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ABSTRACT
Preliminary measurements with high energy x-rays from the SRI CAT 1-ID beam line at the
Advanced Photon show great promise for the measurement of stress and strain using
diffraction. Comparisons are made with neutron measurements. Measurements of strains in
a 2 mm thick 304 stainless steel weld show that excellent strain and spatial resolutions are
possible. With 200 \im slits, strain resolutions of lxl0"5 were achieved.

INTRODUCTION

Neutrons have been used to measure strains and stresses in the interior of engineering
materials since about 1980 (1-4). More recently high energy x-rays from third generation
synchrotron sources have been utilized in a similar way (5-8). Initial measurements of strains
with high energy x-rays from a third generation synchrotron source were made and they have
shown great promise. Here a comparison is made between these synchrotron x-ray strain
measurements and similar strain measurements using reactor neutrons.

EXPERIMENTAL PROCEDURES

Diffraction measurements were made at the Advanced Photon Source of Argonne National
Laboratory with intense high-energy synchrotron radiation at the 1 -ID-C station of the SRI
CAT beam line. A gage volume was established at the center of the diffractometer with
crossed tungsten slits. Strains were measured in the interior of a specimen of 304 stainless
steel approximately 25 by 75 mm cut from a 2.2 mm thick sheet and containing an autogenic
weld bead. The weld bead was approximately centered in the 25-mm width and filled a v-
notch that had been cut into one side of the specimen along its full 75-mm length. The 531
diffraction peak was observed at approximately 26.2 ;29. Strains were measured in a variety
of directions.

The neutron measurements compared here were made at University of Missouri Research
Reactor Center (MURR) on the 2XD powder diffractometer. Measurements were made on a
welded cylinder of HP-9-4-30 steel with a diameter of 0.91 m and a wall thickness of 15.2
mm as reported in detail elsewhere (9, 10).

RESULTS

Table I compares the various experimental parameters for the neutron and x-ray
measurements. The x-rays, notably, give a much higher strain sensitivity in the results.
While the neutrons arc able to penetrate a much thicker specimen, the much broader
diffraction peak leads to lower strain sensitivity for the measurements, even at a higher Bragg



angle. The broad peak results from the need for large divergences in the neutron optics to get
sufficient flux on the sample. The x-rays, on the other hand, give a very sharp diffraction
peak because of the synchrotron source. In some samples, however, difficulties can arise
when insufficient diffracting grains are seen because of the extreme parallelism of the incident
x-ray beam.

Another difficulty with the x-rays is the need to work at low 20 values, giving rise to a gage
volume with one much longer dimension. Here at 26 j29, the gage diagonals have a ratio of
four to one. Attempts to work with penetrating x-rays at much larger angles result in a
significant reduction in signal intensity due to the small atomic scattering factor compared to
lower angles. Neutron scattering is not similarly constrained and roughly cubical gage
volumes are easily achieved by working at 20 near 90j. When taking the ratio of the gage
volume diagonal to the weld thickness, a relative measure of the spatial resolution, the x-rays
come out superior to the neutrons in one dimension and inferior in the other for the
comparison here.

Table I. Comparison of Strain Measurements in Welds using
Synchrotron X-rays.

Instrument

Welded Material

Weld Thickness

Slit size

Wavelength

20P

STD(20p)

FWHM

STD(20p)/FWHM

'max

Gage Volume Diagonals

Thiekncss/Gagc Ratio

Time to collect peak

2XD Powder Diffractometer
MURR

HP-9-4-30 Steel

15mm

3 mm

1.76

98;

0.017j

1.19j

0.0145

95 counts

4.6 x 4.0 mm

3.3/3.75

2-5 hours

Neutrons and High Energy

1-ID-C
APS

304 Stainless Steel

2.2 mm

0.25 mm

0.276

26.2j

0.00025;

0.031

0.0083

198 counts

0.26 x 1.1 mm

8.5/2.0

6-10 minutes
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The data collection time for the synchrotron x-rays in these studies was much shorter even
though it was collected by point counting while the neutron data was collected with a
position sensitive detector. Future use of area detectors for x-ray measurements should
improve data collection times by an order of magnitude or more.

CONCLUSIONS

High-brilliance, hard x-rays from advanced synchrotron sources can give much better strain
sensitivity and faster data collection than neutrons for diffraction stress measurements in the
interior of materials on suitable systems. This is due to the extreme parallelism of the
synchrotron beam and the much higher flux. The major detriments to using high energy x-rays
are the long aspect ratio of the gage volume that results from using the low angle diffraction
peaks available and also the potential difficulties with flight paths in complex geometries. For
very deep penetration depths and high atomic number elements, neutrons will have an
advantage.
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