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The de ter mi na tion of re sid ual strain/stress and tex ture
through the spher i cal har mon ics ap proach is be com ing a
route of choice for many re search ers. The method can yield 
the full tex ture-weighted strain ori en ta tion dis tri bu tion
func tion for ar bi trary crys tal and sam ple sym me tries. How -
ever, this ap proach re quires the mea sure ments of
interplanar spac ing of the sev eral Bragg re flec tions at mul -
ti ple sam ple ori en ta tions. Thus, en ergy-dispersive mea -
sure ments and mul ti ple de tec tors are very use ful. We give
an ex am ple of the neu tron TOF mea sure ments car ried out
at the LANSCE SMARTS sta tion on the de formed ura -
nium sam ples. We re port the av er age mac ro scopic strain

and stress ten sors, as ap plied to the orthorhombic crys tal
sym me try and gen eral triclinic sam ple sym me try of the
sam ple. The strain ten sor was de ter mined by the
least-squares re fine ment of interplanar spac ings for 19
Bragg re flec tions, as de ter mined from the neu tron TOF. An 
an nealed ura nium plate was used as a ref er ence sam ple,
thus pro vid ing ref er ence interplanar spac ings for all 19 re -
flec tions. The re sult ing strain and stress ten sors show
strong shear com po nents that could not be de tected through 
the mea sure ments cus tom ary car ried out along a few prin -
ci pal di rec tions in the sam ple.
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NONUNIFORM SUBSTRUCTURE OF TEXTURED METAL MATERIALS:
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Most data on the struc ture of metal ma te ri als, ac ces si ble by
use of the stan dard X-ray meth ods, re late only to grains of
some ori en ta tions, be ing in the re flect ing po si tion by X-ray
mea sure ments. Mean time, al most all tech no log i cal treat -
ments of metal ma te ri als lead to for ma tion of spe cific crys -
tal lo graphic tex tures, so that metal be comes sim i lar to a
com pos ite, whose com po nents con sist of grains with dif -
fer ent ori en ta tions. Prehistories of these grains dif fer in
plas tic de for ma tion mech a nisms, tra jec to ries of re ori en ta -
tion, strain hard en ing and, as a re sult, the sub struc ture of
tex tured ma te rial proves to be sharply inhomogeneous. In
or der to de scribe real metal ma te ri als from such point of
view, a new ef fi cient X-ray method of Gen er al ized Pole
Fig ures (GPF) was de vel oped [1]. The method al lows to
ob tain in for ma tion about grains of all pos si ble ori en ta tions
and con sists in diffractometric reg is tra tion of the X-ray line 
pro file by each suc ces sive po si tion of the sam ple in the
course of tex ture mea sure ment, so that for planes {hkl} of

all ori en ta tions (y,j) dif frac tion or sub struc ture pa ram e -
ters are mea sured. 

Ob tained re sults are pre sented as GPF, that is dis tri bu -
tions of  mea sured and cal cu lated X-ray dif frac tion or sub -
struc ture pa ram e ters in the ste reo graphic pro jec tion of the

sam ple de pend ing on the ori en ta tion of re flect ing crys tal lo -
graphic planes {hkl}. Among main dif frac tion pa ram e ters
there are in te gral in ten sity I of the reg is tered X-ray line

(hkl), its an gu lar po si tion 2q and the phys i cal half-width b,
frac tion of the Gauss func tion in the ap prox i mated line pro -
file; among sub struc ture pa ram e ters, which can be cal cu -
lated by X-ray data, – size of co her ent do mains D,

interplanar spac ing dhkl, lat tice dis tor tion e, dis lo ca tion

den sity r and some oth ers. The nor mal ized GPF Ihkl(y,j) is 
the usual tex ture pole fig ure {hkl}. The dis tri bu tion of peak 

po si tion GPF 2qhkl(y,j) can be re cal cu lated into the dis tri -

bu tion of lat tice elas tic de for ma tion GPF Dd(y,j)/dav along 
crys tal lo graphic axes <hkl>, where dav - av er age weighted

interplanar spac ing and  Dd(y,j)=d(y,j)-dav with signs
“+” or “-“ for cases of lo cal elas tic ex ten sion or con trac -
tion, re spec tively. 

Since the phys i cal half-width bhkl de pends on frag men -
ta tion of grains / dis tor tion of their crys tal line lat tice and
the peak po si tion is de ter mined  by interplanar spac ing

along the nor mal to re flect ing planes, GPF bhkl and GPF

2qhkl give the full est ac ces si ble de scrip tion of sub struc ture,
formed in tex tured metal ma te ri als. Ap pli ca tion of this
method re sulted in dis cov ery of new, for merly un known
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reg u lar i ties, con trol ling the sub struc ture nonuniformity  in
metal ma te ri als both af ter plas tic de for ma tion and ther mal
treat ment [2-5].

It was found that, de pend ing on the ori en ta tion of re -

flect ing planes, the phys i cal half-width b of the reg is tered

X-ray line can vary from 10¸15 an gu lar min utes up to

1.5¸2 de grees and even higher. The ac tual up per limit of
line broad en ing is be yond reach for de tec tion, since usu ally 
the wider is the X-ray line the lower are both its in ten sity
and the mea sure ment ac cu racy.  Hence, in the same sam ple
the sub struc ture con di tion of crys tal lites var ies within a
very wide range: side by side with large blocks, hav ing the
rel a tively per fect lat tice, there is a frac tion, char ac ter ized
by ex tremely small co her ent do mains and/or the ut most lat -
tice dis tor tion. When com par ing po si tions of max ima and

min ima in GPF Ihkl and GPF bhkl, it be comes ev i dent that
min ima of line broad en ing co in cide with tex ture max ima,
whereas max ima of line broad en ing are lo cal ized within
tex ture min ima. In other words, the dispersity of co her ent
do mains and the lat tice dis tor tion are min i mal in tex ture
max ima and in crease up to high est val ues by pass ing to tex -
ture min ima. This is the most gen eral rule, con trol ling the
sub struc ture inhomogeneity of tex tured ma te ri als. Sub -
struc ture dif fer ences be tween tex ture max ima and tex ture
min ima are ex plained on the ba sis of tex ture for ma tion
mod els by use of  the con cepts of ori en ta tion sta bil ity, suc -
ces sive re tar da tion and ac ti va tion of slip sys tems, frag men -
ta tion of grains due to fluc tu a tions of their ori en ta tion
about the sta ble po si tion. 

It be comes ev i dent by con sid er ation of GPF 2qhkl  (or

GPF Ddhkl/dav) for de formed ma te ri als, that the interplanar
spac ing dhkl changes con tin u ously, when pass ing from one
re gion of GPF to an other, dif fer ing in the ori en ta tion of re -
flect ing planes. Hence, the con cept of interplanar spac ing
as ap plied to tex tured sam ples has a sense only on con di -
tion that it is de ter mined as a dis tri bu tion. More over, an

inhomogeneous dis tri bu tion of dhkl has place not only in de -
formed polycrystals, but even in rolled sin gle crys tals with
the sharp one-com po nent tex ture. As a re sult of roll ing,
within the sin gle crys tal two subcomponents prove to be
formed, close by ori en ta tions and dif fer ing in types of elas -
tic de for ma tion (ex ten sion or com pres sion) along the same
cu bic axes.

A com mon fea ture of GPF 2qhkl (or GPF Ddhkl/dav) is the 
cross-wise pat tern, con sist ing in al ter na tion of quad rants
with op po site pre dom i nant signs of elas tic de for ma tion. . It
is seen that zones of ex ten sion and com pres sion tend to be
aligned par al lel with tex ture max ima at their op po site
slopes. When the roll ing tex ture is multi-com po nent and
shows sig nif i cant scat ter ing, the dis tri bu tion of lat tice elas -
tic de for ma tion looses par tially its clear ness and be comes
more com pli cated. But even in these cases a pre dom i nance
of ex ten sive or com pres sive microstrains re mains ev i dent
within al ter nat ing quad rants of GPF. The re vealed reg u lar -
ity of inhomogeneous microstrain dis tri bu tion pro vides the 
equi lib rium of re sid ual microstresses in rolled tex tured ma -
te ri als and can not be pre dicted by men tal mod els. 
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The non de struc tive struc ture char ac teri sa tion of sur face
lay ers for var i ous kind of fa tigue ex per i ments and ma chin -
ing of heat-treated steels and stain less steels or other ma te -
ri als hav ing metastable phase can be a pow er ful tool in
sur face en gi neer ing. These kinds of treat ments can cause
phase trans for ma tion and/or non-uni form plas tic de for ma -
tion in sur face layer. It is con nected with vol ume change
and non-uni form elasto-plas tic de for ma tion, which cre ate
re sid ual macro and/or mi cro-stresses. These char ac ter is tics 
are gra di ent-like in mostly sim i lar cases. 

An ap pli ca tion of clas si cal X-ray dif frac tion sin2y
method and clas si cal Bragg-Brentanno dif frac tion ge om e -

try in these kinds of ex am i na tions make some prob lems in
term of X-ray real depth of pen e tra tion. The
Bragg-Brentano dif frac tion ge om e try is char ac ter ised by
par al lel dif fract ing crys tal lo graphic plains {hkl} to the sur -
face and non-lin ear in crease of ef fec tive depth of X-ray

pen e tra tion when Bragg an gle (q) in creases, con trary 

when sin2y method is used.  An ap pli ca tion of g-sin2y
method which is based on graz ing an gle X-ray dif frac tion
ge om e try made pos si ble to get real value of re sid ual
macro-stresses and ad di tion ally could be suit able in es ti -
ma tion of their gra di ent-like dis tri bu tion. An ap pli ca tion of 
this ge om e try to X-ray dif frac tion phase anal y sis en abled



to get phase con tents ver sus thick ness un der sur face in
non-de struc tive way. 

Sur face prep a ra tion is usu ally de manded treat ment like
grinding and/or pol ish ing be fore coat ing de po si tion. The
grinding and pol ish ing of austenitic steel can cause phase
trans for ma tion of aus ten ite and non-uni form plas tic de for -
ma tion in sur face layer. 

The X-ray quan ti ta tive phase anal y sis was used to es -
tab lish vol ume frac tion of trans formed aus ten ite.  The o ret i -

cal cal cu la tion of re sid ual macro-stresses due to vol ume
frac tion of trans formed aus ten ite in stain less steel and fol -
low ing mea sure ments of re sid ual stresses were cur ried out
as well. 

Grind ing and pol ish ing of sam ples caused big com pres -
sive re sid ual stresses and phase trans for ma tion of aus ten ite
in thin sur face layer. These fac tors can in flu ence on prop er -
ties of fol low ing de pos ited coat ings.
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OXIDE EPITAXIAL FILMS
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It is well known that the real phys i cal prop er ties of thin
films are of ten greatly in flu enced by the microstructural
char ac ter is tics of the film. Among microstructural pa ram e -
ters the state of strain of the film is prob a bly one of the most 
im por tant. Dur ing the last de cade a large amount of work
has been de voted to the de ter mi na tion of strains and strain
gra di ents in epitaxial thin films. Nev er the less, most of the
stud ies are re lated to semi con duc tor or me tal lic thin films.
Since sev eral years we are de vel op ing spe cific x-ray dif -
frac tion setup and mod el ing tools ded i cated to the study of
nanostructured ox ide ma te ri als [1, 2]. The main spec i fic ity
of those ma te ri als is that they ex hibit high de fect den si ties
as com pared to semi con duc tor ma te ri als.

In epitaxial thin films strains are gen er ally re lated to the 
lat tice mis match across the film – sub strate in ter face. The
strain dis tri bu tion is there fore highly anisotropic and more -
over non con stant along the nor mal to the in ter face. Re -
cently, we pro posed a new ap proach of the de scrip tion of
the strain gra di ent in epitaxial thin films [3]. This ap proach, 
based on the use of B-spline func tions, al lows one to ob tain 
a pre cise de scrip tion of the strain evo lu tion along the nor -
mal to the in ter face. Ex per i ments were per formed on 60 nm 
thick epitaxial zir co nia thin films de pos ited on sap phire
sub strate. As a re sult, we ob served a strongly di verg ing be -
hav ior oc cur ring near the in ter face in the first 5 nm of the
film [3]. In com par i son with the work done on semi con duc -
tor thin films we could imag ine that such be hav ior is re -
lated to the pres ence of mis fit dis lo ca tions. In this
com mu ni ca tion we give fur ther ev i dence of the pres ence of 
such dis lo ca tions and dis cuss the pos si ble ef fects on the
XRD pro files.

The first step in such a study is to choose a con ve nient
sam ple. Pre vi ous TEM stud ies on ZrO2 thin films grown on 
MgO showed that this sys tem ex hib its a sim ple cube on
cube ep i taxy [4,5]. The sam ples were elab o rated through a
spe cific sol-gel pro cess al ready de scribed else where [4]. A
ther mal treat ment of the sam ples at 1500°C dur ing one
hour in duces the for ma tion of zir co nia is lands epitaxied
onto the mag ne sia sub strate. The epitaxial re la tion ships be -
tween zir co nia is land and mag ne sia sub strate where con -

firmed through x-ray dif frac tion q-2q scans and f-scan.
Those re la tion ships are the fol low ings:

(100)ZrO2 // (100)MgO and [001]ZrO2 // [001]MgO

The struc ture of the in ter face as been stud ied by high
res o lu tion x-ray dif frac tion. Re cip ro cal space maps (RSM)
were mea sured us ing a spe cific x-ray dif frac tion setup al -
ready de scribed in de tails [1,2]. The two di men sional in -
ten sity dis tri bu tions were ob tained in a one step
mea sure ment pro ce dure. In spite of a large broad en ing of
the re cip ro cal lat tice points (RLP), those mea sure ments
were per formed in only few hours. For in stance, a RSM in -
clud ing the (200) mag ne sia RLP and the (200) zir co nia
RLP is given fig ure 1. Ac cord ing to the well known ori en -
ta tion con ven tions, Qz is per pen dic u lar to the in ter face and
Qx is ly ing in the in ter face. We re corded such maps at dif -

fer ent val ues of the f an gle and for two or ders of the (h00)
zir co nia planes.

The mean thick ness of the is lands was de ter mined by
line pro file anal y sis per formed on qz sec tions of the (200)
and (400) zir co nia RSM. This mean thick ness is close to t = 
100nm and the root mean squared strain is 0.044%. 

In the MgO/ZrO2 sys tem the the o ret i cal lat tice mis -
match is close to 20% and strain re lax ation is there fore
highly ex pected in par tic u lar through the gen er a tion of
mis fit dis lo ca tions. The pres ence of dis lo ca tions ly ing at
the in ter face must in duce mod i fi ca tion of the scat ter ing
pro file in the Qx di rec tion. A sec tion along this axis, of the
(200) zir co nia RLP is given fig ure 2a. This scan ex hibit a
pe cu liar line shape made of two sym met ri cal shoul ders
around the main peak. It should be no ticed that such line
shapes have al ready been ob served by other au thors in
sam ple con tain ing mis fit dis lo ca tions [6, 7].

The un der stand ing of the phys i cal mean ing of the pres -
ence of those sat el lites re quires the com par i son of sev eral
scans ob tained for sev eral re flec tion or ders. The trans verse
scan of the (400) zir co nia RLP is re ported fig ure 2b. The
two sat el lites are also clearly vis i ble. An in ter est ing fea ture
is that both pro files are per fectly su per im posed (af ter
rescaling by a con stant fac tor) on an an gu lar scale. This 
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dem on strates that the ef fects re spon si ble for this pe cu liar
line shape are lin early de pend ent of the or der of re flec tion
and no size ef fect is ob served. Such be hav ior is char ac ter is -
tic of a dis or der that is ro ta tional in na ture [8]. In par tic u lar,
the ad di tion (or substraction) of half planes not per pen dic u -
lar to the in ter face (e.g. with a non zero z-com po nent of the
Bur gers vec tor) can ex plain such a be hav ior. The pres ence
of the two sec ond ary max ima could be re lated the ex is tence 
of two equiv a lent glide planes for those dis lo ca tions.

Fur ther de tails con cern ing the XRD anal y sis as well as the
pos si ble slip sys tems will be given at the con fer ence.
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The aim of this con tri bu tion is to pres ent a com par a tive
anal y sis of mac ro scopic re sid ual stress dis tri bu tion in the
sur face lay ers of shot-peened steel sam ples by means of
X-ray dif frac tion and semi-de struc tive ring cut ting tech -
nique.  

Shot peening pro cess con sists of the con trolled bom -
bard ment of the metal sur face by spher i cal shot in clud ing
steel shot, steel and stain less steel pieces of wire, ce ramic
or glass beads. The shots may be driven by a high ve loc ity
stream of air or liq uid or by me chan i cal de vice in which the

shots are fed into a ro tat ing wheel and thrown at the de sired 
ve loc ity. The treat ment causes plas tic flow of the sur face
lay ers, thereby in duc ing sur face com pres sive stresses,
change of microstructure and may cause phase trans for ma -
tion in the sur face lay ers.

How ever, there is not a sim ple re la tion ship be tween the
pa ram e ters of shot peening and the course of re sid ual
stresses in duced in the sur face lay ers of treated ma te ri als
[1,2]. Fi nal re sults of shot peening de pends on its con di -
tions and on prop er ties of treated ma te rial in clud ing
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and the (200) mag ne sia RLP. 
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microstructure and crys tal lo graphic struc ture. There fore
re li able meth ods of ex per i men tal stress anal y sis have to be
ap plied for con trol of the re sul tant state of re sid ual stresses.

X-ray dif frac tion is the most ac cu rate and best de vel -
oped method of quan ti fy ing the re sid ual stresses pro duced
by sur face treat ments such as shot peening, and the method
is widely used in au to mo tive and aero space ap pli ca tions.
X-ray dif frac tion is ap pli ca ble to most polycrystalline ma -
te ri als, me tal lic or ce ramic, and is non-de struc tive at the
sam ple sur face.

Clas si cal X-ray meth ods are lim ited to rel a tively
fine-grained ma te ri als; the most ex per i men tal er rors are
caused by ex treme pre ferred ori en ta tion and near-sur face
stress gra di ents.

A com mon me chan i cal meth ods for stresses mea sur ing
in volves the re moval of stressed ma te ri als and mea sure -
ment of the strain re lax ation in the ad ja cent ma te rial [3].
These meth ods are widely used in in dus try for many years,
mostly the hole drill ing method with elec tri cal re sis tance
strain gages. How ever, they are not straight for wardly ap -
pli ca ble for the re sid ual stress de ter mi na tion of shot peened 
sam ples be cause of the steep near-sur face stress gra di ents.
The re moval area has form of ring in the ring cut ting tech -
nique and the strain re lax ation is mea sured in the cen tre of
the ring. The use of fi nite el e ment cal cu la tion is al ways
needed for the in ter pre ta tion of re sults.

Shot peened plates were pre pared from steels Cz grade
12050 (sam ple A), Cz grade 14220 (sam ple B), Cz grade
19312 (sam ple C) and PN 17145 (sam ple D). 

A w-goniometer was used to mea sure the dif frac tion

line a-Fe {211}. In or der to de ter mine the stress gra di ent
be neath the sam ples sur face, the lay ers were grad u ally re -
moved by elec tro lytic pol ish ing. 

Dis tri bu tions of mac ro scopic re sid ual stresses ob tained
are plot ted in Fig.1. Sur face re sid ual stresses (MPa) ob -

tained in two di rec tions j = 0° and j = 90° per pen dic u lar
each to an other are sum ma rized in the Tab.1.

Tab.1. Sur face re sid ual stresses [MPa]ob tained by sin2y  method 

Sam ple Ori en tati on   = 0° Ori en tati on   = 90°

A -496 ±  42 -485 ±  33

B -358 ±  15 -363 ±  9

C -339 ± 12 -319 ± 18

D -628 ± 36 -676 ± 72

The ste reo-im age tech nique for strain mea sure ment
was used at the ring cut ting method. The maps of strains
were ob tained by the ste reo-com par i son of the im ages
taken be fore and af ter the ring cut ting pro cess. Stress re lax -
ation was mea sured in the in ner part of the ring. The ring
di am e ters were: in ner ra dius 1.07 mm; depth 3.50 mm;
width 1.70 mm.  The ring was re moved by elec tric-cor ro -
sive pro cess in pe tro leum bath. The val ues of stresses were
cal cu lated from the maps of shifts us ing Hook’s law.

The re sults of both meth ods were com pared us ing the
fi nite el e ment anal y sis. Tab. 2 shows the com par i son of

stresses cal cu lated by fi nite el e ment model with in put from
X-ray de ter mined stress pro files with stresses eval u ated by
the ring cut ting method.

X-ray dif frac tion was found as the most ac cu rate
method for quan ti fy ing the re sid ual stresses but ex tremely
time-con sum ing (one depth dis tri bu tion - about 10 hours)
that can be a big dis ad van tage in the pro cess of qual ity con -
trol test ing. 

Ring cut ting mea sure ment is not so lengthy but, on the
other side, does not give any in for ma tion about depth pro -
file. The val ues of sur face stresses for both meth ods are in a 
good agree ment de spite near-sur face stress gra di ents in
sam ples. Fi nite el e ment anal y sis showed us that more de -
tailed anal y sis of mea sured shifts in the ring cut ting method 
can give ad di tional in for ma tion about depth of stressed
layer. How ever, more ac cu rate sys tem for shift mea sure -
ment is needed. 

Tab.2.  Com par i son of stresses [MPa] eval u ated by ring cut ting
method and cal cu lated by FEM from depth pro files 

Sam ple
Ring cut ting
method

Cal cu la ted by
FEM

A -696 ± 66 -600

B -444 ± 72 -407

C -241 ± 54 -381

D -708 ± 105 -674
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Fig.1. Depth pro files of re sid ual stresses ob tained by means of

sin2y method in the sur face lay ers of shot-peened sam ples
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STUDY OF MARTENSITIC TRANSFORMATION IN FATIGUED STAINLESS STEEL BY
NEUTRON DIFFRACTION STRESS ANALYSIS
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The elastoplastic prop er ties of an austenitic ma trix and
martensitic in clu sions in duced dur ing cy clic ten sile-com -
pres sive load ing of low car bon metastable austenitic stain -
less steel were stud ied dur ing in situ neu tron dif frac tion
stress rig ex per i ments on the ENGIN in stru ment at the ISIS 
pulsed neu tron fa cil ity, with the aim of study ing the ef fects
of fa tigue on the phase elas tic stiff ness.

Two sets of sam ples were pre pared from the austenitic
steel AISI 321. The first set of sam ples (an nealed at 1050

°C and quenched in wa ter) was cy cled un der strain con trol
with strain am pli tude of 1% at a fre quency of 0.5 Hz
(low-cy cled fa tigued (LCF) sam ples). The sec ond set

(1070 °C / quenched in air) was cy cled un der stress con trol
with stress am pli tude of 330 MPa at 5 Hz (high-cy cled fa -
tigued (HCF) sam ples).

Sub se quent ap plied stress - elas tic strain re sponses of
the austenitic and martensitic phases for both ax ial and
trans verse di rec tions rel a tively the ap plied load axis were
ob tained by Rietveld and Le Bail re fine ments of the neu -
tron dif frac tion spec tra, and were used to de ter mine the
elas tic con stants of the phases as a func tion of fa tigue level.

An un usual phe nom e non is ob served for both sets of
sam ples, viz. non lin ear be hav iour of martensite elas tic re -
sponse in the plas tic re gion, while the aus ten ite elas tic re -
sponse re mains lin ear through out the mea sured stress
range up to 500 MPa. This ef fect was in ter preted as the ad -
di tional microstresses in duced by the ap plied load in the
martensite phase in the plas tic re gion, pro vid ing the most
likely mech a nism for the un usual strain re sponse of the
phase.

Re sults of LCF-sam ples study may be sum ma rized in
the fol low ing way:

- a clear trend of in creas ing Young’s modulus with fa -
tigue level was noted in the aus ten ite ma trix;

- the ra tios of elas tic con stants for trans verse and ax ial
di rec tions in both aus ten ite and martensite are close to ex -
pected based purely on the value of the Pois son’s ra tio;

- the re sid ual strains in the austenitic ma trix were de ter -
mined as a func tion of fa tigue cy cling, us ing a noncycled
sam ple as a ref er ence sam ple; a weak ten sile strain of the
aus ten ite ma trix is ob served in both di rec tions; such de ter -
mi na tion for martensite was im pos si ble for lack of a ref er -
ence sam ple;

- the re sid ual macrostresses and the deviatoric com po -
nents of the phase re sid ual microstresses were de ter mined
as sum ing that the elas tic prop er ties of both phases are sim i -
lar; the aus ten ite phase shows a com pres sive deviatoric
stress in the ax ial di rec tion, while the martensite shows a
bal anc ing ten sile deviatoric stress in this di rec tion; the
mag ni tude of the aus ten ite deviatoric com pres sive stress
in creases with fa tigue, how ever the ten sile deviatoric stress 
in the martensite de creases in mag ni tude, cor re spond ing to
the in creas ing vol ume frac tion of martensite.

Among re sults of HCF-sam ples study note only one
more un usual phe nom e non in the martensite phase: the ax -
ial and trans verse elas tic con stants of aus ten ite and
martensite are dis tinctly dif fer ent, es pe cially clear in the
trans verse di rec tion; the ra tio of ax ial and trans verse elas tic 

con stants for martensite is al most twice that ob served (of »
0.28) in aus ten ite phase of the HCF-sam ples and in both
phases of the LCF-sam ples, and that ex pected based purely
on the value of the Pois son’s ra tio; the mech a nism for this
un usual be hav iour is un clear, but may be linked to the
shape of the martensite.

In ves ti ga tions de scribed in lit er a ture have in di cated a
dif fer ent mor phol ogy of the martensite phase as a func tion
of the cy cle fre quency; they have also re vealed a re mark -
able dif fer ence in the martensite trans for ma tion prop er ties
be tween the stress- and strain-con trolled tests. We plan to
per form se ries neu tron ex per i ments with the aim of clar i fi -
ca tion of the ob served phe nom ena.
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