















































































































































Technical Working Area 16
SUPERCONDUCTING MATERIALS

Dr. H. Wada
National Research Institute for Metals
Tsukuba, Ibaraki 305, Japan
Tel: +81 298 59 5024
Fax: +81 298 59 5023
e-mail: wadah@nrim.go.jp

There are currently five projects underway. Two draft standards have been produced for
IEC/TC 90, Superconductivity, and a third draft standard will soon move into the balloting
phase.

In Project No. 1, Bending Strain Effects on Critical Current in Oxide Superconductors, the
objective is to establish a standard measurement method for the critical current in
Bi-2212/-2223 oxide superconductors at 77 K with no external field. Preliminary
measurements revealed that the critical current strongly depends on how the specimen is
bent or deformed. To minimize ambiguity in the bending procedure, specially designed
curved holders will be used for bending. Three kinds of Bi-2223 silver and silver alloy
sheathed multi-filamentary tapes have been prepared for round robin testing. After
completion of the round robin, a draft standard will be proposed to the IEC.

The objective of Project No 2, Measurement Method for Critical temperature in Oxide
Superconductors, is to establish a standard measurement method. Round robin
comparison testing was carried out using resistive, dc, and ac magnetization methods.
Following analysis of the results, it was concluded that the resistive method should be
recommended as the standard method. A draft IEC standard was prepared and proposed
to IEC/TC 90 in early 2000.

In project No. 3, Measurement Methods for Trapped Field and Levitation Force in Bulk
Oxide Superconductors, the objectives are to develop standard measurement methods of
trapped flux density and levitation force. Preliminary studies were made on trapped flux
density and levitation force measurement methods. During trapped flux density
measurements, a problem with specimen breakdown occurred during the magnetization
process. The problem was solved by impregnating samples with a resin that prevented
the sample from cracking. A draft standard for the measurement of trapped flux density
has been proposed to IEC/TC 90.

In Project No. 4, Measurement Methods for the Surface Resistance in Thin Film
Superconductors, the objective is to validate an IEC draft standard, IEC 61788-7 on the
surface resistance in thin film superconductors. A round robin test program was initiated
with the goal of reaching an accuracy of 10 percent. In the initial round robin the data
scatter was more than 10 percent and the error was traced to inhomogeneity in apparatus
materials. Using a modified apparatus, a second round robin test program is currently
underway. The draft standard IEC 61788-7 is now at the CD stage and will move to the
CDV stage after refinement of the draft based on the results from the second round robin.
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The objective of Project No. 5, Measurement Method for the Mechanical Properties of
Oxide Superconductors is to establish standard test methods for mechanical properties
such as yield strength and Young’s modulus at room temperature. In the first round robin,
participants will carry out the measurements using their own techniques and procedures.
Following analysis of the results, test procedures will be formalized and a second round
robin will be conducted using the specified testing parameters and conditions.

A new project has been proposed to clarify the relation between V-| characteristics and
flux pinning, to determine the relation among irreversibility (critical) fields obtained by
different measurement methods, and to establish an adequate and reliable measurement
method.

46



Technical Working Area 17
CRYOGENIC STRUCTURAL MATERIALS

Dr. T. Ogata
National Research Institute for Metals
1-2-1, Sengen
Tsukuba, Ibaraki 305, Japan
Tel: +81 298 59 2541
Fax: +81 298 59 2501
e-mail: ogata@nrim.go.jp

A draft of a new work item, Metallic Materials — Tensile Testing in Liquid Helium, was
submitted to ISO/TC 164/SC1 in response to a request from SC1. The proposed draft was
distributed to the members of the SC1 for voting.

Currently, there are three projects underway. Project No. 1, Interlaminar Shear Test on
Graphite Fiber Reinforced Plastic (GFRP), is trying to develop an understanding of
mechanical property behavior during interlaminar shear tests of GFRP at liquid helium
temperature and establish a unified and reliable testing method through the use of round
robins. Testing procedu:es with the advanced specimen geometry and specimens for the
third round robin were distributed to the participants. The results were presented at the
ICMC’99 meeting and the report will be submitted to the IEC as a Technology Trends
Assessment document.

The objective of Project No. 2, Mechanical Tests in a High Magnetic Field, is to establish
reliable methods of evaluating Young’s modulus, yield strength, tensile strength,
elongation, and fracture toughness at 4 K in a high magnetic field. Preliminary tests were
carried out and the results indicated that the magnetic field had little effect on the load cell
and/or extensometer. Titanium alloy specimens have been distributed to the participants.

Project No. 3, Advanced Fracture Toughness Test, is trying to develop an understanding
and a J-integral testing method at liquid helium temperatures for a small-size round bar
with a circumferential notch. Testing procedures and specimens for a round robin test
program were distributed to participants. Tentative results were presented at the ICMC’99
conference.
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Technical Working Area 18
STATISTICAL TECHNIQUES FOR INTERLABORATORY STUDIES

Dr. J. Polzehl
Weirstrass Institute for Applied Analysis and Stochastics
10117 Berlin, Germany
Tel: +49 30 20372 481
Fax: +49 30 2044975
e-mail: polzehl@wias-berlin.de

There are no current projects within TWA 18. The TWA had been inactive for the past
several years and the new chairman assumed the position in 1999. The current task is the
reorganization of the TWA as a body for statistical consulting and advice within VAMAS.
The role of TWA 18 is to support the work of the other TWAs by offering advice and
statistical consulting. The primary responsibility for the statistical planning and analysis
should in most case reside with the statisticians from the organization organizing or
coordinating a project. This is necessary to secure the necessary close contact to the
scientists responsible in the field of application. Members of the TWA or statisticians from
the coordinating organization should be involved in new projects from the initiation of the
project.

The TWA will serve as a body of consultancy for specific questions and problems.
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Technical Working Area 20
MEASUREMENT OF RESIDUAL STRESS

Dr. G. Webster
Imperial College of Science, Technology and Medicine
London, SW7 2BX, UK
Tel: +44 20 8943 6522
Fax: +44 20 8943 6177
e-mail: g.webster@ic.ac.uk

Currently TWA 20 is concerned with the measurement of residual stress by neutron
diffraction. Four round robin samples are being examined. These include a shrink-fit
aluminum alloy ring and plug assembly, a ceramic matrix composite, a shot-peened nickel
alloy plate, and a ferritic steel weldment. These samples were chosen to represent a
range of materials and practical applications of industrial importance. Measurements are
almost complete. Analysis of the results on the ring and plug assembly is complete and
the findings have been issued as a VAMAS report.

Interpretation of the measurements on the other samples is well in hand and should be
presented at the next progress meeting. It is anticipated that all measurements will have
been completed at that time. Considerable progress has been made in assembling the
necessary informatior. for preparing a draft standard for making measurements of residual
stress by neutron diffraction. A protocol has been agreed to for obtaining reliable results.
An outline document has been produced and a revised version will be prepared for
discussion. When approved, it is intended that it will be proposed as an ISO Technology
Trends Assessment document. Discussions have been held with ASTM and-CEN
concering the preparation of a standard. Further information can be found at the TWA
web site: http:/www.risoe.dk/vamas-twa-20/
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Technical Working Area 21
MECHANICAL MEASUREMENTS FOR HARDMETALS

Dr. B. Roebuck
NPL Materials Centre
National Physical Laboratory
Teddington, Middlesex, TW11 OLW, UK
Tel: +44 20 8943 6298
Fax: +44 20 8943 2989
e-mail: bryan.roebuck@npl.co.uk

The completed project on bend testing resulted in modifications to a documentary testing
standard, ISO 3327, Bend Strength Tests for Hardmetals. The revised standard is now
out for voting as a DIS with ISO member states, having been reviewed and approved at an
ISO Committee meeting in 1999.

A new project has been formulated on toughness testing. The objective is to evaluate
different toughness tests, including the Palmqvist indentation test. Following wide
dissemination of the proposed project, a core group including at least 10 industrial
laboratories from 8 countries has agreed to participate in the project.

The interlaboratory exercise will generate underpinning technical information on well
characterised materials that will allow good practice for toughness tests for hardmetals to
be specified: It will provide a wider understanding of the benefits of short bar/rod chevron
notched beam (CNB) tests vis a vis single edged precracked beams (SEPB) and provide
guidance on the allowable range for useful Palmqvist tests. It is anticipated that an ISO
Technology Trends Assessment document will be proposed as a first step in
recommending appropriate suitable test methods that have the wide acceptance of
industry.

Participating organisations will be sent two sets of samples for Palmquvist tests, one
already indented and one with as-ground surfaces. Participants will polish, indent and
measure toughness by their own procedures on this second set as well as measuring the
first set. In-house tests will be performed by appropriate organisations on three sets of
material:

. Their own grades
= Two additional grades tested by everyone; to be selected
= One further grade, randomly selected.

A future project on the Comparison and Evaluation of Vickers and Rockwell Hardness
Tests has been suggested as a result of confusion amongst hardmetal customers in
Europe and North America where specifications may require different methods for
hardness measurements.
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Technical Working Area 22

MECHANICAL PROPERTY MEASUREMENTS OF
THIN FILMS AND COATINGS

Dr. S. Saunders
NPL Materials Centre
National Physical Laboratory
Teddington, Middlesex, TW11 OLW, UK
Tel: +44 20 8943 6522
Fax: +44 20 8943 6177
e-mail: stuart.saunders @npl.co.uk

There are currently two active projects. Project No. 1, Measurement of Hardness and
Young’s Modulus of Thin Coatings Using Depth Sensing Indentation Instruments, has
approximately 35 active participants. The objective is the development of methodologies
for the determination of the mechanical properties of a coating in situ, and validation of
the method by carrying out an international round-robin.

Progress in the analysis of the indentation loading-unloading curves has been made using
the NPL spline fitting methodology. This provides a consistent method to determine the
unloading slope required for calculation of sample stiffness (Young’s modulus). The
method has also been successfully applied to the analysis of data produced by an AFM for
the determination of the indenter area function. Analysis of data provided by the
participants using this methodology is now in progress. Although not all participants
provided sufficient calibration data, it has been possible to agree on an approach for the
data analysis. A final report is expected to be completed later this year. Information
obtained in the project has already been incorporated into standards for depth sensing
indentation being written by two ISO committees and two CEN committees.

The objective of Project No. 2, Adhesion of thin coatings, is to evaluate and compare test
methods for adhesion of thin coatings (<10 um), including bend testing and indentation,
with the goal of developing a simple, quantitative engineering test. The work plan called
for producing two TiN coating types that were well bonded and less well bonded to a
stainless steel substrate. A mini-round robin was carried out using four-point bending to
verify that the proposed testing method was applicable to the coated samples. The test
relied on the generation of cracks whose spacing reaches a minimum when spallation
occurs. The crack spacing can be related to the interfacial shear strength. As a result of
the relatively strong adhesions of all of the TiN coatings, including those with ‘poor’
adhesion, the project is being redesigned.

A survey of possible new projects will be carried out to explore interest in residual stress

measurement and other non-destructive test methods for thin film mechanical properties
that might be initiated following the completion of Project No. 1.
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Technical Working Area 23

THERMAL PROPERTIES OF THIN CERAMIC
FILMS AND COATINGS

Dr. A. Feldman
National Institute of Standards and Technology
Gaithersburg, MD, USA, 20899
Tel: +1 301 975 5740
Fax: +1 301 975 5334
e-mail: albert.feldman @ nist.gov

A multi-laboratory round robin to measure the thermal conductivity of thin ceramic films
was carried out based on recommendatlons from the Workshop of Thin Film Thermal
Conductivity held at the 13" Symposium on Thermophysical Properties in 1997. Thin film
thermal conductivity is one of the parameters needed to predict the performance of
electronic devices because of the use of insulating layers that can impede the flow of heat
generated in active circuit elements to heat sinks. Round robin tests were used to
evaluate measurement methods for determining thermal conductivity of thin silicon dioxide
films on silicon wafer substrates. Silicon dioxide films were selected because silica is an
important insulation material in devices.

Films of silicon dioxide on silicon were prepared with nominal film thicknesses of 50 nm,
100 nm, 200 nm, and 500 nm. Each participating laboratory chose its own measurement
method. The methods included the three omega (3-w) method, thermal reflectance,
photo-thermal beam deflection, photoacoustic method, thermal comparator, and the three-
bridge method. Results from eleven laboratories were received. The analysis of the
results is complete and a final report prepared.

Although eight different measurement methods were used, only the three omega method
was used by multiple laboratories and thus a complete interlaboratory comparison was
carried out only for the 3-w method. Assuming that the thermal conductivity and interface
thermal resistance are specimen independent and the interface thermal resistance is flnlte1
the thermal conductivity for these silicon dioxide films was found to be 1.38+0.05 W-m 'K
at 20 °C, very, close to the handbook value of 1.37 for a interface thermal resistance of
(23:9)x10°m?K-W™". Based on the 3- results it was concluded that: (a) interlaboratory
reproducibility is good, (b) uncertainty increases with decreasing film thickness; (c) the
interface thermal resistance cannot be ignored for thin films; (d) the special techniques
required for specimen preparation make the procedure difficult to implement as a standard
laboratory procedure; and (e) the conclusions should be validated for other specimen
combinations.

No new projects are planned. A possible project to measure the thermal conductivity of

thermal barrier coatings was suggested but there appears to be insufficient industrial
interest at this time to develop the project further.
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