of assessment. The findings of this exercise ha\’e led w G number of” recommendations for performing

CRDAS.

P r e - A s s e s s m e n t

Pre-assessment is an important step in the ana!>s:s of creep r-L pture data, It involves

characterisation ‘of the data in terms of its pedigree. c~~~tibution and sc; mer (randontisysternatic).

(a)

and

1“ (b) data reorganisation (if deemed necessa~  b> Ihe ;.fidings  of (a)). “n certain CRDAS it includes

preconditioning/data reduction as routine. An img~mnt b>-produc  I from pre-assessment  data

distribution analyses is information ~vhich could b< ir.fiuen~ial  in the p! arming  of future creep testing

programrnes.

The precise demarcation between the end of pre-ass~-..,.- -===m and the stat of the main-assessment nla~

be unclear and in certain CRDAS,  the final assessm:~: is or-d> perforn ed after a number of iterati~,c

steps back into pre-assessment.  At least one anal>-sis  E usual as part of p-e-assessment. in order to

characterise the trends and scatter in the data.

Post Assessment Acce~tabilitv  Criteria

The CRDA post assessment acceptability criteria fall i~~~  ~hree’ main cat.:gories.  evaluating:

the physical realism of the’ predicted isotherrn2  Iims.

the effectiveness of the model prediction ~~-id-iir.  tit range of the input data. and

the repeatability and accuracj  of the extrapol~::cns

These are investigated in a number of post assessmen:  :~~s \\hich  ma!” be conveniently perfom]ed in a

spreadsheet such as Excel. ,-.-

Radical advances have been made with respect [O the creep rupture da la assessment of large datascts

typical of those used to determine strength values for European design md product standards. in a far

reaching data assessment exercise, WG 1 have demozs–timted  that hig;l  uncertainties associated \yith

extrapolated creep rupture strength values are possibk if appropriate precautions are not taken during

analysis. To minimise the level of such uncertain. WG 1 have de]ised a series of effecti\le  post

assessment tests (PATs) \vhich  provide an independtm  check  on the res~dts from an!’ creep rupture data

assessment procedure. This is an original concep’t  and IS ahead! being adopted in a ne\\ state-of-the-a’rt

analysis procedure under development by a British Scxidards ivorking  panel These reco]l~]~lcl~datiol~s

and the background infomlation  relating to creep rupture dma assessme~  it are detailed in Volume 5

Ref.l:\WFlREPORTSlWO020-97 .SAM!PFA
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Table 1
An example of unified terms recommended for use in creep and stress relaxation tests

~ NAME UNIT(S)

4.4 Test Piece (Section 3.2)

Dimens ions

D i a m e t e r

Thickness

Width
.>

Diameter of tubular specimens

Originai  Gauge .Length

Parallel Length

Extertsorneter  L e n g t h ’

Refefence Length

Transition Radius

Notch Root Radius

Diameter at Notch Root

Notch Angle degree (0)

Directionality

Longitudinal

Transverse

T h r o u g h  T h i c k n e s s -,

Location in Test Material*

Axial/Centre/Core

Mid Radial

etc.

SYMBOL

dO

th

w

O.d
i.d

Lo

LC

&

L,

r

rn

d.
\

u

L

Tr,

T-r

1

(*Since this is product dependent, it should be stated, in written ,
or diagrammatic form, along with the test resu!ts)

.+,)rl. 1~-
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Table”2
Minimum material pedigree information requirenlents  for

‘ existing creep rupture and stress relaxation data

C A T E G O R Y M I N I M U M  iNFORMATION  R E Q U I R E D ”

Material  Codes -  castiheat  number an-d!or  mate-lal c o d e  used b y
t e s t i n g  la bo~-atcry  ‘“

-  c o u n t r y  code:-:
M a t e r i a l  P e d i g r e e  ; -  a l l o y  n a m e ’ - ’

.- c h e m i c a l  composlz~on  (produckI Orcastjheat)(e
:- p r o d u c t  f o r m  (wi:r dimension:;  i f  ava i lab le)t( -  heat treatment :?rne ti’1 /temperature/cooling medium

Table 3

Minimum material pedigree information requirements for new creep

rupture and stress relaxation data generated afttr 1.1.95

CATEGORY I M I N I M U M  I N F O R M A T I O N  REQUIRED’”

M a t e r i a l  C o d e s ~ - c a s t / h e a t  n u m b e r
\ -  material  code,used  by t e s t i n g  l a b o r a t o r y

-  c o u n t r y  codeic’ ,-
I -  laboratory  code”:

M a t e r i a l  P e d i g r e e  ~ - specif ication and/or grade name
- chemical composition (product or cast/heat)(e’,!~
1- supplierimateriai m a n u f a c t u r e r  (country code)iC’S~
I
l.- primary melt pro”cess~$~

-  deoxidat ion pract ice(g)

1 -  secondary melt process (’f  appropriate)
(9) ,.

(!)

~ -  i n g o t  o r  continuo-us  c a s t
! -  cast /heat  weight::;
;_ product f o r m
; -  product dimensions (and hea!: treated ‘size if

different)lS’ .--,
: -  processing route”

(91- product  rnanufacture[f),temperatpr~coo]  ;n9

I - heat t r e a t m e n t  t i m e medi urn
; -  testpiece  location/or{Qe~~aton’g;’
i - R T  t e n s i l e  p r o p e r t i e s

(g,h,;) .i- HT tensile propgr~ies
1 -  inwact  e~te[~yi:”  :\
1 - hardness “ (~,t:

-  microstructure -

1-

ff~~ la! tft: wom~ of additiofial  mfomati,m  is m{ orecl@e~  s= /“j
f~j umqw cas[mea! numrlsomferrd,  butazy  not w mm
Ii,[, cmtryof, testing  laboratory (saecdesusd  to refer to =s:ry of suwdierlmtmal  mnufacturerj

(ii alloy tpe, specification/grtie or7rde;omorletaryna*
[el =Matory  ele~nts  d@mdmal  loytywatiaredeflM  mlatis ..jof issue20f [1]
{f! jtl$floto~ctlcal fprh@treatwnt  tj~stoopUtiato?~,  x: ~lghlyr~med!g  that tklnfomatlm  lsreportti~eninm!

igj additional rewraaentsfor  tests started afte:l .1.%
(h) the o~glnof the wwertwss  hallktrxeable  via th+t.esn%i~ontory
( i )  tStolem  ]ocatlm/oriffltatl  minfomatlofi  lsmtitoq  ~zs Mtenal  Pdlgre? gtestln; inforutlon  (se?  Tale4oj

{;) if swifld in themterial stardard

(kj thelmoratcry stall oeina Position tosupoly  aticm@mm' fit

Rcf 1 \U’PWEPORTSJWO020-W  S.AhriPFA
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Table Sa
Minimum testing information requirements for existing creep rupture data

t C A T E G O R Y  ! MINIMUM IN Formation, COMMENTS$ REQUIREC’a;
Test’ , - type of test -  uninterrupted;’ .nterrup ted’

1 creeo,  creep rua2ture,\
s t r e s s  rupture

Standard i- testin s t a n d a r d  ODeVeC -e. 3-11 ‘u”
Testpiece l-detail~i fnotuniaxlal” ,-i?a~propliate

smooth round bar
-  n o t c h ’  g e o m e t r y  & d i m e n s i o n s  ~ -  i f  appropr ia te”

T e m p e r a t u r e  I -  speci f ied  va lue
Stress -  appl ied  s t ress  (CO)
Test Results 1- test duration (t) ~

[- continuing, broken, unbrcken~- as  appropr ia te
-  total p l a s t i c  s t r a i n  Gp[z}

and/or creep strain c+(tj ;- as appropriate *

M7S: ( a )  the reoortirqof  ditimal infomation  is not w~)k:. w ~::

(b] itslkwldt  etkamtratrn that testing perfomtiacodlfi; :: a milstxstardatiat  lust Eets therniniam rewirw~!s I]tiej
in Table Sb

Table 4b
Lowest common testing practice specification associated with the

requirementsof  (3-11)

.

Testpiece ; - d i a m e t e r  ( d o ) ;-3
1- preference length (Lr) 1- :3!:
,,- shape t o l e r a n c e 1- <*Oj04rnM
1
; - measurement tolerance I -  sfO,Olmm

Machine -  t y p e s i- all, i f  l o a d  c o n t r o l l e d

T e m p e r a t u r e  i - t h e r m o c o u p l e
I

- b a s e  me~al  o r  ra re  m e t a l

number of thermocouples -  s u f f i c i e n t
I
1- c a l i b r a t i o n -  e r r o r  o f  thertnocouple

! determined
[I - measurement equipment 1- to lerance/ resolut ion suf f ic ient

1- permitted tolerance - s?3/4/6/8°C  UP  to 6 0 0 / 8 0 0 / 1 0 0 0 /

I 11OO”C ( indicated]

t - frequency of measurement: ,- s u f f i c i e n t
:- l a b o r a t o r y  a m b i e n t  limits ~ -  s u f f i c i e n t l y constant

Load ,- permitted tolerance \ -  stl%
i- t ime of load application \ - as rapid as possible without
I

I
shock

Stra7n \- tolerance—-– uninterrupted ~ - srnax[tO .Ol%, tlO~m]  ‘
1- to lerance -  i n t e r r u p t e d I”- smax[tO.  02%, t20um]

Refl:\WE~R~WW2&9 ?. S.kkf\PFA
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Table 5
Minimum testing information requirements for ne * creep

rupture data genera red after 1.1.95

(0] Information Common 10 Test Sertes ~

C A T E G O R Y MINIMUM Information\ CCIhlMENTS
REWIRED”:

T e s t - t y p e  o f  t e s t

“ -X::enEE==E1

-  un?nter  -upted,lnt  errup  t e d-

S t a n d a r d s -  t e s t i n g  standard/cocle(sj
obeyed ,  (lncludlng with recommended amendments , as \
c a l i b r a t i o n  standard;cooe;s  1 a minlmjm for u n i n t e r r u p t e d
for l o a d , temperature:& t e s t i n g  ( s e e  T a b l e  5 a )

2
s t r a i n , i f  n o t  m a n d a t o r y  :? - equivabnt  mlnlmum  r e q u i r e m e n t s, .,!
testing standard{code’-’) f o r  lnt:rrupted  t e s t i n g

(Table 53)
Testpiece ! -  reference length’- ’ m e t h o d  of determinat ion.  r e f e r

t o  stantiard!code
- n o t c h  g e o m e t r y if a p p r o p r i a t e[r; I

~ -  s p e c i a l  f e a t u r e s  “ - .  i f  a p p r o p r i a t e
Ltach,lne ~ -  environment’;’
T e s t  R e s u l t s  j - a s s u r a n c e  o f  i n t e g r i t y

‘ ::::::~
conflrrcatlon t h a t  r e s u l t s  a r e

integr;ty ( i f  n o t  r e q u i r e d  b y 1

{b] Information Unique to Individual Tes;  a ~

CATEGORY M I N I M U M  I N F O R M A T I O N C O M M E N T S
REQUIREDio’

Testplece -  l o c a t i o n .  & o r i e n t a t i o n ’- -

- diameterlc; ,-.
-  r e f e r e n c e  length(k)
- ’  d e t a i l s  i f  n o t  uniaxial

s m o o t h  round bar i f  a p p r o p r i a t e
- n o t c h  g e o m e t r y lf a p p r o p r i a t e

Machine -  environment([’ 7f n o t  alr
T e m p e r a t u r e  -  s p e c i f i e d  value

- h e a t i n g  s o a k i n g / t i m elC:  , - if out:;ide m i n i m u m  r e q u i r e m e n t s  I
(Table:;  5a,5b) ‘

-  l a b o r a t o r y  a m b i e n t  l-lm~:s  : - if Out;ide m in imum r e q u i r e m e n t s
( T a b l e ;  5a,5b)

S t r e s s -  appli,ed s t r e s s  (6.)
T e s t  R e s u l t s -  t e s t  d u r a t i o n  ( t )

-  c o n t i n u i n g ,  b r o k e n ,  unbroken -  d a t e
i n i t i a l  p l a s t i c  s t r a i n  c1 - -  f r o m  h o t  t e n s i l e  o r  c r e e p  t e s t ?
t o t a l  p l a s t i c  s t r a i n  Ep(t) -  Ep(t) = &~ + Ef(t)

o r  c r e e p  s t r a i n  Ef(t)
[c:

rupture d u c t i l i t i e s -  A r  &Zr, or cannot be measured

,  -  t e s t  I n t e g r i t y -  r e f e r e n c e  t o  detai{ty of rion
s t a n d a r d  i n c i d e n t s  ‘  B



Table 6
Target requirements for a state-of-the-art CRD.A procedure

I

I
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The target requirements for a modern slale-cf-tiw-art  creep rupture ‘data assessment
procedure are

- well defined acceptability’ criteria for Inpu! data arm guidelines for the treatment of unfalled
tests,

- the means of generating a predictive equat[oc  wifn time as the experimentally dependent
variable.

- a sound statistical base,
- an assessment including cast by cast analysls wnich  IS capable of incorporating metallurgical

effects (eg, composition, oxidation),
validity checks for extrapolation (eg, credibility d extrapolations with respect to data sets for
individual casts),

. guidelines’ to minimise subjectivity assoctatec  wi?ti ‘metallurgical judgment’,
an indication of the reliability of creep rupture strength predictions for durations up to
350,000h, with associated confidence limits, anc  -

- manpower efficiency, ie. maximizing on the use of computer power in a user friendly way.

Statistical methods should be investigated to:

establish a procedure for the treatment of unfaiiec tests.
‘set guidelines for choosing the optimum disviwtion  of the data set (ie. normal. log normal
log Ioglstic etc.),
establish tests of significance to minimise subjectivity where metallurgical judgement IS
required.

. produce an overall quotable value for errors, anc
- produce a statistical confidence level for the Dreferred  equation (ie. replacing the curren

empirical f20°/0 stress lines)

‘or the assessment of creep curves, there is the added requirement of a capability to fit curw
‘amilies.

ERA A,)m JQ’J  -
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Ce c! ~~(seeFlg  2.3 ( I ) )
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Tine
Zero (to)

/

E

ELONGATli3N

DESCRIPTORS

E

00

&e

c,

co

Cp

Cf

T i me Z e r o

- Elastic modulus

- Applied stress*

- Elastic ;train

Inilial @astic  strain

Initial total strain (to time zero)

- Total plastic strain

- Creep strain during test

- Start of creep test (phase (iii))

Initial Total Strain (to) =  ~e +  t, ,

T o t a l  S t r a i n  (cl) = to + cf

Total P l a s t i c  Strain (Lp) = c, + cf

*Stress applied to Initial  cross seaion measured at room  temperature
(see DIS.204  Clause 3.8)

Figol; Loading curve for creeplstress  relaxation
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3 Exploitation Plans

3.1 Objectives of Partners

The principal objective of the alloy producers are m m.crease  the cost-t  ffectivencss  of their materials

development activities thereby giving them a competizi~-e  edge in \vorld m: u-kets.

The principal objective of the plant manufacturers is tq increase the c(lst-effecti~reness  of [heir creep

data development activities in order to (i) develop mire efficient desig IS and (ii) undenvrite designs

more efficiently than competitors (ie impro~ed  ckrnonstration of fitness-for-purpose) through

availability of validated long-term data.

Both of these factors will lead to improved competi[i~eness  in \vorld  mari :ets.
I .

I

I

I

i The principal objectives of the plant operators are m obtain more c }st-effective

improve the reliability, availability and performance .m~ lift assessmimt  t )f their plant

3.2 Strategy

The exploitation strategy comprises three elements as fJIJo\w

validated data to

First, exploitation of the results of the project by Aioy producers, 1 IIant manufacturers and plant

operators for their own internal purposes to meet tht objectives listed  above. Individual companies

began this process as soon as validated data and ~~ assessment m :thodologies became available

during the project and have continued it since then.
,.

Second, exploitation of the results through individua!  cmmpany  member representations on. and contact
with European and International Standards Commifi=.> A major reason for undertaking the project

was to develop a coherent bock of data and accura~e means of assessin:;  these data to generate reliable.
{ rupture strength values for use in Standards, .Accume Standards’ containing reliable strength values

are essential if European alloy pr6ducers and plant rnaauiacturers are to sell their products in ~vorld

markets against strong competition from the US.+ anti Japan, For the: ;e reasons, extensive links have

now been established bet~veen ECCC and Standards Cm-mirtees. -,

Significant exploitation has occurred through the suppl}-  of strength value to ECISS via these link as

follow’s:

* The assessed strength values for steel G;ade 91 ~~’ere  provided to ECISS TC29 for

Standard EN 10216-2 and were accepted. b} ECISS, as values to be included in the
Standard. The values \vere also pro~ickd  to ECISS TC28 for the forging Standards.

Strength values for steel grade X20 Cr\lo\~  121 based or I mean values of strength values

in BS 6525 and DIN 17175 ivere pro~ided  to ECISS TC2!I  and EC[SS TC28. In addition.

comments on strength values for the st~l grad’e 9Cr- 1 M( I in the annealed condition \verc

provided to ECISS TC29. With the exception of steel g~ Lde 9Cr- 1 Mo N-T. WG3. 2 has

,.
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I
therefore provided all requested data for & relevant alloys  in d~c new EN standards

WG3.2 suggested that ECISS TC29 considerti  incIuding steel grades P92 and P 122 in the

new EN 10215 tube standard and this su~etion  i~ill  be considered for the next revision of

the standard.

I ● Strength values on stainless steel materiaIs  supplied to ECISS committees TC22/23  and

I TC28  on the following prelimina~  European Standards (prEN’s):
)

I
I

prEN 10028-7 Flat products of stairdess  steels
I prEN 10222-5 Forgings of stainless steels I

I prEN 10269 F a s t e n e r  MateriaIs

“ The following data on bolting steels ha~,e b-n analysed by WG3,4 and communicated to

I relevant European Standards committees:

General Name ~ Composition S t e e l  N a m e / N u m b e r I
I Priority 1 I

Durehete 1055 ~ 10/OCrMoITiB 2 0  CrMoVTiB4,  1 0
1

‘X19’ I 1  i 0ACrhlo~33bN X19 CrMoNiNbVi 1.1 (.14913)
I

,- 1 1°,6CrMoI’ I 21 CrMoV5.7 (1,7709)

Nimonic 80 ~ ~T1+crzOO/Q~T1 NiCr20TiAl (2 .4952)

Priority 2 [
I I

Durehete  900 \ 1 %CrMo 4 2  CrMo5.6

Durehete  950/A 193.B 16 I l%CrMol- I 40 CrMoB~.7  (1.7711)

‘x22’ ~ 1 ~O/oCrMo\; I X21 CrMoNiV12.1  (1.4923) 1
A286 ‘ ~25Ni15Cr2TihloVB X5 NiCrTiVB25,15.2  (1.4980)

Warm Worked Esshete 1250 f 15Cr1 OKi6MnMoNbV

Thirdly, exploitation of the results in terms of identifying gaps in the present scope of data and

knowIedge  bank and perfopning  fimther  studies to filI  these gaps. In this respect t~vo ne\~ SMT

projects and a Thematic Nenvork  on ‘Creep Data De\elopment  for Weldments’  have been spa\\med.  A

fiulher Thematic Network proposal to specifi~lly  fill  _gps  in the scope of the existing database for

parent materials is also planned.

4 References

Detailed guidelines concerning the generation, coiiation  md  assessment of stress rupture. creep strength

and stress relaxation data have been produced in a suite  of five volumes (as described in Section 2.4)

and distributed to approximately 200 organisations Europe-\vide.  Negot iat ions are not~” being held lvith

publishers to produce these volumes as a book.
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5 Collaboration Sought

The collaboration established w-ithin the Project is ncv< being continu!:d  and ,cxtended  through ne\\

projects and collaborations spa~~med  by the ~~ork.  spec:=~ 11! t\vo ne\v $MT projects and a Thematic

Network on Creep Data Development for \Yeldrnw~. .% further Thema [ic Netirork to specifically! fill

gaps in the scope of the existing database for parent rn~:tial  data is also planned.
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Appendix 1
List of Partners ‘

ERA Technology Ltd (ROR), UK - Co-ordinator

Nuclear Electric Ltd (1), UK

Centro Sviluppo Materiali  SPA (CSM) (ROR). Iml>

Mannesmannrtihren-Werke  AG (0, Geman>-

Technische  Hochschule Darmstadt (Institute Ftir \Verkstoffli  uncle), (ROR).  Gemlan>
.,. -

Universitat  Stuttgart (Staatliche  Meterialprfifung  Sanstalt) (NIPA), (I?OR).  German>

GEC-Alsthom,  (1), UK

British Steel (Technical Division), (I), UK

PowerGen  PLC, (1), UK

Electricity de France  (EdF), (1), France.

Electricidade  de Portugal (EdP),’Portugal.

Laborelec  (1), Belgium

Technical University of Denmark, (Univ),  Denmark

“Elkraft, (1), Denmark

Elsam: (I), Denmark

Graz University of Technology (GUOT), (Uni\-).  Austria
.’

ABB, (1), Switzerland

Swedish Institute for Metals Research (SIMR]. (ROR),  S~ve(  ien

Instituto  Scientific Breda SpA (ISB),  (ROR), ha]>

ENEL/CRAM, (I), Italy

DSM, (ROR), Italy
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Siemens, (1), Germany

National Power, (I), UK

VDEh, (ROR), Germany

Ansaldo, (1), Italy

BNS, (ROR), France.

IRD/Rolls  Royce, (I), UK

Electrabel,  (I), Belgium

GEC Alsthom  Stein Industrie, (1), France.

GEC Alsthom Man Energie, (I), Gem~an>.

CISE Spa, (I), Italy

University di Ancona, (Univ)$  Italy

Nuovo Pignore Spa, (I), Italy

TNO, (ROR), The Netherlands
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