
































































































Technical Working Area 22 

MECHANICAL PROPERTY MEASUREMENTS OF 
THIN FILMS AND COATINGS 

Dr. D. Smith 
Ceramics Division 

National Institute of Standards and Tech!'lology 
Gaithersburg, Maryland, USA 20899 

Tel: + 1 301 975 5768 
Fax: + 1 301 990 8729 

e-mail: Douglas.smith@nist.gov 

Progress on analysis of data produced in the depth sensing indentation project 
{Project 1) has been slower than expected due to incomplete reporting by some 
partners. Some additional experimental work has now been carried out to provide 
more detailed information on some instruments with regard to the type of analysis 
software used. Analysis of the new data has now been completed and a draft report 
will be produced in April 2001. · 

The project on adhesion {Project 2) is continuing to be developed. Further 
experimental work has been carried out in a round robin conducted in Japan with TiN. 
Essentially, these results confirmed those previously obtained. The problem again 

was that the two coatings with "good" and "bad" adhesion behaved similarly. 
Further work is now being planned with different coating systems. 

The objective of Project 1, Measurement of Hardness and Young's Modulus of Thin 
Coatings Using Depth Sensing Indentation Instruments, is the development of 
methodologies for the determination of the properties of a coating in situ, and 
validation of the method by carrying out an international round-robin. Most of the 
data have now been collated in a form that allows comparison of the effects of the 
varying degrees of corrections implemented by some partners. When complete, this 
will give information about the sensitivity of the data to the different corrections, 
which involve thermal effects, instrument stiffness and indenter area functions. 
Additional analysis is in progress to examine the effect of using different algorithms 
to calculate hardness and modulus. There is some concern that, despite very careful 
work on the part of two partners using the same instrument, agreement is poorer 
than expected on one type of coating, so that the stability of the sample comes into 
question. 

This work has raised a number of issues that cannot at present be resolved. A 
further round robin has been proposed by some participants. This would allow the 
experience gained in VAMAS and elsewhere to be used in defining a much more 
closely controlled intercomparison where agreement between laboratories can be 
better assessed. Information obtained in this project has been fed into standards now 
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being written for depth sensing indentation in ISO and CEN. 

The objective of Project 2, Adhesion of Thin Coatings, is to evaluate and compare 
several test methods for adhesion of thin coatings ( < 10 µm), including bend testing 
and indentation, through round robin testing, with the long-term goal of developing a 
simple, quantitative engineering test for coating adhesion. 

A survey was sent out on April 4, 2000, to approximately 200 people in order to 
gauge interest in the project and to help the organizer determine which coating 
systems and which adhesion tests are of greatest interest to the thin film community. 
To date, forty positive responses have been received, with suggestions for coating 

systems and tests to be studied. Preliminary results to the survey questions were 
discussed at the VAMAS 22 evening meeting on April 10 at ICMCTF00 conference in 
San Diego. Because of the very wide range of both coating-substrate systems and 
adhesion tests, the most likely course of action will be to perform several separate 
round-robins with several different coating systems. 

An initial round-robin revealed that the first set of TiN coated samples were not 
suitable for the work, since it was not possible to differentiate supposed varying 
degrees of adhesion, by scratch, indentation or tensile testing. Further experimental 
work has been carried out with another set of TiN samples and the same result 
established. It is therefore concluded that either the tests cannot distinguish between 
different degrees of adhesion, which is considered to be unlikely, or that TiN coatings 
are not suitable for this work. 

A second round robin, overseen by Takahito Ohmura in Japan, also looked at TiN 
coatings, on both steel and silicon wafers, using scratch and indentation techniques, 
plus tensile strain of the films on steel substrates. As with the initial round robin , 
scratch and indentation testing could not distinguish between "good" and "poor" 
adhesion in these systems, although results from tensile testing looked promising. 
The next step for the Japanese group will be to vary the adhesion of TiN on steel 
using heat treatment to grow thermal oxide on the steel substrate prior to TiN 
deposition. New work items on adhesion measurement have been agreed by CEN TC 
184 WG5 , and the progress to be made in this project will directly input into this 
activity . 

No new projects have been formally proposed, but it is generally agreed that a project 
on residual stress measurement should be proposed, but only when Project 1 is 
complete. Dr. Uwe Beck at BAM has agreed to lead this work. 
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Technical Working Area 24 

PERFORMANCE RELATED PROPERTIES FOR 
ELECTROCERAMICS 

Dr. M. Cain 
NPL Materials Centre 

National Physical Laboratory 
Teddington, Middlesex, TW11 0LW, UK 

Tel: + 44 20 8943 6599 
Fax: + 44 20 8943 2989 

e-mail: markys.cain@npl.co.uk 

Electroceramics such as piezoelectric and electrostrictive materials are materials 
which have the capability of converting electrical energy into mechanical energy (or 
vice versa). The technological importance of these materials is increasing, with 
widespread applications in actuators and sensors. Although there has been some 
standardisation activity through bodies such as the IEEE and more recently through 
CENELEC in the development of new standards, many of the most important 
properties that are required for these materials when used as sensors and actuators 
remain without internationally recognised test methods. Measurements where work is 
required include direct and converse piezoelectric coefficient measurement, high 
stress dielectric property measurement, the measurement of strain at high stresses, 

· and the measurement of degradation of materials performance under repeated 
electrical and mechanical loading. 

The concept of a new TWA in electroceramics pre-standardisation was taken in January 
1999 and was approved at the Steering Committee meeting in 1999. The TWA is 
working to enlist the co-operation of measurement laboratories that are interested in 
evaluating methods for determining performance-related properties of electroceramics. 

The remit of TWA 24 has been described to the IEEE standards subcommittee on 
Loss in acoustic materials (piezoelectrics) and has been accepted as a useful 
measurement good practice umbrella from which interlaboratory exercises may be 
managed. This provides a convenient path to the International Standards body, IEEE. 
Additionally, CENELEC standards subcommittee BTTF63-2, looking at developing 
standards in low and high power dielectric measurements of piezoelectrics, also have 
embraced the concept of VAMAS. 

The first project that was to be led by Dr Takahashi of Japan Fine Ceramic Association -
Piezoelectric coefficient via resonance method adapted from work of Hirose - has been 
delayed following an initial National Round Robin within Japan. The results of this work 
will be made available to the TWA Chairman, at which time a full International VAMAS 
style project may be properly formulated. 

47 



In light of the delays in the first VAMAS project a second project has been formulated. 
This project - now labeled 'Project 1' - has as title: International lntercomparison of 
Direct Piezoelectric Coefficient using the Berlincourt Method. This method is used 
frequently by industrial users and producers of piezoelectric materials for quality control 
of ceramic pieces and materials data generation for design. A recent DTI funded, UK 
industry supported, piece of research carried out at NPL has identified a large amount of 
variability from one measurement to another, and from one organisation to another. This 
variability arises from the way the measurement is carried out, and NPL have developed 
ideas that describe the origins of this variability. It is entirely appropriate to extend this 
laboratory intercomparison to an international level through an initial Round Robin study. 
The method is used extensively worldwide, and the data generated would help us 
determine the real level of scatter in the determination of the direct piezoelectric 
coefficient via this method. Once the first round robin is finished then best practice will 
be assessed and a further round robin will be executed that demonstrates the 
effectiveness of our measurement method. A draft standard may then be written based 
on this technique and the results from our two Round Robin studies. It would be relevant 
to post this to relevant standards committees including CENELEC pre-standards 
committee BTTF63-2. The time plan is set out below: 

The following projects have been proposed and are at an early planning/discussion 
phase. 

Project 2 
Project 
Project 
Project 

Project 
Project 
Project 

Project 

Project 

Project 

Project 

Measurement of piezoelectric coefficient via resonance (Japan project) 
Measurement of piezoelectric strain at high electrical/mechanical stress 
Measurement of piezoelectric and dielectric properties at high stress 
Measurement of electrical and mechanical fatigue of piezoelectric 
ceramics materials 
Properties of electrical conductive, optical transparent thin films 
Thermal effects on performance 
The dielectric, elastic and piezoelectric properties (matrix elements) need 
to be measured as complex coefficients so as take account of the 
electrical, mechanical and piezoelectric losses in the material. The 
complex coefficients should and can be measured as a function of 
frequency. 
The temperature dependence of the complex coefficients is important in 
some applications (such as high power and space applications). 
Hydrostatic property measurements to about 14 MPa are important for 
underwater applications. 
The meaning of fatigue / aging / degradation were clarified, particularly 
the distinction between reversible and irreversible mechanical or electrical 
damage 
In project 1 it would be interesting to introduce measurements of 
piezoelectric coefficient of thin and thick films on substrates. 
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Technical Working Area 25 

CREEP/FATIGUE CRACK GROWTH IN COMPONENTS 

Dr. K. Nikbin 
Imperial College 

Mechanical Engineering_ Department 

The aims of TWA 25 are to: 

London, SW7 2BX,_ UK 
Tel: + 44 20 7594 7133 
Fax: +44 20 7823 8845 
e-mail: k.nikbin@ic.ac.uk 

• Establish accurate and reliable procedures for assessing creep/fatigue crack 
growth at elevated temperatures in components, which contain defects. 

• Determine procedures for analysing the test data using fracture mechanics 
concepts. 

• Validate results against measurements on standard laboratory specimens using 
the ASTM E 1457-98 procedure and the new BS 7910 assessment procedure 

• Outline recommendations in procedures for dealing with component creep/fatigue 
crack growth testing and analysis. 

In the last year, two project meetings have been held. The first was in Japan in April 
2000 with the Japanese VAMAS group in which the plans for extending VAMAS in 
Japan was discussed. The second general meeting was held in parallel with the HIDA 
2 Conference in Stuttgart in October 2000. Over 15 institutional representatives 
attended the meeting. Nine oral presentations were made at the meeting. At the 
meeting it was noted that the Round Robin questionnaire had been collected from the 
experts in the field and that Imperial College will summarise and distribute the results. 
As part of a round robin exercise, test data was received on creep/fatigue crack 
growth for a Pipe and Plate geometry. The data was distributed among participants 
to analyze and evaluate the life of test pieces using their own methods. It was also 
suggested that in the next year specific papers will be produced by volunteers in the 
group and will be sent for special technical publication in a nominated Journal. The 
aims set out above were discussed and agreed upon. The details of the minutes, 
future meetings and additional information about participating information is contained 
on the VAMAS TWA 25 website at http://mesm.org 
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Previous/Current work 

Collect shared information on 
participants interest 

Completion date 

Nov 99 to Nov 00 

Collect detailed information on On-going 
creep and creep/fatigue 
component testing and analysis 

Planned Round Robin On-going 

Other Planned Output in the Next 3 Years 

Output 

Data-base 

Data-Base, Analysis 
and summary of experts 
comments 

Component life prediction 

• gather experts from industry and research institutes in order to identify their 
specific needs with respect to feature component testing. 

• produce a data-base of available feature component tests and interpreted data. 
• identify acceptable feature components and best practice for undertaking tests. 
• produce recommendations for analysis of component data 
• establish reliable methods for prediction of component behaviour. 
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Technical Working Area 26 

FULL FIELD OPTICAL STRESS AND STRAIN MEASUREMENT 

Dr. R. Burguete 
Airbus UK Ltd 

Filton, Bristol, BS99 7 AR, UK 
Tel: + 44 117 936 4299 
Fax: + 44 117 936 5903 

e-mail: richard.burguete@baesystems.c~m 

and 

Prof E. A. Patterson 
University of Sheffield 

Department of Mechanical Engineering 
Sheffield, S1 3JD, UK 

Tel: +441142227742 
Fax: + 44 114 222 7853 

e-mail: E.A.Pattereson@sheffield.ac.uk 

This new technical working area was initiated in October 1999. Its objective is to 
develop standard equipment, algorithms, reference materials and procedures for full 
field optical stress and strain measurement. The techniques included are: 
photoelasticity, Moire methods, laser speckle and interferometry methods, image 
correlation techniques, and thermal emission methods. The work will comprise 
collation of current best practice, the development of procedures where this does not 
exist and the production of codes of practice and guides to use. The plan stems from 
the need in industry to validate commercial and theoretical analysis, especially where 
complex structures and processes or novel methods are involved. 

The first meeting of TWA officers and participants was held in June 2000 at the SEM 
conference in Orlando, Florida, USA. Presentations were given in the following areas: 

1. Introductions 
2. Rationale for Standards on Optical 

me~hods for Stress and 
Strain Measurement 

3. Presentations: 
a. North American Perspective 
b. European Perspective 

4. VAMAS TWA 26: 
a. Participants 
b. Modus Operandi 
c. Projects 
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This opportunity was taken to determine how to group the common areas of interest 
and distribute projects accordingly. A web page with address www.twa26.org has 
been set up on the University of Sheffield server. The minutes of this meeting have 
been posted on the TWA 26 web page. 

There are important current activities underway. First, an Expression of Interest (EOI) 
proposal was approved by the EU as part of the 5th Framework Programme. A 
dedicated call has been issued for proposals in the area of optical techniques for 
strain measurement. The consortium that will submit a proposal is being assembled. 
The call closes in February 2002. The dates for submission deadlines mean that new 
projects would start around June 2002. Second, a request for registration has been 
submitted to CEN/STAR for prioritisation of Co-normative and Pre-normative research. 

Current project status 

Projects have not yet been agreed but the 'areas of interest' have been updated as a 
result of the interests declared at the first TWA 26 meeting. 

Proposed/Future projects 

Discussion is proceeding to initiate a project which is based around the 'Standard 
guide for evaluating non-contacting optical strain measurement systems'. This guide 
is a draft standard submitted to the ASTM subcommittee 08.03 "Advanced apparatus 
and test methods" by Prof. Mike Sutton. A copy of this can be found on the TWA26 
website under sutton.doc. 

52 



Technical Working Area 27 

CHARACTERIZATION METHODS FOR CERAMIC POWDERS 
AND GREEN BODIES 

Dr. R. Wasche 
Federal Institute for Materials, Research and Testing (BAM) 

12205, Berlin, Germany 
Tel: + 49 30 8104 1 54 1 
Fax: +493081041547 

e-mail: rolf. waesche@bam.de 

This Technical Working Area was approved in May 2000 and the kick-off meeting 
held November 9, 2000 at Sandia Labs, in Albuquerque, New Mexico. The objective 
of this TWA is to develop and standardize methods for the characterization of ceramic 
powders and green bodies because they are important for ceramic manufacturing 
processes. In this regard, the proposed work encompasses three different areas: 

methods for powder properties 
methods for suspension characterisation 
methods for green body characterisation 

Activities in these areas are important for enhancement of future successful industrial 
development by improving international trade in ceramic products. The path to be 
followed includes the standardization of test methods to characterize the different 
physical properties. 

The first project initiated, "Determination of coarse particles in advanced ceramic 
powders," was designed to refine the testing procedure through a preliminary round 
robin before starting the round robin on a wider international scale. The preliminary 
testing phase was carried out by six participants: University of Nagaoka, Japan; 
JFCC, Nagoya, Japan; BAM, Germany; Asahi Glass Company, Yokohama, Japan; 
NPL, UK; & University of Chonnam, Korea. 

The results of this preliminary test have shown that the testing procedure has to be 
corrected with regard to a general applicability of the method to commercial powders 
and suspensions. However the results were promising and will contribute to a more 
reliable test method with a general applicability to suspensions rather than to 
powders. The results of the preliminary test have been discussed at a meeting of the 
participants, January 8, 2001 in Tsukuba, Japan. The measurement procedure is 
currently being refined. The project is related to ISO TC 206 NP 00.01 

A potential new project, "Determination of the isoelectric point of diluted ceramic 
suspensions by the microelectrophoresis method" is in the planning stage. 

53 



Technical Working Area 28 

QUANTITATIVE MASS SPECTROMETRY OF SYNTHETIC POLYMERS 

Dr. C. Guttman . 
National Institute of Standards and Technology 

Gaithersburg, MD, USA 
Tel: + 1 301 975 6729 
Fax: + 1 301 975 3928 

e-mail: charles.guttman@nist.gov 

With recent advances in mass spectrometry it is possible to measure the molecular 
mass of some biological and synthetic polymers. Among the advances is a variation 
of time-of-flight mass spectrometry, MALDI ToF MS, in which laser ablation is used to 
produce charged polymers in the vapor state. This technique has the potential to be 
an absolute method for measuring the molecular mass distribution of synthetic 
polymers, a long sought after goal in polymer characterization. 

Industrial needs using the MALDI method varies. Ouantitation of both a homopolymer 
and a mixture of the same homopolymer but with different end groups is of 
importance at lower molecular masses. This is the range of molecular masses for 
polymers, which are used as reactive prepolymers. The National Institute of Standards 
and Technology (NIST) in collaboration with American Society of Mass Spectrometry 
conducted an international interlaboratory comparison study of a polystyrene material 
by MALDI ToF MS. The Bundesanstalt tor Materialforschung und -Prufung (BAM) 
also conducted interlaboratory comparisons by MALDI ToF MS of polystyrene and 
other polymers for the purpose of evaluating classical methods. A large number of 
industrial laboratories participated in these interlaboratory comparisons. In the NIST 
interlaboratory comparison about half of the 23 laboratories reporting results were 
industrial laboratories. 

As this is a new TWA we are focusing on soliciting laboratories to participate and 
concurrently finalizing measurements on a polymer sample used in the recent 
international round robin of characterization by mass spectrometry. 

At present, two projects are under consideration: 

a. Design a protocol for optimizing parameters for obtaining the best quantitative 
spectra from a MALDI TOF MS instrument for synthetic polymers. 

b. Establish a protocol for sample preparation, data acquisition and analysis, building 
on results from the recently completed interlaboratory comparison. 
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• VAMAS Technical Working Areas • 

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

Technical Working Area 2 
Surface Chemical Analysis 
Dr. Cedric Powell 
Mail Stop 8370 
NIST 
Gaithersburg, MD USA 20899 
Tel: + 1 301 975 2534 
Fax: +1 301 2161134 
e-mail: cedric.powell@nist .gov 

Technical Working Area 3 
Ceramics for Structural Applications 
Dr. Kristin Breder 
Saint-Gobain Abrasives 
1 New Bond St. 
Box 15008, MS 413-201 

Worcester, MA, USA 01605-0008 
Tel: +1 5087954147 
Fax: + 1 508 795 4283 
e-mail: 
Kristin.Breder@naa.sgna.com 

Technical Working Area 5 
Polymer Composites 
Dr. Graham D. Sims 
NPL Materials Centre 
National Physical Laboratory 
Teddington, Middlesex 
TW11 OLW, United Kingdom 
Tel: +44 20 8943 6564 
Fax: + 44 20 8614 0433 
e-mail: graham.sims@npl.co.uk 

Technical Working Area 7 
Biomaterials 
[vacant] 

Technical Working Area 10 
Computerized Material Data 
Dr. Kohmei Halada 
NIMS, Tsukuba Laboratories 
1-2-1 Sengen, Tsukuba-shi 
lbaraki 305004 7, Japan 
Tel: +81 298 59 2352 
Fax: +81 298 59 2301 
e-mail: 
HALADA.Kohmei@nims.go.jp 

Technical Working Area 13 
Low Cycle Fatigue 
Dr. Fathy A. Kandi! 
NPL Materials Centre 
National Physical Laboratory 
Teddington, Middlesex 
TW11 OLW, United Kingdom 
Tel: +44 20 8943 6560 
Fax: + 44 20 8943 6722 
e-mail: fathy .kandil@npl.co.uk 

Technical Working Area 15 
Metal Matrix Composites 
Dr. Chitoshi Masuda 
NIMS, Tsukuba Laboratories 
1-2-1, Sengen, Tsukuba-shi 
lbaraki-ken 305, Japan 
Tel: +81 298 59 2152 
Fax: +81 298 59 2101 
e-mail : 
MASUDA.Chitoshi@nims .go.jp 

Technical Working Area 16 
Superconducting Materials 
Dr. Hitoshi Wada 
NIMS, Tsukuba Laboratories 
Sakura 3-13, Tsukuba-shi 
lbaraki 3050003, Japan 
Tel: +81 298 59 5024 
Fax: + 81 298 59 5023 
e-mail: 
WADA.Hitoshi@nims.go .jp 

Technical Working Area 17 
Cryogenic Structural Materials 
Dr. Toshia Ogata 
NIMS, Tsukuba Laboratories 
1-2-1, Sengen, Tsukuba-shi 
lbaraki 3050047, Japan 
Tel: +81 298 59 2541 
Fax : +81 298 59 2501 
e-mail: 
OGATA Toshio@nims.go .jp 

Technical Working Area 18 
Statistical Techniques for 

lnterlaboratory Studies 
Dr. Jorg Polzehl 
WIAAS 
Mohrenstr. 39 
10117 Berlin, Germany 
Tel: +49 30 20372 481 
Fax : +49 30 2044975 
e-mail : polzehl@wias-berlin.de 
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Technical Working Area 20 
Measurement of Residual 
Stress 
Prof. George A. Webster 
Imperial College of Science, 

Technology & Medicine 
Exhibition Road, London 
SW7 2BX, United Kingdom 
Tel : +44 20 7594 7080 
Fax: +44 20 7594 7017 
e-mail : g.webster@ic.ac.uk 

Technical Working Area 21 
Mechanical Measurements for 

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

Technical Working Area 22 
Mechanical Property 

Measurements of Thin Films 
and Coatings 

Dr. Douglas Smith 
Mail Stop 8522 
NIST 
Gaithersburg, MD USA 20899 
Tel: + 1 301 975 5768 
Fax: + 1 301 990 8729 
e-mail: Douglas .smith@nist.gov 

Technical Working Area 24 
Performance Related Properties 

for Electroceramics 
Dr. Markys Cain 
NPL Materials Centre 
National Physical Laboratory 
Teddington, Middlesex 
TW11 OLW, United Kingdom 
Tel: +44 20 8943 6599 
Fax: +44 20 8943 2989 
e-mail : markys .cain@npl.co .uk 

Technical Working Area 25 
Creep/Fatigue Crack Growth in 

Components 
Dr. Kamran Nikbin 
Imperial College 
Exhibition Road, London 
SW7 2BX, United Kingdom 
Tel: +44 20 7594 7133 
Fax: +44 20 7823 8845 
e-mail: k.nikbin@ic.ac.uk 



JAPAN 
Dr. Kouichi Yagi 
Director 
Materials Information Technology 
Station 
National Institute for Materials 
Science (NIMS) 
1-2-1 Sengen, Tsukuba-shi 
lbaraki 305-0047 
Tel: +8129859 2803 
Fax: +81 298 59 2801 
e-mail: YAGI.Koichi@nims.go .jp 

Dr. Kiichi Oda 
Chief, Advisory Group for Materials 
Research Policy 
National Institute of Advanced 

Industrial Science & Technology 
1-3-1 Kasumigaseki, Chiyoda-ku 
Tokyo 100-8921 
Tel : +81 3 5501 0851 
Fax: +81 3 5501 0855 
e-mail: k-oda@aist.go.jp 

Mr. Yu Kameoka 
Director, Materials R&D 
Basic & Generic Research Division 
Ministry for Education, Culture, 

Sports, Science & Technology 
(MEXT) 

2-2-1 Kasumigaseki 
Chiyoda-ku 
Tokyo 100-8966 
Tel: +81 3 5253 4100 
Fax: +81 3 5253 4102 
e-mail: kameoka@mext .go.jp 

UNITED KINGDOM 
Dr. Kamal Hossain 
Corporate Director 
National Physical Laboratory 
Teddington 
Middlesex TW11 0LW 
Tel : +44 20 8943 6024 
Fax: + 44 20 8943 6407 
e-mail: kamal.hossain@npl.co.uk 

Dr. Colin Lea 
Head of Centre 
NPL Materials Centre 
National Physical Laboratory 
Queens Road, Teddington 
Middlesex TW11 0LW 
Tel: +44 20. 8943 6636 
Fax: +44 20 8943 2989 
e-mail : colin.lea@npl.co.uk 

Mr. Mike Graham 
Electrical International Manager 
BSI Standards 
389 Chiswick High Road 
London W44AL 
Tel: +44 20 8996 7459 
Fax: +44 20 8996 7460 
e-mail: 
mike.graham@bsi-global.com 
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