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ERMBDOE A
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5ISRZ AR DEDIZXEREIITEIE

Eoty b 7PvD

Spring-8 BL46XU(CH N THITE

MYTHEN
1-dimensional
Tensile X-ray detector
strain

Incident X-ray beam
E =30 keV

Sample

Initial strain rate: 8.3 X 104 /s
At room temperature

Debye-Scherrerring
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Convolutional Multiple Whole Profile (CMWP) fitting &

Ribarik, Gubicza, UngarS(C K> TERESNEXHROIAT T OD 7 1 )LERRES )L
(G. Ribarik, Ph. D. thesis, E6tvos University, Budapest (2008))

{R7E
BIRNEE CTEBRN (CEA SNITRBOMREITE — D DRAKEU T OERNSHKD.
KRRE fmae T ARSI PN ki
Tops. (1) = Linse. (1)) *|Lcnem. (1) |*|Lsize (1)) * [gisy, (1)) * [y p () |+ B G.
{EFHBR 1R IR VKT ALY
J502 R

XomEDFECMOBFRIE (ZF) DFSIER

P TCOERIIEBHFHAHESD (Convolution)CKD> TEM SN TULS.
£ ) * gi) = j £(s) gk — $)ds

f(x) = g(k) Fourier transformation > Flf(x) «gk)] =Flf ()] - Flg(x)]

BHIAAEDTD T — U IER(IBZEZROT - I HOBRNTE SRS,
I:> BELRHRE (TR (Deconvolution) 93 ENTIEEETRD.
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Convolutional Multiple Whole Profile (CMWP) fitting &

V—AI—RDODAFHGE
ITOU > O%TLnuIREBRAI— RE4S5 o> 0— R (EROI - -F&EFZNNE)
http://csendes.elte.hu/cmwp/

MXWEB T URRDEDEH DAERANIC(IHEDBENS LIRLY).
BEDIA -V MNIBEUEERRT —SZ5drAFTHE D & TEAH O EE

NV OIS ROMETE
Tobs.(K) = linst. () * Icpem (1) * Lsize (1) * Igis (1) * Ipf(K) + B.G.

Applet

RTSA > rhfRZERNT
FE CTB.G.ORARZIERE.

v
TDONZEEEZLSIKZET
B.G.OFEZIRE
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Convolutional Multiple Whole Profile (CMWP) fitting &

Iops. (i) = lipge ()
SEERFREHRD E—IRARZ{EZ deconvolutiond B 5%
Step 1: BT E—TOFIRD T — ) TZEHZ KD D.
lops. () = Iinse.(5) * Icpem. (1) * Lsize (k) * Igis (k) * Ipf(K)

Fourier transform

Aobs.(L) — Ainst.(L) | Achem.(L) | Asize (L) ) Adisl.(L) | Apf (L)

Step 2: IR (B F REEN + 2 EXD BRI A) DRI 0T 7 1 )L &
KRR (SAEL, ZNZLL (k) ETFD.

Step 3: I;,,;. (W) DT —UITEHA,, . (L)ZETE T B.

Step 4: A,ps (L) Z Ajnge (L) TEID. (DeconvolutionFe 1)

AO S. L
Aiant_((L)) — Achem.(L) »Agize (L) . Adisl.(L) . Apf(L)
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Convolutional Multiple Whole Profile (CMWP) fitting &

Iops (k) = Ichem. (k)
{EZHHMD D EIFE—VRARICE X DR2E
BETREERIBEFHAXDITRNAEB LU TWLBIEE, TNENDIRFHEN UL
EIEFICOTHNELD. FICEEERBARSE TIEE—TRIRICI T DI pom (k)
DEEHNKRELIRD. (ERCHIEBEDOXRDAIEZIT D EIHZE(CEHELL TULD)
(A. Heczel et al., J. Alloys Comp. 711 , 143 (2017).)

Deconvolution5 &
Step 1: B E—TOFIRD T — U I EEZERDD.

Step 2: T UlzaeRRoEIr O 7ML Z2EREE CRIEL,
%n%linst. (k) * Icpem. (k) 9D,

Step 3: inse. (1) * Ipem ()P T —U TZEMRAinse (L) - Acpem (L) ZETET D,

Step 4: Ayps (L) Z Ajpse (L) + Appom (L) TEID. (Deconvolution5g 1)

AObS.(L) — 4. (L) A (L) A (L)
AinSt-(L) ) Achem.(L) o swe dist. pf

XEERITC A E ) =)L E WD e — I3 nhtE U iHa(E,
o LEMIMLIEZZ X DS EN DDA, SEIOEET (FEDIRIDIRN,
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Convolutional Multiple Whole Profile (CMWP) fitting &

Iops. () = lii,0(K)

faeR FORD O EIFE—IRIRICER SRE

{R7E
ERTFEETEKAT, ZOUAXEFEE m, DEL o?DOWEERDMICHED.

ZDEEL,,,()DT—JITERA,,,, (L)EUTOXTEEEIND.

IL] IL]
ln\/(%’;) |L| erfc [IH\E;LJ — \/fa]
(8

{2

1
Asize (L) = EeTfC

— 1.5v20| —
\/—0} 4mexp(8.12502)

L 3
+41’n3exp(10.12502)| | erfc[

2 (00]
R, erfc(x)=ﬁJ exp(~=t)dt  THB.

EDI1DDT A4 VT4 2T INSGA—S— ¢ FBAEERE)Z LOXITEMNITDZET
ERIX T3 < B OERFEREURETER I B Bk

T. Ungar et al,, J. Appl. Cryst. 34, 298 (2001).
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Convolutional Multiple Whole Profile (CMWP) fitting &

Lops. (i) = Igis1.(xc)
BRI OB E— O MIRICE X DE

{RE
PTCOIRDZNEELOTHD, SAOERDMEISTSFIALATHDETD.

TDESE i (KD T — U ITEMA i, (L) FUAT O TRIRENSD.

s _
. = —_— 212 2 = J= ° =
Agisi. (L) exp[ > pb°L=f(n)g Chkl] SE{ERE)CS A —4
* * 1/2
Iy . ( 1>L »DD e
i n=5exXp\—7|px C : T &b
! 2 4/ R
e T 1 g, ¥
p @ BENTERE Tl 3 d
b : BR{iiMDBurgers’\2J ~NLDEE T 1 -
g . BIIFRDT MLDEE T 1 ¥k
f£(n) : WilkensBg#%
Chi - Average dislocation contrast factor
R} : Effective outer cut radius
M. Wilkens, Phys. Stat. Sol. (a) 2, 359 (1970). M)\ M*K
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Convolutional Multiple Whole Profile (CMWP) fitting &
Iobs.(K) = Idisl.(K)

Dislocation contrast factor (C;;;)

B MED O T AHIBDDMIL, E-fiIdDBurgers/NZJ N LYSERAIDIESE, FEERDMIE
Y (CHTF T D. Wilkens(ZED K DIRIRZZEE I D/=sH(CDislocation contrast
factorEWDINSGA—FZ L TDOLDICEHRL, BINR—ZOETILICEAUTE.

1 2T
Chi1 = _J K*(p)de
T Jy

“ R 27 D cosy; : BN NILOFSERIL
RIEV, K() =) ) (cosricosy, B ox, TP M mEOUTHTIVIL
i=1j=1 xj

Ungars(d, LA EDED RN ZERHEC T DT ICEBRDERAT(C Crp DIFIHEZFHULIZ.

2 h?k? + k%12 + h?[?
(R + k24 12)?

Chit = Croo(1 — qH?)

C CCqlIEAIDIBRRDFELL TRED /IS A—FTHD.

EEDHEMEES =B I SFCC/BCClEmICHITD
ChooPIEIZEA T OXEA CETEEMNRH N TLD.

T. Ungar et al,, J. Appl. Cryst. 32, 992 (1999). 9 /



Convolutional Multiple Whole Profile (CMWP) fitting &
Ly (1)

Iops. (K) =
HREODIHAEIRE—IJRARICE X 7E (FCCERDIZS)

{R7E
FCCHBIE (1 1 1) @ LEOEXRMEMNSDEIFE—S I ToO—L > WEETEREND.
1 FWHM,,, FWHM

App(L) = exp [2n( > ikl |L|+LAhkl)]

21 (FWHM, ;0\ *
( > hkl) + (K + Apgr)?

Ipr () =

Intrinsic / Extrinsic lEEBXRMaDIHES

1 |h+k+1) -
Intrinsic SF Appy = £ NIRRT {arctan[\/§(1 —2a)] - §}
o= 3%

111

—
.
ul AT

§ ? — 1 _lhtk+l 1
- Extrinsic SF =
£ o il M 3V T ke T 21— 3a+3a?
5 a: Planar fault probability
10°; MEDIZE
Apgr ~ 0

—
L)
-
sl

1 |h+k+] 2B
3avh? + k2 +12,/1 -,
B:: Twin fault probability
L. Balogh et al., J. Appl. Phys. 100, 2, 023512 (2006). 10 / **
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Convolutional Multiple Whole Profile (CMWP) fitting &
CMWPEDFBEZIILIUX A

Iteration

(&5

Iobs.(K) i Iinst.(K) * Ichem.(K) * Igize (k) * Idisl.(K)

[

NV OOS5T> R

Iops (k) = Iinst.(K) * Ichem. (k) * Isize (k) * Idisl.(K)

* Ly (1)

~

|

J—UIE

Aops. (L) = Ainst. (L) * Achem. (L) * Asize (L) ) Adisl.(L) ) Apf (L)

|

Aobs. (L)
Ainst. (L) : Achem. (L)

= Asize (L) ) Adisl.(L) ) Apf (L)

RhRRE JIEFHADTHDF S DDeconvolution

I

Agize(L) @ #EERFHA XDIIE M, DEla?,
Agisi (L) : B5{UZBE p, EnfIBcd M, ERAL1%HAS g
Ay r(L) : Planar / Twin fault probability a / j;

-

UTOHELIZT 1YV T 1 D INSGA—FZETIVICKRA

EHROE—UZRBIIC
4T3
CETRVEEDREE S
INRENESND

(FBFEKE )
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Convolutional Multiple Whole Profile (CMWP) fitting &

CMWPiER ED X #RERFD OJ 7 1 IV 2 BV ZERAREFITOER R

XFREWA T OD 7 1)L S, BEEM=Z EEMN(CHEMN I D L TEAORY—ILE
RBDN, ROKXDSEFEANDD.

(1) ZEciifiE 2 < HEBU 9 (OEUEEITET IILOEIRZITD C & (IATTEE
DEER (C KR DERARMEIRZ1TV, MRPICEDOKDIBIEFRMNEDKD
(CHMUTWVWBIHZEIERZLTHS, FBIFICAWVWSTETILZEIRT ZINEND
3. BAEICKDTIE, FTUWERETILEZEBED THESRRITNIER SR,

(2 T4 Y71 2 IHBRERSEELBAMLSDEEERS

JAvT« IAENSEIAEL, TEMERC X DBBERROBEMER & U
CT—HUTWVWDINEDINE - I5IKTDHNENHDD. —HUTULRVEEF,
I+ YT+ BB ES)LOERICKE L TWDAJREMEN HD.

R EBSOMEMRESRREBIRD O 7 M IIVEREHBAI S LT,
famMBOERBRZEEN (Cid iR ZEDRELRD
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J. Gubicza, X-ray Line Profile Analysis Warren(C KDL E1—5
in Materials Science, 1Gl Global (2014). B. E. Warren, Prog. Metal Phys. 8, 147 (1959).

h Essentials 3
X-RAY STUDIES OF DEFORMED METALS*
B. E. Warren

I. INTRODUCTION

A REVIEW of the early x-ray diffraction studies of cold worked metals
has been given by GrREENOUGH™ in an earlier volume in this series.
An excellent treatment of some of the newer developments in theory
and a presentation of experimental results is given in the recent book by
Gumer.® The last five years have seen a rapid development in this
subject, and since most of this material is to be found only in journal
articles scattered through the literature, there is need for bringing the
present state of affairs together in one unified presentation. As is
usnally the case, it turns out that much of the original work can be
considerably simplified and generalized.

The earlier x-ray studies of cold work were usually content to use
simple quantities such as peak breadths. It now appears that the really
important and interesting features of the diffraction patterns are
second-order features, such as the precise peak shape, small peak dis-
placements and slight asymmetries, which were completely missed by
working only with peak breadths.

‘We will consider first the simplest picture, one in which eold work has
produced small coherent domains within which there may be strains.
‘We will then consider the present-day experimental techniques and the

s Fourier series methods for evaluating the data. The most recent interest
- a I n e ig in the production of faulting by cold work, and we next consider the
effects of faulting in the FCC, HCP and BCC metals. Finally, we will

eonsider some of the recent experimental results. No pt is made

8 s . to present & complete review of the work which has appeared in this
field in the last few years, but rather to give a unified presentation of
those phases with which the author has been most closely associated.

II. Errecr oF Smary ConERENT DoMamNs axp STRAINS

u u
We consider first the powder pattern of a material in which cold work
a e r I a s c I e n c e may have produced small domains diffracting incoherently with respect
to one another, and strains within the domains. Using the formulation

introduced by StoxEs and WiLsox,® we consider a 00/ powder pattern
reflection from a material having orthorhombic axes. For each reflec-
tion Akl from a cubic erystal, it is possible to adopt orthorhombic azes

* Review of & research programme sponsored by the U.S. Atomic Energy Commission.
147

- CMWPSA(CBIL TIE, UTFDHPD
— Documentationt2U ngér157) L—T D

B3 0 7 A )L E1T S L TR BIERXNEE(C12D.
EIRBDEmECWEWHI—-UIEERIE http://csendes.elte.hu/cmwp/
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