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‘of the detector is 65 mm The efﬂcxency about 70%
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INTRODUCI'ION

In the last 10 years thermal neutron drﬂi'actron has been mtenswely used as the new. method for
non-destructive test of internal strains in bulk materials (see, e.g., review [1]). Currently most of
strain measurements are made on the diffractometers operating with the conventional steady state
reactors, However, experience of such measurements on neutron diffractometers.at pulsed neutron
sources of RAL (HRPD) [2], GKSS (FSS) [3], PNPI (mini-SFINKS) [4],' ANL (GPPD) [S5] and
LANSCE (NPD) [6}: demonstrates “essential advantages of the latter. The mam 1s the possrbxhty of
simultaneously measuring many reflections, up to 15 in the case of steel.

-~ The new hxgh resolution  reverse time-of- ﬂlght Founer neutron dtfﬁuctometer HRFD [7]
currently operatmg at the high flux pulsed. reactor IBR-2 i in Dubna opens good perspectrves for
canymg out stmn measurements for apphed purposes . . RN
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THE EXPERIMENTAL SET—UP

. The diffractometer HRFD is mstalled on beam No.5 of the IBR-2 reactor. The reactor design
permits use of two neutron moderators - the room temperature water and the cold methane one. In
the first case the total-thermal neutron ﬂux on moderator surface (the visible area of 400 cn®) is
equal to 10® n/cms. At a distance of 9, m from the moderator a Fourier chopper is installed. The
neutron beam before the chopper is formed by a stralght mirror neutron guide and after the chopper

- by a focusmg, curved mirror. neutron gulde of19'm length The incoming and outgoing window

cross-section of these gurdes are 30x200 and 10x100 mn??, respectxvely ‘The sample is positioned at
29 m from the moderator, Havmg gone, through the chopper and the neutron gurdes the neutron flux
at sample position is 107 nfem¥s.” . e

--;Figure:1. shows schematrcally the expenmental arrangement of the detectmg eqmpment of
HRFD For. stram measuremients the detector is posmoned at.the scattermg angle of 90°; ‘The strain™
neutron scaniner wrth whrch samp]e drsplacements are accomphshed is ﬁxed on the table of thef
drﬂ‘mctometer

The scmtlllatJon type detector consrsts of ﬁve 132 mm drameter photo multxphers On top of
each a SLi-glass element measuring 102x102x1:mm® is mounted.> These scintillation elements “are
spatially arranged (Frgure 2 and Table 1) so that to timé focuse the’ scattered neutrons. The distance
from the sample posrtron to the middle point in the detector is 1.1'm. The detector has the solid angle -

©0f 0.007 sr but it is not used at full (see funher) The honzontal dimension of the~ entrance aperture
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Flgure 2. Arrangement of er - glass elements
< plan’ vxew b- 51de view, . Denotions: § is the, .
’ slope angle’ of an element “with . respect to -the
... outgoing beam dxrectlon X is the distance between_ .
" the sample posrtlon and the centre of an element; y.....
is the distance between the centre of an element
and the x-axis. Table 1 summarizes these values
. - and solid angles, @, of all elements.

f‘f Figure: 1. Schematncal lay-out of the
> detecting equipment of HRFD: 1= mir-"
ror gulde 2 - large: back-scattenng de- ..
" tector,’ 3 - mountlng table of diffrac- |
Ttometer 4 - position sensitive detéctor,
§ - strain neutron scanner, 6 - soller
collimator, 7 - 90°-detector, 8 - detec-
tor of midlle resolution. e

.. Table 1. The geometrical parameters of Li-glass elements:........ ..

. x,mm o y,mm,. B degree
1 | :90001 :. 5 23
L2 . 1060.13: «7.14:,1"~ Ak
23 +1..3-1220.18 = can 18,997
-4, 4% 1., 1380.24 100311079

e

- Thei 1mportant disadvantage of the neutron detectors of the scintillation type is therr sensrtmty
to gamma-rays This deprives. one of :the possibility: of using the materials with large (n,'y)-cross-’f

' section, such as cadmrum and gadolinium,:for neutron beam collimation and’detector background *
- suppression in the measurements with the main large back-scattering detector of the- HRFD (Figure

2) in which the light guides between the Lr-glass elements and photo multipliers are used to increase

the detection solid angle. The accompanying decrease in light scintillation amplitudes leads to a shift

. suppressed with the help of a conventional linear amplitude ® discriminator. .

of a neutron peak in the amplitude spectrim in the ganuna-background Tange.
The experiments with the detector without light guides give good separation of the neutron
peak from gamma-ray . background:induced by:the!Cd sample. Then: gamma-background can be

. The fact that the Li-glass elements are fixed right on the windows of the photo multrpllers of
the 90°-detector causes decrease of the effective solid angle In our case thrs decrease is equal to 10%.

-Use of materials" with: large : capture -cross-sections -, sunphﬁes : the task of bulldmg
colhmator system foraneutron strain scanner, - il can oot i e CUTED

: THE COLLI]VIATOR SYSTEM

, To lrnut the gauge volume msrde mvestlgated specrmen two colhmator systems are used The
first one consists of few.changeable Cd-masks before the sample. These masks can vary the gauge

- volume across’ the drrect neutron beam from 1x1 .to :10x10; 'mm>.. The second is:a soller radial’

collimator w1th vertrcal slxts formed by gadolrmum covered sheets Thrs collxmator luruts the gauge
volume along the dxrect beam (Flgure 3)... REE B

The spatlal resolutlon in thrs dlrectron to be held by one
slit equals: st :

AYg.v = 2Ay- x2/ (XZ'XI) 1)
the denotlons being given in Flgure 3. At x, 120 mm, x,
=770 mm and a slit width Ay, = 1 mm one may have
Ay,,. = '2.4 mm., In this case an. exit size of the ‘slit equals
: Ayee =AY, Xo/x{ = 6.4 mm. For the whole of the detector
- solid angle to be covered one needs to have 10 slrts The
.| .vertical “size ofa slrt has no’ mﬂuence on the spatlal
=1 resolution. .. : v :
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Cd-mask

Gd-slit

AYs

o . Figure 3. The central slit of the soller collimator: Ay, is -
X, . ~ the width of a slit, Ay, is the mean size of the gauge
’ volume along the drrect neutron beam v

THE INSTRUM NTAL RESOLUTION

The resolutlon of the trme-of ﬂlght powder dlﬂ'ractometer is:”
: T e R= AdM = ((Atyft)? + (- ctg())’)"z
where d is the mterplane drstance in angstroms, (A) t is the time of ﬂlght At;
neutron pulse 'y includes all geometncal uncertamtles °9 is the Bragg angle.
‘In HRFD we have At0 7 us, L=30 m. Then: ™~
e At = At0/(253 1:2d-5in6) = 6.5- 104 S
- To estimate the value of t one has to take into consideration the: followmg circumstances:‘1) -
because the 90°-detector is the time-focusing one the angle divergence of the scattered neutron beam
does not influence the d-spacing resolution of HRFD; 2) one may neglect the contnbutlon to the d-.
spacing resolutron due to finite dlmensrons of an investigated sample, if the gauge volume does not -
“exceed 5x5x5 mm’; 3) the angle dlvergence of a direct neutron beam is defined by the mirror neutron
guide and in our case it'is ‘equal to y=1.4. 10-3‘at d = 2-A. Thus, the’ d-spacmg resolution of the-
“neutron strain scanner is expected to be of R = 1 5-10%atd=2 A Expenments can be made in the
d-spacmg range from 0.5 to 10 A ; , t

THE STRAIN NEUTRON SCANNER

To begm the program of mvestxgatlons of stralns in bulk speclmens the srmplest neutron
scanner is designed to accomplrsh three orthogonal x, 'y and z displacements of a sample and rotatlon
- about the vertical axis. The carrying capacity of thrs device is 100 kg.

However, with this scanner one cannot measure the full strain tensor lef in the gauge volume
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To do thlS the mvestxgated sample must be rotated about the center of the gauge volume S0 that the o &

scattering vector Q which bisects the angle between the incoming and outgoing beams will scan this -
volume in a rather large angle range.’ So,’ thie strain e in the direction of the vector Q is deﬁned with
six components e,l G, k=x,y, z) of the tensor lel : -

2T g o e(l, mn) = e, +m Ye,, +n’ e, +2lme, + 2mncyz + 2nle,z., W (8
where (1, m, n) are the direction cosines of the vector Q, and at least slx measurements are needed
for determination of the tensor |e] in genera.l case. s - e

- The ‘simplest. from the practical point of view way to perform thrs rotation is the scanmng of*
the vector Q over the surface of the 90°-cone which apex lies in the centre of the gauge volume. For”
example, if the scan is accomplished with a step of 45° in the angle range from 0° to 360°, eight
measurements of e(l m, n) can be made :

.,.;\. FS
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SUMMARY

The study of the HRFD capabxlmes shows that the desxgned neutron scanner will have the time -
and spattal resolution sufficient for determination of residual strain profiles in bulk speclmens up to
40.mm_depth, The Reitveld -profile refinement of all measured reflections gives the’ strain value
averaged over the gauge volume (macrostrain). Good. statlstlcs per reﬂectlon are not necessary for
satisfactory refinement. Fltttng of individual reflections allows one to obtain mformatxon about
mrcrostrams ‘ : ,
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