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Computer indexing Laue diffraction pattern, the determination of
the crystallographic orientation of the grains relative to the main
directions in the crystal and the Schmid factor for all slip systems
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We describe a technique of computer indexing Laue patterns, determining the crystallographic orientation of the single-crystal
sample (or a single grain of a polycrystal) relative to the main directions in the crystal, and Schmid factors for all systems sliding
without the use of construction of a stereographic projection of the normals to the reflecting planes.

The basic algorithm of this procedure is to define and build a system of unit vectors of the normals to the Laue diffraction pattern,
and according to the terms of her shooting, similar to the definition of the radius vector to the crystallographic orientation of the crystal
planes known, combining them into a single computer center and a reversal of these systems relative to each other before the match
First the radius vector with a portion of the latter. Thus, the indices of the reflecting planes are determined to Laue spots. After the Laue
diffraction pattern indexing program to determine the crystallographic orientation of the studied sample and Schmid factor values for
all slip systems.
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OmnucaHa KOMIDIOTEpHA METOAMKA 1HIULIIOBAHHS JIayerpaMMH, BU3HAYCHHsI KpuctanorpadidHoi opieHTanii MOHOKPHUCTATIYHOTO
3pa3ka (abo OKpeMoro 3epHa MONIKPUCTaIa) 010 OCHOBHUX HANPSIMKIB y KpHcTaii i (hakropis [lIMina muist Beix cucteM koB3aHHs Oe3
BHKOpPHCTaHHS NOOY10BY cTepeorpadiqHoi mpoeknii HopMaiei 10 BiTOMBarOYNX TUIOIIHH.

OCHOBHHUM QJITOPUTMOM I1i€] METOJMKH € BU3HAYCHHS Ta MOOYZ0Ba CUCTEMH OJMHUYHHMX BEKTOPIB HOpMaJel 10 BiIOMBAaIOUHX
TUTOIIMH 32 IJAHUMHU JIAyeTpaMMH 1 yMOB 11 3HOMKH, aHAJIOT14H1 BU3HAYEHHS CHCTEMH Pajiiyc— BEKTOPIB 0 KPUCTATIOrpadiyHIX TIIOIIHH
BiZIOMOi Opi€HTAaLii KpUCTalia, CyMIIIEHHS 1X B OAWH LHEHTP 1 KOMIDIOTEPHE PO3BEPTAHHS LIMX CHCTEM BiJHOCHO OMH OJHOTO 10 30iry
MePILINX PaJiyc BEKTOPIB 3 YACTUHOIO OCTAaHHIX. TaKUM YMHOM, BU3HAYAIOTHCS 1HAEKCH BiIOMBAIOYMX IUTOLIHMH JJIst layerpamMu. [licist
IH/IIIIII0BaHHS JJayerpaMMH IIporpamMa J1a€ MOXKJIMBICTh BU3HAYNTH KpUCTaJIOrpadivHy Opi€HTAMNiI0 TOCTIPKEHOTo 3pa3ka Ta 3HAYCHHS
¢axropa IlImina 1u1st BCiX cuCTEM KOB3aHHSL.

Kio4oBi cji0Ba: KOMIDIOTEpHA METOANKA, OMHHUYHI BEKTOPH, KpHcTanorpadidna opieHTais, ¢paxrop [lImima.

OmnycaHa KOMIBIOTEpPHAas METOAMKA WHIMLMPOBAHMS JiaydrpaMM, OIpPEACNCHHUs KpUcTaorpa@uyeckoldl OpHUeHTalnu
MOHOKPHCTAJUIMYECKOro 0o0pasia (WM OTAENBHOrO 3epHA IMOJIMKPUCTA/LIA) OTHOCUTENIBHO OCHOBHBIX HAIPABICHHH B KpHCTAJIE
n ¢axropos IlIMuna a1 Bcex CHCTEM CKOJBKEHHs Oe3 MCHOJIB30BAHUS IIOCTPOCHUS CTepeorpaMIeckoil MpOoeKnny HOpMalleH K
OTPaKAIOIIMM ITOCKOCTSIM.

OCHOBHBIM AJTOPHUTMOM 3TOH METOAMKH SBISETCS ONpENeNICHHE U MOCTPOCHUE CHCTEMBlI eIMHUYHBIX BEKTOPOB HOPMAlleH K
OTpPaKAIOIIIM TUIOCKOCTSIM IO JAHHBIM JIAy3TPAMMBI H YCIOBHAM €€ ChEMKH, aHATOTHIHbIE OTIPEIENICHUS CHCTEMBI PaInyC — BEKTOPOB
K KpUCTaJIOrpauuecKiM IIOCKOCTSIM H3BECTHOH OPHUEHTALMM KPHCTA/lla, COBMELIEHHE MX B OAMH LIEHTP M KOMIIBIOTEPHBII
Pa3BOPOT 3THX CHCTEM OTHOCHTENBHO APYT ApyTa J0 COBIAJICHUS IEPBBIX PaJilyC BEKTOPOB C YaCThIO MOCHeAHNX. TakuM oOpasom,
OIIPEEISIIOTCSl MHJIEKCHl OTPaXKAIOMNX IDIOCKOCTeH I JlaysmsteH. [locie MHANIMPOBAHMS JIaySrpaMMBbl IIPOrpaMMa MO3BOJISIET
OIIPEENUTE KPUCTAIIOrPAQUIECKYI0 OPHUEHTAMIO HCCICIOBAaHHOTO oOpasna M 3HadeHMs Qakropa Illmuma 1nius Bcex cucTeM
CKOJTBKEHHS.

KnroueBble ci10Ba: KOMIOBIOTEPHAS] METOAMKA, CAMHUTHBIE BEKTOPA, KpHUCTamIorpadmyeckas opuenranus, ¢paxrop Hmuaa.

Introduction and determining mechanical features of monocrystalline

It is well-known, that all crystaline bodies due to
their structure are anisotropic, i.e. their physical properties
depend on crystallographic direction. In most cases,
it concerns mechanical properties. That is why, while
researching pattern of development of plastic deformation

samples or separate grains of polycrystalls, the main
condition is determining of their crystallographic
orientation. For this reason, as a rule, a well-known X-ray
Laue method is used[1]. The deciphering of lauegram,
where each reflex (laue — spot) is a reflection of definite
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crystallographic plane with indexes (hkl), allows to
determine crystallographic orientation of monocrystaline
sample for separate grains of polycrystal in relation to the
main directions in the crystal (for cubical crystals this is
[001], [110], [111]).

Traditional and single method [2,3] of deciphering of
lauegrams included building stereographic projection of
normals to reflected planes with known indexes (according
to the lauegram) and its comparison to similar stereographic
projections of normal to planes with known indexes, built
in advance, for crystals with different crystallographic
orientation. This method is pretty demanding and not
always gives unambiguous results.

Lately appeared the works [4], where the method
that eliminates the building of stereographic projection of
normals to reflections planes is described. The algorithm
of this methodology is geometrical determination of
angles between reflecting planes, taking into account the
conditions, received with the help of lauegram, and their

b

Fig. 1. Images of scanned (a) and edited (b) lauegram,
received from one of grains of polycrystalline.
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Fig. 2. The graph of building radius — vectors on,
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comparison with the angles between the directions of
crystal bar with known indexes. This methodology greatly
simplifies the procedure of indexing of lauegram, but it
does not allow to completely automatize the method of
determining crystallographic orientation of researched
sample — monocrystalline.

The aim of this article is to review and approbation
algorithm of the method of indexing of lauegram and
determining the crystallographic orientation of grain in
relation to the main directions in the crystal and Shmidt's
factor for all glide systems.

Results and discussion
The algorithm of the method of indexing of lauegram
and determining the crystallographic orientation of grain in
relation to the main directions in the crystal and Shmidt's
factor for all glide systems.

cn

Fig. 3. The graph of building single vectors of normal
ﬁn to reflecting planes: S- sample; Ln — reflecting

plane, k — is unit vector of the axis Z.
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Fig. 4. Single radius — vector of normals to crystallographic planes with given indexes ﬁhkl (a), reflecting planes P

(based on data from lauegram) (b) and results of their comparison (c).

Above is shown the description of computer method,
which allows in automatic mode to index lauegram,
determine crystallographic orientation of the sample
relative to the main directions in the crystal and the number
of Shmidt's factor for all glide systems.

The preparatory stage of this method is scanning of
obtained lauegram, its editing to determine weak reflexes
and storing it in one file. In figure 1, as example, the
lauegram before (a) and after (b) editing is shown.

Further, the orthogonal system of numbers is presented
of axis XYZ, where X — is direction of axis of stretching
(the bottom part of the film), Z — is the direction, opposite
the X-Ray bunch and the numbering of the reflexes of
lauegram (n) and its center (c) is made (Fig.2).

The next stage is determining the radius — the vector

—_

of laue spots on and oc, the vectors cn

—_— — ——

(cn=on-oc), and their coordinates (Fig. 2) and
determining single vectors of normals to surrounding

planes ( ﬁn ) for laue spots. The diagram of this determining
is shown in figure 3.

From the figure we can see that if the distance sample—
film (H) is known, the unit vector of normal to reflecting
plane Ln can be determined by the following method:
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where a, =cn— H 'k, k- is unit vector of the axis Z,

n — is the number of laue spots.

Determination of similar unit radiuses-vectors for
planes with known indexes (hkl) for researched crystal is
made by the formula:
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where h, k, 1=0, £1,£2,...,#n.
The last stage of this method is graphic building of

unit radiuses — vectors P, and B, (Fig. 4.a,b, ¢) with
common center.

Fig. 5. Results of indexing of lauegram.

Computer program allows to find optimal common
place of specters of vectors P, and P;,kl in the space,
which leads to co-inciding of vectors P, with part of

vectors P, , so that it allows each laue spot to allocate

indexes to reflecting plane (hkl) (Fig. 5).
If on the lauegram there are no reflexes from
crystallographic planes, normals, to which they are the

33



Computer indexing Laue diffraction pattern, the determination of the crystallographic orientation of the
grains relative to the main directions in the crystal and the Schmid factor for all slip systems

main crystallographic directions, they are determined based
on the results of indexing of the lauegram, taking into
account known angle correlation in crystalline bar between

= — —

Table 2

Glide systems 1 2 3 4 5 6

directions. Determining of vectors £y, F,,, £, in the
system X,Y,Z, connected to the crystal allows to determine Shmidt's factor | 0,46 | 0,37 | 0,35 { 0,30 | 0,27 [ 0,21
angle correlation between X,Y,Z and })100’ :10, }3“1 )
(table 1). Glide systems 7 8 9 10 1 | 12
Table 1
Shmidt's factor | 0,17 | 0,16 | 0,09 | 0,06 | 0,05 | 0,01
[100] [110] [111]
X 32 24 20
Y 19 28 31 Conclusion
V4 24 35 23 1. Computer method is developed, which allows to
index lauegram, determine crystallographic orientation
Finally, using the correlation for determining of monocrystallines (separate grains of polycrystalline)

Shmidt's factor (m = cosa-cosp, where a — is the angle
between direction of axis of stretching and glide plane,
¢ — angle between normal to glide plane and direction of
axis of stretching) (Fig. 6) can be determined Shmidt's

factor for all glide systems (table 2): (11D)[0T1],
(11D[101] (11D[110], (11D[110], (1 11)[101],
(TTp[o11] (1p[1o1] (11D[OT1] (111[110]
(1TD[101] (11D[O11] (1TD[T10],
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Fig. 6. The graph of determining Shmidt's factor:

1 — glide plane (one of the planes {111}); o — axis of

stretching of sample; 7 —normal to the glide plane, ¢ —
angle between the normal to the glide plane and direc-
tion of axis of stretching, a — angle between the direction
of the axis of stretching and glide plane.

It should be mentioned, that offered method does not
require difficult process of building and using stereographic
planes.
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relative to the main directions in the crystal and Shmidt's
factor for all glide systems.

2. The main algorithm of this program is determining
and building the system of single radiuses — vectors of
normal to reflection planes (based on data of lauegram),
system of similar vectors for crystals with known
orientation and combination of their centers.

3. Computer program allows to determine the optimal
common place of specters of these vectors in the space,
which leads to maximal co-incidence of vectors, so that it
allows to each laue spot to allocate indexes to reflection
plane.
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