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INTRODUCTION 

In the last 10 ye~ thermal neutron diffraction has been intensively used as the new, n'iethod for 
non-destructive test of mternal straitls 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 ofRAL (HRPD) [2), GKSS (FSS) [3), PNPI (mini-SFINKS) [4),'ANL(GPPD) [5] and 
LANSCE (NPD) [6)demanstrate8 essential advantages of the latter. The m&n.is the possibility'of 
siniultaneouslymeasuringmanyrefleCtions,upto.15inthecase.of,steel. . , . :, . ,. :. , 

The new high' n:solution reverse time:of:flight Fourier)ieutron'.diffuiciometer HRFD [7) 
currently operating at the high flux pulsed.reacior,ffiR-2in :i>hbria opens good perspectivesfor 
carrying outstrain measurements' for applied purposes. ' ' .. .. .. ' ' ' ' ' .· 
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THE EXPERIMENTAL SET-UP 

The diffractometer HRFD is installed on beam No.5 of the ffiR-2 teacto~. The reactor design 
permits use of two neutron moderators - the room temperature water and the cold methane one. In 
the first case the total·thern1al neutron flux on moderator. surface (the visible area of 400 em2

) is 
equal to 1013 nlcm2/s. At a distance of9,m fi~m the moderator a Fourier chopper is installed. The 
neutron b~before the chopper is formed by:a straiSbt, mirror neutron guide and after the chopper 
.-by a focusing, c.urved !Jllrior neutron guide of.19m length. The incoming and outgoing Window 
cross-section of these guides are 30x200 lll!-d 10x100 mffi2, respectively.( The sample is positioned at 
29 m from the-moderator. Having gone thro;gh the chopper and the neutron guides the neutron flux 
at sample position is 107 Dlcm1/s. · · ·• · · · ,·· · · . . . .. , .· · 

. , Figure 1 shows schematically the experimental. arrangement of the' detecting·:· equipment of 
HRFD. For strain meaSurements the detector is positioned at the scattering angle of90°. The strain 
neutron scanner with ~ythich sample' displacements are accomplishl:d is fiXed on the table of the 
diffracto~eter::. · · · · · · 
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·THE.90°-DETECIOR·~· · · ·~· ~ 
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. , The scintillation type detector. consists of five 132 mm diameter photo multipliers .. On top of 
each a 6_r.i-glass element measuring: 102x1 02xl: mm3 'is mounted:· These Scintillation' elements' are • 
spatially arranged (Figure 2 and Table 1)so that to time focuse the scattered neutrons. The distance 
from the sample position to the middle point in the detector is 1.1 ·m.. The detector has the solid 8ngle ·: 
of0.007 sr but it is not used at full (see further). The horizontal dimenSion of the· entrance aperture 
of the detector is 65 mm. The efficiency: about 70% .. ·· · · · ·:' ' · :, " ~-;"· · "' · :;:;; ; · 1 
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· Figure· 1. · · Schematical lay-out . of the 
· detecting equipment ofHRFD: 1 - rilli­

ror guide, 2 - largeback-scatteri~g 'd~~­
tector, 3 - mounting table of dnfrllc~ 

' iometer, 4 - position sensitive detector, 
5 - strain neutron , scanner, 6 - soller 
collimator, 7 - 90° -detector, 8 - detec­
tor ofmidlle resolution. 
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Figure 2. Ariange~ent of 6Li - gl~s elements: .. 
a -plan view , b - side view,. Denotions: f3 is the 
slope _angle of ari .element. with respect to the 
outg~ing beam direction; .x is the distance between . 

. the sample position and the centre ofan 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. 

Table 1. The geometrical parameters ofLi-glass elements .. , " . , ..•. 
I I I I 

Number-~ . --~··-:• I I 
of···: x,mm, .·.· ·:. y,~ •.. , . P._ degree,;. :;ro,~r-.· 

element . ·• . c " 

900.01 
1060.13• .·;,'( 

.. 1220.18 .. 
4, 4'- I - 1380.24 I -26.43 .,:.: bt.:•.:t0.79 1- 1.o6x2 · 

';I ~-;.'.t>:: 

• The important disadvantage of the neutron detectors of the scintillation type is their sensitivity 
to gamma-rays. This deprives. one of. the possibility of using the materials with large (ri;y)~cioss;; 
section,. such. as. cadmium and gadolinium,. for neutron beam collimation and i detector background .• 
suppression in the measurements with the main large back-scattering detector ofthe·HRFD (Figure· 
2) in which the light guides between the Li-glass elements and photo multipliers are used to increase 

. the detection solid angle. The accompanying decrease in light scintillation amplitudes leads to a shift 
of a neutron peak in the amplitude spectrum in the gllmina:background range. 

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 

. SUppressed with the help Of a COnventional linear amplitude discriminatOr. . • '' . ) .•. I 

. The fact that the Li-glass elements are fixed right on the windows of the photo multipliers 'of~t 
the 90o-detector causes decrease of the effective solid angle. In our case this decrease is equal tolO%: •: 

. _Use ofmaterials'with.large;capture cross-sections· • simplifies • the task. of building a!:· 
collimator system for a neutron strain scanner. . · ~-. .. ·~ · "-.~- · . . 
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_,;, · ·THE COLLIMATOR SYSTEM · ·,· 

To limit the gauge volume inside investigated specimen two collimator systems are used. The . 
first one consists of few. changeable Cd-masks before the sample. These masks can vary the gauge 
volume across the dlr~ct neutron beam from ·lxl to .10x10 mm2

• The second is a soller radial· 
collimator with vertical'slits formed _by gadolinium covered shc;ets. This collimator limits the gauge-
volumealongthedirectbeam(Figure3). : .... · :.~:.' · •· ·• · · .•t···· 

. -" ' .. . ' .. The spatial resolution in this direction to be held by one : 
slit equals: · ·< -~ · :: 

/J.y,_v. = 2/J.y, x2/(xl-x1), (1); 
the denotions being given in Figure 3. At x1 .= 120 mm, ~ 
= 770 mm and a slit width /J.y, = 1 mffi one' may have 
.!J.Yg.v. = 2.4 mm. In this case an exit size ofthe'slit equals 

'!J.y ... = !J.y, xixi. = 6.4 mm. For the whole of the .detector 
solid angle to be covered one needs to have 10 slits. -The 
vertical size of a slit. has no influence on the' spatial 
resolution. 

Figure 3. The central slit of the soller collimator: !J.y, is 
the width of~ slit, /J.yg.v. is the mean size of the gauge 
volume along the direct neutr~n b~. 
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THE INSTRUMENTAL RESOLUTION<: 
··." : ·.'l.l"'' 

The resolution of the time-of-flight powder diffractometer is:· · 
. .' ,. . .. . . R =; /J.d/d = ((/J.toft)2 +(y·ctg0)2i 12

;: k _ .. (2) 
where'd is the interplane distance in angstroms (A), t is the time 'of fligh( At~' is 'the width of the 
neutron pulse,yincludes all geometrical uncertainties; 9 is the Braggarigle.' 1" ~. 

. In HRFD we have /J.to ,; 7 J.IS, L~30 m. Then: :. . . . 
·· . ·. -~t;tt = /J.tof(253·L:2d·sin9) = 6.5:104 . · 1'.'. · ' ·• . ·. ~ (3). 

To estimate the.value oft one has to take into consideration the following cil:cumstances: 1)' 
because the 90°-detector is thetime-focusing one the angle divergence of the scattered neutron beam· 
does not influence the d-spacing resolution of HRFD; 2) one may neglect the contribution to the d­
spacing resolution due to finite diinensiqns of an investigated sample, if the gauge volume does not . 
exceed 5x5x5 mm3

; 3) the angle divergence of a direct neutron beam is defined by the mirror neutron 
guide and in our caSe it is 'equal to y=l.4·10-3 'at d = 2 A. Thus, the d-spacing re~olution of the 

_neutron strain scanner is expected to be of R = 1.5·1 o-3 at d = 2 A. Experiments can be made in the: 
d-spacing range from 0.5 to 10 A.. 

THE STRAIN NEUTRON SCANNER 

To begin the program of investigations of strains in bulk specimens the simplest neutron 
scanner is designed to accomplish three orthogonal X, yand z displacements'ofa sample and rotation 
about the vertical axis. The carrying capacity of this. device is 100 kg. 

However, with this scanner one cannot measure the full strain tensor .I e I in the gauge volume. 
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To do this the investigated sample must be rotated about the center of the gauge volume so that the 
scattering vector Q which bisects the angle between the incoming and outgoing beams will scan this 
volume in a rather large angle range: so;' the strain e in the direction of the vector Q is defined with 
sixcomponentseik(i,k';"x,y,z)ofthetensor lei: · · - . 

' • : .·· ~ v:· . e(l, m, n) = 12exx + m2'\y + n2~ + 2lme.y + ~nin':\z+ 2nl~.... . ~. . . :~- ( 4) 
where (1,-rn, n) are the. direction cosines of the veCtor Q, and at least six measurements are needed 
fordeterminationofthetensor lei ingeneralcase.<:~·-· · ·· · i' .. · 

;· ,, The 'simplest. from the practical poirit of view way to perfoim this rotation is the scanning o( 
the vector Q over the surface of the 90° -cone which apex lies in tlie centre of the gauge volume: For I 
example, if the scan is accomplished with a step of 45° in the angle range from 0° to 360°, eight 
measurements ofe(l, m, n) can be made: . ; 
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SUMMARY'· 

' . .__ w<! 
_·The study of the HRFD capabilities shows that the designed neutron scanner will have the time · 

and. spatial resolution sufficient for determination of residual strain profiles in bulk specimens up to 
40 mm _depth, The Reitveld profile refinement of all measured reflections gives the sifain value 
averagi:d over the gauge volume (macrostrain). Good statistics per reflection are riot necessary for 
satisfactoiy refinement. Fitting of individual reflections allows one to obtain information· about 
microstrains. · · . 
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BanarypoB A.M. HAP· 
Bo3Moxiioe HCnOJib30BaHHe <iJypbe-AH<iJpaKTOMerpa 
BbiCOKOI"O pa3pemeHH.si Ha peaKTOpe llBP-2 
AJI.sl H3MepeHH.si MeXamNeCKHX Ae<l>opMa~ 

B 1992 r. Ha BblcoKonoTo'IHOM HMnyJibCHOM peaKTOI 
HOBbiH <iJypbe-AH!l>paKTOMeTp BbiCOKOI"O pa3pemeHH.si Cl>; 
o6paTHOI"O BpeMeHH nponera. llapaJIJieJibHO C BblflOJIHf 
AOBaTeJibCKOH nporpaMMbl CTpyKTypHbiX H3MepeHHH I 

AHTb H3MepeHH.si MeXaHH'IecKHX Ae<iJopMaU,HH B Mace 
::noro npoeKrnpyerc.si :HeiiTpoHHbiH cKaHep, o6ecne11H: 
no TpeM OJYfOI"OHaJibHbiM OC.siM H Bpam;eHHe BOKpyrBep~ 
MHpyiOm;a.si CHCTeMa Ha naAaiOID;eM H pacce.siHHOM nyq 
MHHHMaJlbHbiH H3Mep.sieMbiH ofu,eM 2 X 2 X 2 MM

3
• B Ki 

TpoHOB HcnoJib3yerc.si aHcaM6Jib H3 cu,HHTHJIJIHpyrom 
HCflOJib30BaHHeM BpeMeHHOH <iJoKyCHpoBKH, pacnOJIO)JC 
.siHH.si 90•. Ba3a nponeTa paaHa 30M. TipoeKTHOe pa3I 
li d/ d = 0,0015 npH d = 2 A . .D:Hana3oH H3MepeHHH o~ 

Pa6ina BbinonHeHa B Jia6opaTopHH HeiiTpOHHOH q 
Coo6m.eHHe 06-heAHHeHHOro HHCTHT)'Ta SIAepHbiX HCCJieA< 

Balagurov A.M. et al. 1 

Possible Utilization of High Resolution Fourier Diffra 
at ReactoriBR-2 for Strain Measurements 

In 1992 · the new high resolution reverse 
diffractometer HRFD. was. put into operation at the 
IBR-2. In parallel with main research program for stn 
proposed to perform strain measurements in bulk : 
purpose the simplest neutron strain scanner is being 1 

z vertical movements and rotation about a vertical axi: 
for incoming and outgoing neutron beams allows 
measured volume of 2 x 2 x 2 mm3• The neutron de1 
scintillation 6Li-glass assembly at the scattering an~ 
about 30 m. The desing d-spacing resolution of tl 

li d/ d = 0.0015 and d-spacing range.- from 0.5 to 1 
The investigation has been performed at the 
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