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Abstract

The present work deals with neutron diffraction measurements
performed using the Cairo Fourier Diffractometer Facility (CFDF) for
stress analysis.The CFDF has 0.45% resolution and a value 1.1 x 106

neutrons . cm'2, s"1 of integral neutron flux at the sample position.
While one of the two samples used for the present measurements was
made from two steel cylinderical rods ( 5.5 mm in diameter)
electrically welded together, the second one was a stress free steel rod of
the same material. The stress distribution after welding was studied
from the measured, by the CFDF, diffraction patterns. It has been found
from the present measurements that the strain at the welding point is higher
than any point far from it; verifying that the CFDF can be successfully used
for stress measurements.
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I. INTRODUCTION

The presence of residual stress in engineering components can siginficantly
affect their load carrying capacity and their resistance to fracture . In order to quantify
the stress effect , it is necessary to know its magnituude and distribution[l]. Residual
stress, can be intoduced into components during fabrication and also as a result of
creep and plastic deformation incured during use.The manufacturing processes
which result with residual stresses are welding, forging, bending and machining
operations.

The de Broglie wavelength of thermal neutrons is comparable to atomic
sapcings. In addition, neutrons and phonons have energies of the same order of
magnitude . These two properties alone make neutrons an ideal prob for the structure
and dynamics of condensed matter systems . Neutrons are highly penetrating (with few
exceptions ) since they have no charge, and they can be used for nondestructive study
of bulk materials. Accordingly , nondestructive neutron diffractometry as one of the
powerful tools could be used for studying the deformation, due to stress, of materials .
Several laboratories, at the time being , make use of the available neutron
diffractometers for evaluation of the residual stress in order to serve the industry[l-5].
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The present paper presents the preliminary results of neutron diffraction
measurements, performed for stress analysis, using the CFDF.

II. EXPERIMENTAL DETAILS

The present measurements were performed using the CFDF. The CFDF is based
on the reverse time of flight (RTOF) principle[6]. The layout of the CFDF
diffractometer, recently installed in front of one of theET-RR-1 reactor horizontal
channels, is schematically given in Fig .1. It consists of the main curved neutron guide,
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1. ET-RR-1 Reactor

3. Curvedmeutrom guide
4. Reactor Halts wall
5. Corridor

6. Fourier chopper
7. Straight neutron guide
8. Sample table
9. ffffTfof 10% Evacuated tube
II, Heutran beam catcher

FIG. 1 The layout of the CFDF dif&actometer

22 m length, followed by the Fourier chopper of 1024 slits and a straight neutron
guide (2 m length) for neutron beam collimation. Neutrons after that are incident on
the sample and diffracted at right angle (29=90°); then detected by a detector
constructed from four Li-glass scintillation detectors arranged together according to
the time focusing geometry .The main parameters of the CFDF are given in table. 1.
More details about the facility can be found elsewhere[7,8].

Table 1 The parameters of the CFDF

0.5-3.0
0.4$%
1.1x10
2.125
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The samples used for the present measurements arc two steel rods. While one
of them is constructed from two electically welded rods ,the other one is from the same
steel rod but without welding .Both samples are of the same diameter (5.5 mm).
Diffraction patterns were measured for these samples using the CFDF at the following
conditions:

- The Fourier chopper speed 8000 rpm
- The delay time = 2048us.
- Area of the neutron beam incident on the sample =0.55 cm2.

The measurements were performed for the welded sample at the welding point, 2 cm
and 4 cm distances from it. Besides one diffraction pattern was measured for ihe
sample without welding.

III. RESULTS AND DISCUSSION

The diffraction patterns obtained for the welded sample weie all similar to that
one displayed in Fig.2b which was measured at the welding point. Fig.2a represents
the diffraction pattern measured for the stress free sample. All of them covered d-
spacing values between 0.52 - 3.11 A; respectively for the channel numbers from 200
to 1200.
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FIG.2 The measured diffracion patterns; a) stress free steel b) welding point
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The internal 'lattice' stress presented in material is obtained from the measured
elastic 'lattice' strain produced in the crystallite of which it's composed[4]. The strain
is determined using Bragg's law of diffraction:

2dhW sin & = X. (1)

where dhkl is the crystallite lattice plane spacing corresponding to Bragg reflection
(hkl) observed at scattering angle (phkl = 2 &h', X the neutron wavelength, and (hkl) are
Miller indices of diffracting planes.
The elastic strain , £hkl, is given by:

(2)ehki ~ (dhki - d 0 hki V do hki

where dOhkl is observed for the stress free sample[l] .
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FIG.3 The peaks observed at different lattice planes; a-(l 10) plane, b-(200) plane, c-(211)
plane.
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The peaks observed in all diffraction patterns for the (110), (200) and (211)
planes are presented in Fig.3. These planes were chosen as they covered d-spacing
values where the CFDF resolution[7,8] is ~ 0.45%. The strains were determined,
according to eq.(2), by the relative change between the measured and the strain free
lattice plane distances d and d0 respective'v. In table 2 are given the strains SQ , £2 a nd
e4 (respectively for the welding point, 2cm and 4cm distances from it) for (110), (200)
and (211) planes. It is noticable that the strain is the highest, for all planes displayed in
Fig.3, at the welding point. The stress forces are calculated from the measured strains
using the material-specific elastic constants depending on the appropriate models[9].

Table 2: The strain values deduced for different lattice planes

d&E

hid

110
200
211

do(A)

2.8775

1.6447

1.1008

dw(A)

2.8879

1.6498

1.1046

£o

3.614x10°
3.101xl0"J

3.452x10°

d2(A)

2.8620

1.6343

1.0904

e2

-5.387x10°

-6.323x10°

-9.448x10°

d4(A)

2.8749

1.6434

1.0982

64

-0.904x10°
-0.790x10°

-2.362x10°

It is concluded that the CFDF can be successfully used for stress measurements.
As the CFDF allows for the simultaneous measurement of several d-spacings then it
can be used for studying different types of stress in samples; such as the multiplane
stress, the functional gradient materials and the fiber - reinforced matrix composities.
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