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ABSTRACT

The wide range of possible applications for the portable X-ray apparatus with an air cooled
double-anode X-ray tube are presented. The apparatus is provided with a stress measurement unit
and focusing camera for phase analysis. The distinctive characteristics of the apparatus are a
small weight (~ 4 kg), fine focus ray tube, portability and ease of use for both laboratory samples
and industrial components. In the present paper the technical characteristics of the equipment, the
- methodology and experimental results are described. The most important of these are the
following: measurements of tensile force in pre-stressed steel cables in concrete, residual stress
measurements in railway wheels, stress measurements at elevated (up to 300°C) temperatures and
stress measurements in welded joints including stresses in the weld bead and heat affected zone.

INTRODUCTION

A portable X-ray apparatus offers a wide range of possibilities for use in the non-destructive
control of stresses in structures and components. Moreover, they permit the user to carry out in-
service control of different technological processes or the stress state of industrial equipment.
Information has been published regarding existing portable X-ray equipment [1,2], but, in our
opinion, their portability does not fulfil the requirements for use under field conditions.

In the present paper an original design of a portable X-ray apparatus is presented. The
methodology to carry out the measurements and some experimental results are described.

DESIGN AND TECHNICAL CHARACTERISTICS OF THE EQUIPMENT

The X-ray apparatus described is intended for both stress measurement and for phase analysis. A
mounted position shown in fig. 1. Fig. la represents the apparatus mounted for stress
measurements and fig. 1b demonstrates the configuration for the phase analysis focusing camera.
The following units are included as components of the portable apparatus represented in fig. la
and 1b.

1. Power and control unit which supplies a high voltage source, and permits adjustment of the
anode current and voltage of the X-ray tube under operating conditions. The weight and size of
the unit are 1.5 kg and (20x12x8) cm’ respectively.

2. A high voltage source and X-ray tube. The distinctive design of this unit is that the X-ray tube
is coupled to a high voltage source. The source body is cylindrical in form, has a 5 cm diameter
and is 37 cm long. The X-ray tube, operated at 25 kV and 2 mA, has two air cooled anodes which
emit the two convergent X-ray beams necessary to fulfil the two exposure technique for X-ray
stress measurements. The convergence angle in this case is 50 degrees and may be selected by
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collimator slits from 40 to 60 degrees. For carrying out a phase analysis only one of the two
beams is used. The weight of the high voltage source with X-ray tube is 2.5 kg.

3. A magnetic support allows the apparatus to be attached to any ferromagnetic plate, or directly
to the metal object to be tested. It also enables the adjustment of the X-ray source in the exposure
position.

4. A collimator unit with film cassette for stress measurement (see fig. 1a). Two cassette
windows provide collection of diffraction lines in 20 angular intervals from 148 to 164 degrees.

5. A focusing camera for phase analysis (see fig.1b). The diameter of the ¢amera based on
Seemann-Bohlin focusing is 104 mm and the apparatus is capable of measuring 26 diffraction
lines from 35 to 155 degrees.

In the present model of the portable X-ray apparatus film measuring is used both for stress
measurement and phase analysis. Film measuring gives lighter weight equipment and simplifies
the apparatus design.

To maintain the accuracy of measurements at a high level, the film reading is carried out by
computer-controlled microdensitometer and the data processing is completely computerised. Line
position is determined by approximating the profiles with a double Cauchy function. The
coefficients of the Cauchy function describing an experimental profile are simulated and solved
by a regression method.

a o L L . LR ! ‘
Figure 1. Portable apparatus for stress measurements (a) and for the phase analysis (b).
1-power and control unit; 2-high voltage source; 3-collimator with film cassette;
4-magnetic support; 5-focusing camera.

STRESS MEASUREMENT METHODOLOGY

The principals of the double exposure technique used in stress measurements using the described
portable equipment, are based on the determination of two strain components €q, 1 and €q, 2 [31.
If the strain €, , is expressed by the formula:

1+v .2 v
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then the difference between the two strain components is
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where E and v are elastic constants of the material, y and ¢ - polar and azimuthal angles, 6, - a

measured stress component, 61 and o, - the principal stresses The stress component G, from the
expression (2) is equal to the following:

__E %oy "Cou 3
- ) .2 (3)
1+v sin*y, —sin "y
Using differentiation of Bragg's law:
dow—do :
oy = % =—ctghy (ecp,\v - 90): @
where dy,, , do and By, , O are the interplanar distances and the diffraction angles of stressed and
unstressed material respectively.

From expressions (3) and (4) the final formula for the determination of the c, stress component
may be obtained as

Go
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Thus, to determine any stress component it is necessary to measure the diffraction angles
corresponding to reflection from lattice planes with normals characterised by angles y; and .
The angular values used in the apparatus presented are y;=0° and y,=50" and “y - goniometer”
geometry is applied to carry out the stress measurements. This geometry is shown in
stereographic projection (fig. 2) that illustrates the angular position of two diffracted beams and
location of two normals o, and ny, 10 the diffracting planes. The projection also shows the

location of the diffracted rings and their portions as registered on the film. The film cassette
windows are also represented in stereographic projection.

A schematic diagram of stress measurements corresponding to this stereographic projection is
shown in figure 3. Inclination of sample surface equal to 12° corresponds to measurement of steel
sample using Cr-K,, radiation and (211) reflection with 8,;; = 78°.

casselte

Figure 2. Stereographic projection of the v - goniometer geometry used in the portable X-ray
apparatus.
As shown in figure 3, the perpendicularity of one of the incident beams to the x-axis means that
angle vy is equal to 0 degrees and the value of ; in this case is equal to the convergence angle of
two incident beams. For the X-ray apparatus, under discussion y,=50°.
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Figure 3 also shows the principle of diffraction angle measurements. The angle difference A =
By2- By1 in the equation (5) can be expressed as:

A6 =K(Lso - Lo), ©)
where Lso and Ly are the distances from the diffraction lines to a reference mark, and K is the
scale and transfer coefficient from linear units to angle units.
The value of the coefficient K is a characteristic of the cassette - collimator unit and is
determined from a calibration exposure of unstressed material. It is necessary to measure the
distances between at least two lines with known values of diffaction angfes or to use an
interdoublet distance of standard material.
Substitution of expression (6) into equation (5) leads to the following formula for stress
calculation:

6 = A(Lso - Lo), Q)
where A is the constant including all known quantities entering into equation (5), such as elastic
modulus and diffraction angle.

Figure 3. Scheme of stress measurements with portable X-ray apparatus.

METHODOLOGY OF PHASE ANALYSIS

The portable x-ray apparatus with focusing phase analysis camera is represented in figure 1b. The
focusing method in this camera is the same as that applied to the Seemann-Bohlin camera. Figure
4 shows geometry of focusing and illustrates the data processing for the film to determine the
diffraction angle values.

The position of the diffraction line in the schematic diagram (point B, for example) is
characterised by the distance L from the incident beam point. The inclination angle of incident
beam to surface plane is o (this angle is the camera constant). So:

40A131=§+a—2e, (8)

The central angle formed by the arc L is equal L/r (r is the camera radio) and it is expressed as
follows:

—Ii=n—2(£+a—29)=49—2a, ©)
T 2
From this expression:
L L
20=—+a==+a, (10)
2r d

where d is diameter of the camera. In practice, it is impossible to measure line position on the
film from the incidence point. Usually a reference is used to determine this position. If the
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position of the reference point is D (see fig. 4), and ler is the length of the arc AD, lnes is a
measured distance from reference to diffraction line then L= lcf + lnes . Formula (10) in this case
transforms into:

20 = lref +1mes +0

1 , (1)

or

1 1
20="mes 4 o gy (12
d (d aj (12)

where Imes is central angle corresponding the arc AD; introducing ® as ® = lr / d + ., the
formula (6) transforms as ‘

ze:-lmT*m, (13)

where ® is a new camera constant determined by a calibration exposure of a standard sample
with known lattice parameter.

Figure 4.Schematic Diagram of the phase analysis camera.

Therefore, data processing of film in phase analysis is the same as in stress measurements and
includes the reading of film by microdensitometer, determination of diffraction line position and
phase analysis realised by lattice spacing data represented in ASTM standard cards.

EXPERIMENTAL RESULTS

Using the portable X-ray apparatus, numerous siress measurements were made under field
conditions.

In a previous paper [4] the initial measurement of residual stresses in railway wheels were
described. Later measurements showed that it is possible to use this X-ray apparatus in the
nondestructive quality control of fabricated railway wheels. The criterion of quality is basically
the existence of residual compressive stresses in the flange of the wheels. The presence of any
residual tensile stresses characterises the component as out of specification in the fabrication of
railway wheels.
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Another example of an application of the portable apparatus regards the measurements of tensile
force in the pre-stressed steel cables that are used in many building structures.

Two types of investigation were undertaken in this area. In the first, a comparison of the applied
loading tensile force, acting on a cable consisting of 19 steel wire and the measured force
calculated from stress measurements. The tensile force was calculated:

F=(c-An, (14)

where A is the cross section of steel wire, n is the number of wires and & is the measured stress
value. The analysed cable has 19 wires and the diameter of each wire is 6 mm. The difference
between applied and measured force, even in the case of a maximal load, that was equal to 10°
kgf, did not exceed 10%. In other experiments, the same cables in a real building structure were

analysed to investigate the relaxation process during service. The measured stresses acting in-

different wires and cables lie in interval from 800 MPa up to 1400 MPa and during at least three
months of service examined stresses had remained practically unchanged.

Another application of the portable X-ray apparatus is the possibility to keep high precision stress
measurements at elevated temperatures. In this kind of measurement it is possible to decrease the
influence of thermal radiation by intensive air cooling. In spite of this, there is a thermal
expansion of crystal lattice. The present X-ray apparatus using simultaneous registration of two
reflections eliminates the influence of uncontrolled temperature variation of the surface. The
measurements precision remains the some as in normal condition.

The portable X-ray apparatus also has been applied to measure residual stresses in welded joints,
including weld beads and heat affected zones. Some results of these measurements have been
published in recent paper [5].

CONCLUSION

The practical advantages of an X-ray apparatus have been presented. They consist in portability
of apparatus due to coupling at high voltage source and air cooled double anode X-ray tube and
in possibility to carry out of both stress measurements and phase analysis.

Simultaneous collection of two reflections permits high precision of stress measurements at
elevated temperatures.

Stresses in weld beads and heat affected zones have been measured.

REFERENCES

[1] Castex, L., Sprauel, J.M., Barral, M., Advances in X-ray Analysis, 1984, 27, 267-272.

[2] Holy, R.A., Brauss, M., Boag, J., Nondestructive Characterisation of Materials II, Plenum
Press: N.York, London, 1987, 615-623.

[3] Cohen, J.B., Noyan, 1.C., Measurement by Diffraction and Interpretation, Spring-Verlag:
Berlin, 1987.

[4] Ivanov, S.A.; Monin, V.I; Teodosio, J.R., Proceedings of the 10th International Conference
on Experimental Mechanics, Lisbon, Portugal, 18-22 July, 1994, 757-761.

[5] Gurova, T. et al., Journal of Strain Analysis, 1997, 32, 6, 455-459.

71



	Main Menu
	Table of Contents
	------------------------
	Next Page
	Previous Page
	------------------------
	Next Hit
	Previous Hit
	Search Results
	Search CD-ROM
	------------------------
	Foreword
	Preface
	1999 Barrett Award
	1999 Program
	I. Residual Stress (1-128)
	A METHOD FOR OBTAINING STRESS-DEPTH PROFILES BY ABSORPTION CONSTRAINED PROFILE FITTING OF DIFFRACTION PEAKS, T. Ely, P.K. Predecki and I.C. Noyan, pp. 1-10
	EVALUATION OF RESIDUAL STRESS GRADIENTS BY DIFFRACTION METHODS WITH WAVELETS; A NEURAL NETWORK APPROACH, H. Wern, pp. 11-20
	SELECTED METHODS OF EVALUATING RESIDUAL STRESS GRADIENTS MEASURED BY X-RAY DIFFRACTION. TRADITIONAL, FULL TENSOR, AND WAVELET, L. Suominen and D. Carr, pp. 21-30
	MEASUREMENT AND ANALYSIS OF RESIDUAL STRESS IN EPSILON-PHASE IRON NITRIDE LAYERS AS A FUNCTION OF DEPTH, T.R. Watkins, R.D. England, C. Klepser and N. Jarayaman, pp. 31-38
	RESIDUAL STRESS ANALYSIS - A USEFUL TOOL TO ACCESS THE FATIGUE BEHAVIOR OF STRUCTURAL COMPONENTS, B. Scholtes, pp. 39-47
	X-RAY STUDY OF THE INHOMOGENEITY OF SURFACE RESIDUAL STRESSES AFTER SHOT-PEENING TREATMENT, V. Monin, J.R. Teodosio, T. Gurova and J.T. Assis, pp. 48-53
	X-RAY STRESS ANALYSIS ON POLYCRYSTALLINE MATERIALS USING TWO-DIMENSIONAL DETECTORS , A. Kampfe, B. Eigenmann, E. Macherauch, D. Lohe,  B. Kampfe and S. Goldenbogen, pp. 54-65
	A PORTABLE X-RAY APPARATUS FOR BOTH STRESS MEASUREMENT AND PHASE ANALYSIS UNDER FIELD CONDITIONS, V. Monin, J.R. Teodosio and T. Gurova, pp. 66-71
	DETERMINATION OF RESIDUAL STRESSES IN HARDENED GEARS, R. Herbst, M. Mantler and L. Markegard, pp. 72-77
	RESIDUAL STRESS ANALYSIS OF GRAPHITE/POLYMER COMPOSITES USING THE CONCEPT OF METALLIC INCLUSIONS, D. Dragoi, P. Predecki, M. Kumosa and M. Castelli, pp. 78-91
	NEUTRON STRESS MEASUREMENT USING NEUTRON IMAGING PLATE, T. Sasaki, N. Minakawa, Y. Morii, N. Niimura and Y. Hirose, pp. 92-97
	INFLUENCE OF REHEATING TEMPERATURE ON RESIDUAL STRESS IN NITRIDED HOT WORK DIE STEEL (H13), K. Yatsushiro, M. Hihara and M. Kuramoto, pp. 98-106
	X-RAY STRESS MEASUREMENT FOR TITANIUM ALUMINIDE INTERMETALLIC COMPOUND, T. Kondoh, T. Goto, T. Sasaki, Y. Hirose, pp. 107-116
	AN X-RAY STUDY OF SHOT PEENING MATERIAL DURING FATIGUE, S. Takahashi, M. Hashimoto and Y. Hirose, pp. 117-122
	X-RAY MEASUREMENT OF TRI-AXIAL RESIDUAL MACRO- AND MICROSTRESS IN Fe-Cr STEEL/TiN SYSTEM COMPOSITE MATERIALS PREPARED BY POWDER METALLURGY, S. Takago, T. Sasaki and Y. Hirose, pp. 123-128

	II. Texture and Films (129-211)
	MATHEMATICAL PROPERTIES OF DIFFRACTION POLE FIGURES, H. Schaeben, pp. 129-134
	PARALLEL BEAM METHODS IN POWDER DIFFRACTION AND TEXTURE IN THE LABORATORY, R.A. Clapp and M. Haller, pp. 135-140
	QUANTITATIVE POLE FIGURE ANALYSIS OF ORIENTED POLYETHYLENE FILMS, J.H. Butler, S.M. Wapp and F.H. Chambon, pp. 141-150
	ANALYSIS OF INTRINSIC STRESS IN DIAMOND FILMS BY X-RAY DIFFRACTION, Q. Yang, L. Zhao and H. Xiao and N. Zhao, pp. 151-156
	SIMULTANEOUS MEASUREMENTS OF SEVERAL POLE FIGURES USING AN IMAGING PLATE, T. Goto, T. Sasaki and H. Hirose, pp. 157-162
	EFFECTS OF SUBSTRATE COATING WITH METAL SPRAYING ON RESIDUAL STRESSES IN SPUTTERED TITANIUM-NITRIDE FILMS, Y.Miyoshi, H. Tanabe, T. Takamatsu, T. Sameshima, T. Ejima and K. Ueda, pp. 163-168
	TWO-DIMENSIONAL SMALL ANGLE SCATTERING FROM SUBMONOLAYER ISLANDS, P.F. Miceli, A. Sahiner, C. Botez, W.C. Elliott and P.W. Stephens, pp. 169-176
	CHARACTERIZATION OF SURFACES AND THIN FILMS USING A HIGH PERFORMANCE GRAZING INCIDENCE X-RAY DIFFRACTOMETER, S. Matsuno, M. Kuba, Y. Moriyasu, T. Morishita and K. Omote, pp. 177-184
	THE EVALUATION OF STRUCTURE PARAMETERS OF A Mo/Si SUPERLATTICE USING X-RAY SCATTERING DATA AND A GENETIC ALGORITHM , A. Ulyanenkov, K. Omote and J. Harada, pp. 185-191
	GRAZING INCIDENCE X-RAY DIFFRACTOMETER FOR DETERMINING IN-PLANE   STRUCTURE OF THIN-FILMS, K. Omote and J. Harada , pp. 192-200
	HIGH RESOLUTION X-RAY MEASUREMENTS OF STRAIN-MEDIATED DIFFUSION IN CuInSe2, P. Fons, S. Niki, A. Yamada, M. Uchino and H. Oyanagi, pp. 201-211

	III. X-ray Optics (212-259)
	APPLICATION OF Ni/C GÖBEL MIRRORS AS PARALLEL BEAM X-RAY OPTICS FOR Cu K-alpha AND Mo K-alpha RADIATION, T. Holz, R. Dietsch, H. Mai and L. Brugemann, pp. 212-217
	REALIZATION OF AN ASYMMETRIC MULTILAYER X-RAY MIRROR, S.M. Owens, R.D. Deslattes and J. Pedulla, pp. 218-222
	NARROW ROCKING CURVE MULTILAYER X-RAY MIRRORS, S.M. Owens, R.D. Deslattes and J. Pedulla, pp. 223-228
	TUNABLE MULTILAYER-MIRROR OPTICS FOR TABLE-TOP X-RAY MICROTOMOGRAPHY, N. Gurker, R. Nell and W. Backfrieder, pp. 229-234
	GRADED d-SPACING MULTILAYER OPTICS FOR VARIOUS ENERGIES, B. Verman, B. Kim, D. Wilcox, D. Broadway, Y. Platonov, N. Grupido and L. Jiang, pp. 235-240
	COMPLETE DATA SETS ACQUIRED WITH DIFFERENT POLYCAPILLARY OPTIC - SOURCE CONFIGURATIONS, F.A. Hofmann, W.M. Gibson, C.A. MacDonald, D.A. Carter, J.X. Ho and J.R. Ruble, pp. 241-247
	APPLICATION OF POLYCAPILLARY OPTICS FOR PARALLEL BEAM POWDER DIFFRACTION, S.T. Misture and M. Haller, pp. 248-253
	BEAM COLLIMATION USING POLYCAPILLARY X-RAY OPTICS FOR LARGE AREA DIFFRACTION APPLICATIONS, S.D. Padiyar, H. Wang, M.V. Gubarev, W.M. Gibson and C.A. MacDonald, pp. 254-259

	IV. XRD Methods and Characterization (260-393)
	INTERNAL STANDARDS IN HIGH TEMPERATURE XRD, M. Mantler and G. Hammerschmid, pp. 260-266
	SYSTEMATIC ERRORS IN LINEAR PSD BASED HTXRD SYSTEMS, E.A. Payzant and W.S. Harrison, III, pp. 267-272
	FUNDAMENTALS OF TWO-DIMENSIONAL X-RAY DIFFRACTION (XRD2), B.B. He, U. Preckwinkel and K.L. Smith, pp. 273-280
	AN INNOVATION IN TRANSMISSION COEFFICIENT MEASUREMENT, B.B. He and K.L. Smith, pp. 281-286
	ACCURACY OF XRPD MEASUREMENT VIA DIFFRACTION INSTRUMENTAL MONITORING, G. Berti, pp. 287-292
	AMBIGUITIES OF MICRO AND NANO STRUCTURAL DETERMINATION, G. Berti, pp. 293-298
	MOLECULAR CRYSTAL STRUCTURES FROM  POWDER DIFFRACTION DATA: APPLICATIONS TO PHARMACEUTICAL ANALYSIS AND TO THE CHEMISTRY OF DYES, V.V. Chernyshev, A.V. Yatsenko, A.N. Fitch, E.J. Sonneveld, V.A. Makarov and H. Schenk, pp. 299-304
	ATTAINING 1% ACCURACY IN ABSOLUTE PHASE COMPOSITION LEVELS BY RIETVELD ANALYSIS, B.H. O'Connor and D.Y. Li, pp. 305-312
	STRUCTURE DEVELOPMENT DURING THE HEAT-DRAW PROCESS OF NYLON 66 FIBER BY SYNCHROTRON X-RAY DIFFRACTION, S. Ran, S. Cruz, X. Zong, D. Fang, B. Chu, B.S. Hsiao, R. Ross, H. Chang and D. Londono, pp. 313-318
	GRAZING INCIDENCE X-RAY DIFFRACTION CHARACTERIZATION OF CORROSION DEPOSITS INDUCED BY CARBON DIOXIDE ON MILD STEEL, S. Sembiring, B. O'Connor, D. Li, A. van Riessen, C. Buckley, I. Low and R. De Marco, pp. 319-325
	DIFFRACTING PARTICLE SIZE ANALYSIS OF MARTENSITE - RETAINED AUSTENITE MICROSTRUCTURES, J.D. Makinson, W.N. Weins, T.W. Snyder and R.J. De Angelis, pp. 326-331
	X-RAY CHARACTERIZATION OF RESISTOR/DIELECTRIC MATERIAL FOR LOW TEMPERATURE CO-FIRED CERAMIC PACKAGES, M.A. Rodriguez, P. Yang, P. Kotula and D. Dimos, pp. 332-337
	LATTICE PARAMETERS OF GALLIUM NITRIDE AT HIGH TEMPERATURES AND RESULTING EPITAXIAL MISFITS WITH ALUMINA AND SILICON CARBIDE SUBSTRATES, C.J. Rawn and J. Chaudhuri, pp. 338-343
	GLIDE TWIN OF CHALCOPYRITE-TYPE AgGaS2: MORPHOLOGY AND FORMATION MECHANISM, H.K. Eba, N. Ishizawa and Y. Noda, pp. 344-349
	QUANTIFICATION OF FERRITE SPINEL AND HEMATITE IN FLY ASH MAGNETICALLY ENRICHED FRACTIONS, R.S. Winburn, S.L. Lerach, G.J. McCarthy, D.G. Grier and J.D. Cathcart, pp. 350-355
	SYNCHROTRON STUDIES OF POLYMERS AT HIGH SPATIAL AND TEMPORAL RESOLUTION, A. Mahendrasingam, C. Martin, S. Bingham, W. Fuller and D.J. Blundell, pp. 356-365
	IDENTIFICATION OF CuCl IN Si BY XRD-XRF ANALYSIS, C.-T. Li and L. Tarhay, pp. 366-375
	AN X-RAY FRACTOGRAPHY STUDY OF A SINTERED COMPOSITES SYSTEM OF Al2O3/SiC (WHISKER) , T. Mori, M. Kawasaki, T. Sasaki and Y. Hirose, pp. 376-381
	STUDY OF THE FATIGUE FRACTURE SURFACE REGIONS OF STEELS USING MICROBEAM SYNCHROTRON X-RAY DIFFRACTION, Y. Yoshioka, K.Akita, H. Suzuki and T.Sasaki, pp. 382-387
	PHASE ANALYSIS OF CARBON-CERAMIC COMPOSITES SYNTHESIZED BY IN-SITU SINTERING, Q. Yang, H. Xiao and M. Mantler, pp. 388-393

	V. XRF Methods and Instrumentation (394-486)
	XRF IDENTIFICATION OF ALLOYS USING LOTUS APPROACH 97 (registered trademark) DATABASE WITH ASM INTERNATIONAL (registered trademark) DATA, A.J. Klimasara, pp. 394-405
	THE MODIFICATION OF TXRF-METHOD BY USE OF X-RAY SLITLESS COLLIMATOR, V.K. Egorov, O.S. Kondratiev, A.P. Zuev and E.V. Egorov, pp. 406-417
	THE ANALYTICAL POSSIBILITIES OF A PORTABLE TXRF-SPECTROMETER, U. Waldschlager, pp. 418-423
	EFFECT OF CALIBRATION SPECIMEN PREPARATION TECHNIQUES ON NARROW RANGE X-RAY FLUORESCENCE CALIBRATION ACCURACY, S.H. Nettles, pp. 424-428
	VXRF: A SOFTWARE PACKAGE FOR TEACHING (AND LEARNING) XRF, M. Mantler, pp. 429-434
	ULTRA-TRACE ANALYSIS BY MICRO X-RAY FLUORESCENCE SPECTROSCOPY, M. Haschke, P. Pfannekuch and B. Scruggs, pp. 435-441
	AN UPDATE TO NRLXRF AND NBSGSC, W.T. Elam and J.R. Sieber, pp. 442-448
	AN IMPROVED AEROSOL GENERATION SYSTEM FOR THE  PREPARATION OF XRF CALIBRATION FILTERS, C. Vanhoof, V. Corthouts and N. De Brucker, pp. 449-455
	PREPARATION AND CHARACTERIZATION OF DRIED-RESIDUE CALIBRATION STANDARDS FOR USE IN MICROSAMPLE X-RAY ANALYSIS (MXA), E.C. Anderson, B. Shumway and D.C. Turner, pp. 456-464
	DEVELOPMENT OF AN AUTOMATED SAMPLE PREPARATION STATION FOR MICROSAMPLE X-RAY ANALYSIS (MXA), D. Clark Turner, E.C. Anderson, B. Shumway, pp. 465-471
	INVESTIGATION OF ELECTRON EXCITED X-RAY SPECTRA IN DEPENDENCE ON THE ANGLE OF ELECTRON INCIDENCE, H. Ebel, R. Svagera, J. Wernisch, M.F. Ebel and M. Sander, pp. 472-479
	POLYCAPILLARY X-RAY OPTICS FOR X-RAY ASTRONOMY, C.H. Russell, M. Gubarev, J. Kolodziejczak, M. Joy, C.A. MacDonald and W.M. Gibson, pp. 480-486

	VI. Quantitative XRF Analysis (487-578)
	REMOTE X-RAY DIFFRACTION AND X-RAY FLUORESCENCE ANALYSIS ON PLANETARY SURFACES, D.F. Blake, pp. 487-496
	RESEARCH IN QUANTITATIVE X-RAY FLUORESCENCE MICROANALYSIS OF PATTERNED THIN FILMS, M. Lankosz, J.R. Sieber and J. Pedulla, pp. 497-503
	A GRAZING INCIDENCE X-RAY FLUORESCENCE ANALYSIS OF THE COMPOSITION OF (Ba,Sr)TiO3 (BST) AND SrRuO3 (SRO) STACKED FILMS, S. Terada, H. Furukawa, H. Murakami and K. Nishihagi, pp. 504-509
	BARIUM STRONTIUM TITANATE THIN FILM ANALYSIS, T. Remmel, M. Schulberg, S. Fujimura, H. Honma, H. Kobayashi, H. Kohno, S. Owens, R. Deslattes and J. Pedulla, pp. 510-518
	QUANTITATIVE SURFACE ANALYSIS BY X-RAY INDUCED ELECTRON EMISSION, H. Ebel, R. Svagera and M.F. Ebel, pp. 519-533
	CHARACTERIZATION OF Pu-CONTAINING PARTICLES BY X-RAY MICROFLUORESCENCE, M. Mattiuzzi, A. Markowicz and P. Danesi, pp. 534-539
	APPLICATION OF MICRO X-RAY FLUORESCENCE SPECTROMETRY FOR LOCALIZED AREA ANALYSIS OF BIOLOGICAL AND ENVIRONMENTAL MATERIALS, J.R. Sieber, M. Lankosz and M. Boruchowska, pp. 540-546
	THE INFLUENCE OF SPECIMEN SIZE AND BEAM DIVERGENCE ON QUANTITATIVE XRF BY FUNDAMENTAL PARAMETER METHODS, M. Mantler and B. Hochleitner, pp. 547-552
	TIME DEPENDENT CHARACTERIZATION OF OMBROTROPHIC PEAT CORES FROM POLAND AND AUSTRIA FOR STUDYING ATMOSPHERIC DEPOSITION OF METALS
	ED-XRF SPECTRUM EVALUATION AND QUANTITATIVE ANALYSIS USING MULTIVARIATE AND NONLINEAR TECHNIQUES, P. Van Espen and P. Lemberge, pp. 560-569
	HEAVY ELEMENT DETERMINATION IN HEALTH-RELATED ORGANIC MATRIX MATERIALS BY TOTAL REFLECTION X-RAY FLUORESCENCE, E.D. Greaves, pp. 570-578




