












































sample (composed of the same material as used for some of the supplied micrographs) 
from which a further micrograph was to be prepared using the lab's own methods. The 
preparation involved as a minimum grinding and etching, and was designed to evaluate 
the participants' abilities to prepare micrographs of suitable quality. If this was 
successful , a comparison would be made between the micrograph produced by the 
labs and the supplied micrographs. The results of both manual and automatic image 
analysis on the supplied test sample showed a wider scatter compared with the results 
on the supplied micrograph. This was thought to be largely due to inhomogeneity of the 
sample. 
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Technical Working Area 13 

LOW CYCLE FATIGUE 

Dr FA Kandil 
Centre for Materials Measurement and Technology 

National Physical Laboratory 
Teddington , Middlesex, United Kingdom , TW11 0LW 

Tel : +44 181 943 6560 
Fax: +44 181 943 2989 

Objectives 
• To develop a framework for quantifying measurement 

uncertainties in low cycle lifetime data. 

• To validate the new Code of Practice for the measurement of 
bending caused by load misalignment in uniaxial fatigue testing. 

• To provide recommendations for a best practice for routine 
testing of metallic materials. 

• To provide pre-cursor information for the development of an 
LCF reference material. 

The VAMAS/EC project on "Quantifying Data Uncertainties and the Validation of a Code 
of Practice for the Measurement of Bending in Uniaxial Fatigue Testpieces" finished in 
September 1998. The main objectives of this project included the development of a 
good practice testing procedure that would reduce variability of inter-laboratory lifetime 
data to within a factor of five (in the previous VAMAS/EC project, factors of up to 60 
were observed) and to validate a new Code of Practice on machine alignment 
measurement. 

More than forty inter-laboratory LCF tests at ambient temperature were carried out by 
five laboratories on specimens that were machined in one laboratory and made of the 
same batch of Nimonic 101 superalloy material. Special care was taken to align all the 
test facilities involved so that the maximum bending strain due to misalignment of the 
test system was below 50 micro strain or 5% of the applied axial strain. Two participants 
had slightly higher bending than allowed but were within 10%. The fatigue test results 
showed remarkable agreement between laboratories so that the scatter in lifetime 
(NtmaxfNtmin) was less than a factor of two. 
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A further 30 tests were carried out at 850°C. Only three laboratories were involved in 
this part of the work and the resultant variability in lifetimes was within a factor of six. 
Although the numbers of participants in the recent series of round robins are fewer than 
in the previous project, the recent results indicate an order of magnitude improvement 
on the earlier results. In addition, eighteen tests at 850°C were carried out by one 
laboratory on one machine with predetermined levels of bending ranging from 2 to 
40%in order to establish the effects of bending on the material's endurance behaviour. 
These tests have indicated that as bending increases, lifetime significantly decreases. 

More than fifty sets of inter-laboratory machine alignment and specimen bending 
measurement tests were performed using strain-gauged specimens made of either 
Nimonic 101 or aluminium alloy 6063. These tests were conducted as part of the 
validation exercise of the "Code of Practice for the Measurement of Bending in Uniaxial 
Low Cycle Fatigue Testing". Each specimen was equipped with either two or three sets 
of gauges, four gauges per set. Some bending measurements were performed under 
plastic conditions. In order to investigate the effect of specimen size on machine 
alignment measurement, a further number of tests were carried out on a range of 
specimens, all having the same parallel length but with different diameters. It was 
surprising that in one round robin measurement exercise that involved eight 
organisations using aluminium specimens, none was able to meet the bending limits 
recommended in the new Code of Practice and other national and international 
standards. Subsequent investigation showed that the reason was in fact due to high 
levels of "inherent bending" in the test specimen themselves rather than due to 
misalignments in the test systems. A report on this was produced and as a result the 
new Code of Practice is being revised. 

A major problem was to analyse, systematically and reliably, the results of the bending 
measurement tests. To this end, two prototype software programs called ALIGNCAL 
and BENDCAL were developed and validated. ALIGNCAL separates the bending 
contribution due to the machine misalignment from that due to errors inherent in the 
specimen itself and gives a classification of the machine alignment. The programs run 
on Microsoft Excel Version 5.0 or higher, in Windows 3.1 or 95 environment. The final 
programs will be made available to the TWA members. 

A number of recommendations from this work have been disseminated to the 
ISO!TC164/SC5 meetings held at DLR lnstitut fur Werkstoff-Forschung, Cologne, on 
17-19 September 1997 and at Cape Cod, Massachusetts on 3-4 September 1998. 
Three draft international standards on low cycle fatigue are now known to have adopted 
the new Code of Practice for specimen bending measurement. These are ISO 
TC164/N81, PrEN 3874 and PrEN 3988. 

A presentation on 'The Latest VAMAS Developments in Alignment Measurement' 
was given to the ASTM E28.04.03 Workshop on Alignment that was held in 
Norfolk, Virginia on 4 November 1998. The ASTM is currently revising its 
ASTM E1012 Standard. It is intended to continue and strengthen the current 
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dialogue and exchange of information and experiences between TWA 13 to the ASTM 
Group under the chairmanship of Dr James Hartman. 

23 



Technical Working Area 16 

SUPERCONDUCTING MATERIALS 

Dr H Wada 
Centre for Advanced Physical Fields 

National Research Institute for Metals 
1-2-1 Senegen, Tsukuba-shi, lbaraki 305, Japan 

Tel: +81 298 59 5024 
Fax: +81 298 59 5023 

Objective 
• To establish reliable measurement techniques for high 

temperature superconducting materials through the use of 
round robins on critical current, critical temperature, and 
critical field measurement methods. 

This article briefly describes the activities that have taken place within VAMAS on 
superconducting materials since the formation in 1986 of TWA6, which included work 
on cryogenic structural materials in addition to superconducting materials. 
Measurement methods for practical metallic superconductors were investigated in 
TWA6 but in 1993 the TWA was split in recognition of the different techniques used for 
electrical and mechanical measurements. Work on superconducting has since been 
undertaken within TWA 16 and work on mechanical measurements for cryogenic 
structural materials has been undertaken within TWA 17. The activities of the new 
TWA 16 now extend to the characterisation and evaluation of new classes of 
superconductors, including oxide superconductors. 

Projects Implemented 

1. DC critical current measurement method for Nb3Sn 

Two series of interlaboratory comparisons of critical current measurements were 
carried out on Nb3Sn multifilamentary conductors. Twenty four organisations from 
Europe, Japan and North America took part in the first intercomparison and thirteen 
organisations participated in the second, where each participant was supplied with a 
specimen of a standard NbTi (NIST-SRM 1457) conductor as reference material. 

In 1995 a TWA report on these intercomparisons and complimentary studies was 
published as a supplement volume of Cryogenics journal [1 ]. This report included a 
glossary of superconductivity and cryogenics and a recommended de critical current 
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measurement method that were both adopted as the base for corresponding IEC 
(International Electrotechnical Commission) standards. 

2. AC loss measurement method for NbTi 

Two series of intercomparisons of ac loss measurements were carried out on NbTi 
multifilamentary conductors, involving a total of thirty-one organisations. In 1997 two 
reports on these intercomparisons were published in Cryogenics [2,3). In one of the 
reports where de magnetisation measurements were reported a guideline was 
proposed for hysteresis loss measurement using a VSM (Vibrating Sample 
Magnetometer) [2] . This guideline is now being considered as the base for a 
corresponding IEC standard. 

3. Critical field measurement method for NbTi 

A measurement intercomparison on the upper critical field in Nb Ti was implemented 
with the participation of 12 laboratories. NIST-SRM 1457 NbTi wires were used as 
sample conductors. The results were reported in IEEE Transactions in 1995 [4]. 

4. DC critical current measurement method for Ag sheathed Bi-oxide 
superconductors 

An independent critical current measurement intercomparison was carried out on short 
Ag-sheathed Bi-2212 and/or -2223 oxide superconductor tape samples in the USA (6 
participants), Europe (11 participants) , and Japan (8 participants). A report based on 
these intercomparisons is in preparation for publication in Cryogenics. In September 
1997 TWA 16 prepared a "guideline for a de critical current test method for Ag-sheathed 
Bi-2212 and -2223 oxide superconductors" which will be included in the report. The 
guideline was transferred to IEC/TC90 and is now proceeding towards an international 
standard. 

Projects Proposed 

Since 1997 activities of TWA 16 have become more extensive by involving researchers 
interested in bulk and thin-film oxide superconductors. Thus, there are now three 
sub-working areas in TWA 16; wires and tapes, bulk and thin-films. In each of these 
sub-working areas, the following projects have been proposed: 

Wires and Tapes 
Strain effect measurement methods for metallic and oxide superconductors. 
AC loss measurements on new classes of superconductors. 
Evaluation of mechanical and thermal properties of oxide superconductors. 
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Bulk 
Development of a standard measurement method for levitation forces. 

Thin-films 
Development of a standard measurement method for surface resistivity. 

Links with IEC TC90 

There is a strong synergy between the work of VAMAS and Working Groups on wire 
and tape, thin films and bulk properties in IEC TC90. Activities in bulk and thin layers 
are directly oriented toward the development of IEC standards. Thus, the work areas 
ofTWA 16 are closely"related to the standardisation needs of IEC/TC90. 

Summary 

Activities and outputs are summarized below: 

Project Publication IEC Status 

critical current in Nb3Sn VAMAS supplement Guideline FDIS/IEC/TC90 (IEC 61788-2) 

Glossary CDV/IEC/TC90 (IEV chapt. 815) 

critical field in NbTi TWA report . 

ac losses in NbTi TWA reports Guideline NP/IEC/TC90 

critical current in Bi-oxides VAMAS supplement Guideline WD/IEC/TC90 (IEC 61788-3) 

(in preparation) 

ac losses in Bi-oxides (proposed) 

strain-effect (proposed) 

levitation force (proposed) 

surface resistivity (initiated) WD/IEC/TC90 (IEC 61788-7) 

References 

1. Wada H, Goodrich LF, Walters C, Tachikawa K (eds) (1995) Cryogenics 35-VAMAS 
Supplement, Elsevier Science, UK 

2. Collings EW, Sumption MD, ltoh K, Wada H, Tachikawa K (1997) Cryogenics 35: 49-
3. Schmidt C, ltoh K, Wada H (1997) Cryogenics 35: 77-
4. Tachikawa K, Koyama S, Takahashi S, ltoh K (1995) IEEE Trans. Appl. Supercond. 
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Technical Working Area 20 

MEASUREMENT OF RESIDUAL STRESS 

Prof George A. Webster 
Dept. of Mechanical Engineering 

Imperial College of Science, Technology and Medicine 
Exhibition Road, London, United Kingdom, SW7 2BX 

Tel: +44 171 594 7080 
Fax: +44 171 823 8845 

Objectives 
• Establish accurate and reliable procedures for making 

non-destructive residual stress measurements by neutron 
diffraction. 

• Examine samples in which residual stresses have been 
introduced by different techniques. 

• Conduct inter-laboratory comparisons to establish 
reproducibility. 

• Assemble the necessary information for preparing a draft 
standard for making the measurements. 

The first project in this TWA is concerned with the measurement of residual stress using 
neutron diffraction. This method is currently the only technique available for non­
destructive measurement of residual stress deep inside components, due to the high 
penetration depths of neutron beams. There is wide interest throughout the world in 
exploiting this technique to examine relatively large components where the 
consequences of unexpected service failures could be catastrophic. The work being 
undertaken by VAMAS is concerned with the establishment of calibration methods and 
procedures and forms part of a large international effort to establish this technique as 
a standard method available for use by industry. 

The inaugural meeting was held at the ILL, Grenoble, France in January 1996. At this 
meeting 5 Task Groups were set up to address: 

• experimental protocol 
• sample characterisation 
• reliability 
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• comparison and verification 
• conversion of strain to stress 

It was agreed that the following four types of sample would be examined for a Round 
Robin inter-comparison: an aluminium alloy shrink-fit ring and plug; a shot-peened 
surface; a ceramic composite, and a ferritic steel weldment. 

Further meetings have been held at AECL, Chalk River, Canada in October 1996, 
Studsvik, Nykoping, Sweden in June 1997, NIST, Gaithersburg, USA, in May 1998, 
ORNL, Oak Ridge, USA in November 1998. It is anticipated that the last meeting will 
take place at ISIS, Rutherford, UK, in July 2000 to coincide with the 6th International 
Conference on Residual Stress (ICRS-6). 

Measurements have been completed on the ring and plug sample and the results 
analysed. It is intended that the findings will be issued as a VAMAS Technical Report. 
Measurements on the ceramic matrix composite (CMG) and shot-peened plate are in 
progress and agreement has been reached on the geometry of steel weldment to be 
investigated. · 

A start has been made on preparing a framework for the draft standard. A similar 
format to that in ASTM E 1426-94 for residual stress measurement by X-rays is being 
adopted. The route into standards bodies has still to be confirmed. 

The group initially consisted of 19 participants, mainly from organisations with neutron 
sources, but has expanded to about 50 with a growing interest from industry. 
Communication within the group is through an e-mail reflector to which only members 
have access. A www site (http://www.risoe.dk/vamas-twa-20/) with a link to the VAMAS 
site, has been set up for communication with the outside world. 

A database of references is being collected together. Several papers have been 
presented in journals and conference proceedings. Meeting reports have appeared in 
Neutron News and many presentations have been made describing the potential of the 
technique. Several neutron sources throughout the world have already installed 
diffractometers dedicated to stress measurement. 
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• VAMAS Calendar• 

TWA 2 (Surface Analysis) 
8th European Conference on Applications of Surface and 
Interface Analysis, Hotel Melia-Sevilla, Seville, Spain .............................. .4-8 Oct 1999 

TWA3 (Ceramics) Meeting at European Ceramic Society 
Conference, Brighton, UK ......................................................................... 21 June 1999 

TWAS (Polymer Composites) Meeting at 12th International 
Conference on Composite Materials, Paris, France ................................. 5-9 July 1999 

TWA13 (Low Cycle Fatigue) 

TWA 15 (Metal Matrix Composites) Meeting at 12th International 
Conference on Composite Materials ...... .. ..................... .... ........................ 5-9 July 1999 

TWA 16 (Superconducting Materials) Meeting at International 
Superconductivity Symposium (ISS99), Morioka City, Japan ................ 16-19 Oct 1999 

TWA 17 (Cryogenic Structural Materials) Meeting at International 
Cryogenic Material Conference, Montreal, Quebec, Canada .... .. ......... 12-16 July 1999 

TWA 19 (High Temperature Fracture of Brittle Materials) 
Meeting to discuss objectives for a new activity on test 
methods for components containing defects at Imperial College, 
London, UK .............................. : ................... ...... ....... .................... ............ 25 June 1999 

TWA20 (Measurement of Residual Stress) Meeting at 
JRC, Petten, Holland ................................................................................. 7-9 July 1999 

TWA22 (Mechanical Properties of Thin Films and Coatings) 
Meeting at International Conference on Metallurgical Coatings 
and Thin Films (ICMCTF99), San Diego, USA .................................... 12-16 April 1999 

Anyone wishing to join a meeting should contact the relevant TWA Chairman. 
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• VAMAS Technical Working Areas• 

Technical Working Area 1 
Wear Test Methods 
Dr. Erich Santner 
BAM -Vlll.1 
Unter den Eichen 44-46 
D-12203 Berlin, Germany 
Tel: +49 30 8104 1810 
Fax: +49 30 8104 1817 
E-mail : 
erich.santer@bam.de 

Technical Working Area 2 
Surface Chemical Analysis 
Dr. Martin P. Seah 
Cntr. for Matis. Meas. & Tech . 
NPL, Teddington , Middlesex 
United Kingdom, lW11 0LW 
Tel: +44 181 943 6634 
Fax: +44 181 943 6453 
E-mail: martin.seah@.npl.co.uk 

Technical Working Area 3 
Ceramics 
Mr. George D. Quinn 
Ceramics Division 
Bldg. 223, Room A329 
Nat. Inst. of Standards & Tech. 
Gaithersburg, MD 20899, USA 
Tel: +1 301 975 5765 
Fax: + 1 301 975 5334 
E-mail: george.quinn@nist.gov 

Technical Working Area 5 
Polymer Composites 
Dr. Graham D. Sims 
Cntr. for Matis. Meas. & Tech. 
NPL, Teddington, Middlesex 
United Kingdom, lW11 0LW 
Tel : +44 181 943 6564 
Fax: +44 181 943 2989 
E-mail: graham.sims@ .npl.co.uk 

Technical Working Area 7 
Biomaterials 
Dr. Tetsuya Tateishi 
Mechanical Eng. Laboratory 
Nat. Inst. for Advanced 
Interdisciplinary Res. 
1-2 Namiki, Tsukuba-shi 
lbaraki-ken 305, Japan 
Tel : +81 298 54 2550 
Fax: +81 298 54 2565 
E-mail: tateishi@nair.go.jp 

Technical Working Area 15 
Metal Matrix Composites 
Dr Chitoshi Masuda 
Frontier Research Center for 

Structural Materials 
NRIM, 1-2-1 Sengen 
Tsukuba-shi , lbaraki-ken 305, 
Japan 
Tel : +81 298 59 2152 
Fax:+81298592101 
E-mail: masuda@nrim.go.jp 

Techn ical Working Area 1 O Technical Working Area 16 
Computerised Materials Data Superconducting Materials 
Dr. Komei Halada Dr. Hitoshi Wada 
NRIM Center for Advanced Physical 
1-2-1 Sengen, Tsukuba-shi Fields 
lbaraki-ken 305, Japan NRIM 
Tel: +81 298 59 2352 Sakura 3-13, Tsukuba-shi 
Fax: +81 298 59 2301 lbaraki 305-0003, Japan 
E-mail: hal@nrim.go.jp Tel : +81 298 59 5024 

Fax: +81 298 59 5023 
Techn ical Working Area 13 
Low Cycle Fatigue 
Dr. Fathy A. Kandi! 
Cntr. for Matis. Meas. & Tech . 
NPL, Teddington , Middlesex 
United Kingdom, TW11 0LW 
Tel: +44 181 943 6560 
Fax: +44 181 943 2989 
E-mail : fathy.kandil@npl.co.uk 

Technical Working Area 14 
Unified Classification 
System for Advanced 
Ceramics 
Mr. Samuel Schneider 
NIST 
Bldg. 223, Room B309 
Gaithersburg, MD 20899, USA 
Tel: + 1 301 975 5657 
Fax: + 1 301 .975 5012 
E-mail: samuel.schneider@nist.gov 
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E-mail: wadah@nrim.go.jp 

Technical Working Area 17 
Cryogenic Structural 
Materials 
Dr. Toshio Ogata 
NRIM, Mech Prop Div 
1-2-1 Sengen, Tsukuba-shi 
lbaraki 305, Japan 
Tel: +81 298 59 2541 
Fax: +81 298 59 2501 
E-mail: ogata@nrim.go.jp 

Technical Working Area 19 
High Temperature Fracture 
of Brittle Materials 
Dr Kamran Nikbin 
Mechanical Engineering Dept 
Imperial College of Sci. Tech. & 

Medicine, Exhibition Road 
London, United Kingdom, 
SW? 2BX 

Tel : +44171 594 7133 
Fax: +44 171 823 8845 
E-mail: k.nikbin@ic.ac.uk 



• VAMAS Technical Working Areas• 

Technical Working Area 20 
Measurement of Residual 
Stress 
Prof. George A. Webster 
Dept. of Mechanical 
Engineering 
Imperial College of Sci, Tech & 
Medicine, Exhibition Road , 
London , United Kingdom, 
SW? 2BX 
Tel: +44 171 594 7080 
Fax: +44 171 823 8845 
E-mail: g.webster@ic.ac.uk 

Technical Working Area 21 
Mechanical Measurements 
for Hardmetals 
Dr. Bryan Roebuck 
Cntr. for Matis. Meas. & Tech. 
NPL, Teddington , Middlesex 
United Kingdom , TW11 0LW 
Tel: +44 181 943 6298 
Fax: +44 181 943 2989 
E-mail: bryan.roebuck@npl.co.uk 

Techn ical Working Area 22 
Mechanical Measurement of 
Thin Films and Coatings 
Dr. Stuart R. J Saunders 
Cntr. for Matis. Meas. & Tech. 
NPL, Teddington, Middlesex 
United Kingdom , TW11 0LW 
Tel: +44 181 943 6522 
Fax: +44 181 943 6177 
E-mail: stuart.saunders@npl.co.uk 

Technical Working Area 23 
Thermal Properties of Thin 
Ceramic Films 
Dr. Albert Feldman 
A329 Materials Building 
Nat. Inst. of Standards & Tech. 
Gaithersburg, MD 20899 
Tel: +1 301 975 5740 
Fax: + 1 301 975 5334 
E-mail : albert.feldman@nist.gov 
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• VAMAS Steering Committee• 

UNITED KINGDOM 
CHAIRMAN 
Dr. Kamal Hossain 
Corporate Director 
National Physical Laboratory 
Teddington 
Middlesex TW11 0LW 
Tel: +44 181 943 6024 
Fax: +44 181 943 2989/6407 
E-mail : kamal.hossain @npl.co.uk 

SECRETARY 
Mr. John Sillwood 
(Address as above) 
Tel: +44 181 943 7183 
Fax: +44 1 81 943 2989 
E-mail: john.sillwood@npl.co.uk 

Mr Mike Graham 
Electrical International Manager 
BSI Standards 
389 Chiswick High Road 
London W 4 4AL 
Tel: +44 181 996 7459 
Fax: +44 1 81 996 7 460 
E-mail: mike_graham@bsi.org.uk 

CANADA 
Dr. Blaise Champagne 
Acting Director General 
Industrial Materials Institute 
National Research Council 
75, boulevard de Mortagne 
Boucherville, Quebec J4B 6Y 4 
Tel : +1 514 641 5050 
Fax: +1 514 641 5101 
E-mail : blaise.champagne @nrc.ca 

EU 
Prof. Kari Torronen 
Director 
Inst. of Advanced Materials 
J RC of the European Comm 
PO Box 2 
NL-1755 ZG Petten 
The Netherlands 
Tel: +31 224 565401 
Fax: +31 224 563393 
E-mail: torronen@jrc .nl 

Dr. Johan Bressers 
(Address as above) 
Tel: +31 224 565211 
Fax: +31 224 562036 
E-mail : bressers@jrc.nl 

FRANCE 
Prof. Claude Bathias 
Conservatoire Nationale des 

Arts et Metiers 
Department of Genie 
Mecanique 
2 Rue Conte 
Paris 75003 
Tel : +33 1 4027 2322 
Fax: +33 1 4027 2322/2341 
E-mail: bathias@cnam.fr 

Prof. Ala in Vautrin 
Departement Mecanique et 

Materiaux 
Centre SMS 
Ecole des Mines de Saint­
Etienne 
158, cours Fauriel 
F-42023 Saint-Etienne Cedex 2 
Tel: +33 04 77 42 01 90 
Fax: +33 04 77 42 00 00 
E-mail : vautrin@emse.fr 
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Dr Daniel R Vinard 
Directeur, 
Affaires Europeenes R&D 
St Gobain Recherche 
38 quai Lucien Lefranc 
BP 135 F-93303 Aubervilliers 
Cedex 
Tel : +33 1 48 39 58 04 
Fax: +33 1 4834 74 16 
E-mail : 
daniel.vinard @sgr.saint-gobain.com 

GERMANY 
Prof. Dr. Horst Czichos 
Prasident 
Bundesanstal t fur 

Materialforschung und -
prufung 
Unter den Eichen 87 
12205 Berlin 
Tel : +49 30 81 04 1 0 00 
Fax: +49 30 81 04 10 07 
E-mail: Horst.Czichos@bam.de 

Dr. Schottler 
Ministerialrat im 
Bundesministerium fu r 
Wirtsschaft D-53107 Bonn 
Tel : +49 228 6 15 35 10 
Fax: +49 228 6 15 28 10 
E-mail : 
steiger@bonn1.bmwi.bund400.de 

ITALY 
Eng. Anna Moreno 
ENEA 
Inn-Numa SP 59 
Via Anguillarese 301 
00060 S Maria Di Galeria 
Roma 
Tel : +39 6 3048 6474 
Fax: +39 6 3048 4729 
E-mail: morenoa@.casaccia.enea.it 



• VAMAS Steering Committee• 

Prof. Ing. Paolo Giusti 
Universita di Pisa 
Via Diotisalvi 2 
56100 Pisa 
Tel : +3950511111 
Fax: +39 50 511 266 

Prof. Sergio Lo Russo 
Universita di Padova 
Dipartimento di Fisica 
Via Marzolo 8 
35131 Padova 
Tel: +39 49 827 7000/7013 
Fax: +39 49 827 7003/71 02 
E-mail: lorusso@padova. infn. it 

JAPAN 
Dr. Toshiaki Mori 
Director, 
Ceramic Science Department 
Nat. Ind. Res. Inst. of Nagoya 
1-1 Hirate-cho, kita-ku 
Nagoya-shi 
Aichi 462-8510 
Tel: +81 52 911 2148 
Fax: +81 52 916 6992 
E-mail: tmori@nirin.go.jp 

Mr. Keiji Terazawa 
Director, Materials Res. & Dev. 
Research and Development 
Bureau 
Science and Technology 
Agency 
2-2-1 Kasumigaseki 
Chiyoda-ku , Tokyo-100 
Tel: +81 3 3581 5271 
Fax: +81 3 3581 0779 
E-mail: kteraza@sta.go.jp 

Dr. Tetsuya Saito 
Deputy Director General 
NRIM 
1-2-1 Sengen 
Tsukuba-shi, lbaraki 305 
Tel: +81 298 59 2003 
Fax: +81 298 59 2008 
e-mail: saito@nrim.go.jp 

USA 
Dr. St~phen Freiman 
Chief, Ceramics Division 
Bldg 223, Room A256 
Nat. Inst. of Standards & Tech. 
Gaithersburg, MD 20899 
Tel: +1 301 975 6119 
Fax: + 1 301 990 5334 
E-mail : stephen.freiman@nist.gov 
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Dr. James G. Early 
MSEL 
Building 223, Room A256 
Nat. Inst. of Standards & Tech. 
Gaithersburg, MD 20899 
Tel: +1 301 975 6113 
Fax:+ 1 301 975 5334 
E-mail: james.early@nist.gov 




