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Development of Data Analysis System of Angular Dispersive Neutron Diffraction for Stress and
Microstructural Parameters in Deformed Steels

Susumu RYUFUKU, Tetsuya SUZUKI, Hiroshi Suzukl and Yo ToMOTA

Synopsis : A data analysis system has been developed to determine texture, lattice strain, block (or grain) size and dislocation density from neutron dif-

fraction profiles obtained by an angular dispersive method. The texture is evaluated from the integrated area of the curve-fitted quasi Voigt

function for experimental profiles. The block size and dislocation density are obtained by profile analyses based on an integral breadth

method as well as a Fourier coefficient method. The obtained results of lattice strain, block size and dislocation density are superposed onto

the orientation pole figure as output results. The developed system was applied to a cold-rolled SUS316 steel and drawn carbon steel wires to

examine its usefulness.

Key words: neutron diffraction; angular dispersive method; profile analysis; texture; lattice strain; block size; dislocation density.

1. &

[l

TR E P XN TEEREA A X <, MK
PIEBD IS ST R AR ERER F & [/ CTRE Ok & X & s
F & UTHIESIRRIS 1 OB & 3R 5 D12 L
TWa Y, RN EARDDH B it IR D
%, BragglElfT&—2 Dy 7 FE» oWEOTHRERD Y
2, ZTOBRICBOhAEHF 71 7 v 4 LOEHHEEIZI3E
A&, a7 ARSI 2 o llBOBRAE EH
T 5, fEk2 5 XBEHTIZBE W TIZ 7 e 7 7 4 LEHTIC
Ko THRFH A4 XREHMNEEEBET S Z L 0MfTbh T
=3 XBREHTCIEERI D &< RKERBOBRME 55 08,
el & O S LB RO L 2 SRR S B R
B0 d O BRI R & D BIER % 3Rd THORBE R 0 BEAE AR
OEEMERFTIOICEL TS, L2AL, 20X %
RABIEEAL L INTOEVDT, HEFEL T 7
PEFEL L COEWERIRTH B, 72T, A% CIEEEM
PR 3 & o JARIRRE & P IRHT 12 & > TRARIIZ B
TH520DF — 2y 27 LOBFAERA, FFIFH
HFEERBLEL, £/ 70— 2 THELIhZHET
Y= A X3 AESRIAIC X 2BEBRICH LT, BEE
DXEHF 72 7 7 4 VEHEAZEZ O EWHEATE 3

ETPREINS, A Ta 7 74 DY 7 M RBEIZR LT
&, l4DFESTTICHEL, BFOTA2 LI %H#
ET BT LRI & O R AREEE(ODF) A3k % Z &
PTED, BERERICE L TiE, a7 7 A LAY %
BBTH—T T 4 95 42 LTCEFDOREYRE % 7%
Oy RIS KR X AR D L 2 S A BT IIEE S S O
EFEZONDYDT, KWL T8 B Voigt BIE & Fl VT
HTEBEIIC L, MBRTF2ERTE2D0T0T7 7
A LEMTIZBE L Tk, De Keijser 512 & B R hEEY & 5
P2 K % Garrod-AuldE 2D ANZZFHEITEDONT,
Ny 07 Y R s ER iy EEIc D U T - 2 R
W7us s L&ERL, WhOBMROTAR (—RIZERAT
EEICHIETS) 7y s 94X CRifE) 2RETEL =,
IN52D0DNE, BMXIRTh 2BUEHHMOREET T
U7 7 ANEBEEE LMOEIT 7O 7 7 { LDERENS
EEMOMROT AL Ty 794 TEHEBT 3 H5ETH
B, LIEDoT, MHOTARLT O v 7% 4 OB B
HTE ML E LM (BAM) OGFEIEETH 5,
Y 7 MEFORTRANTI—F 4 V'L, AHTIZ7740
d, IRKAMHE N TS A 212V 7 b Excel THIFHTBE
BesvZ 7ANLRTHRADNT 7 A LTHY, TSR,
Y=V 7 POGMT & WA L OF &, iEMERE

FRE19FEIH 6 U2 Fa 194 12 A 19 HEH (Received on Sep. 6, 2007: Accepted on Dec. 19, 2007)
¥ RIMAFERFEB TERER R ASE) - (k) Y4 VTN AV T+ X =2 2 ¥ &Y & —(Gradate Student, Tharaki University, 4-12—1 Nakanarusawa Hitachi

Ibaraki 316-8511)
% 2 RIRAZE T 2EHE (Faculty of Engineering, Ibaraki University)

* 3 HARTF U MR T ¥ — 4 IS FBZEE5MT (Quantum Beam Science Directorate, Japan Atomic Energy Agency)
* 4 KILKFARFBRH T #HFFEF (Graduate School of Science and Engineering, Ibaraki University)

121 I



. 122

&8 Tetsu-to-Hagané  Vol. 94 (2008) No. 4

HEOERQREFMIITES K HIT L7, GMT THER L 721
87 740E T =Y 7 bPOGSviewh ETHRSEZ AT
x5,

BEEL Y AT 6584 AT A FPRAT VLV A
DIEHERS & &R FI O g A IZ B3 2 ME 7 — 2 1IZ@E M
L, VAT L0048 E X5 1ICHETREEHELBET L2,
BIETiE, BAMBEBMNEESL T Oy 744 XORICH
BAALNS Z L, H%ETIEREMITIZHES 3 2 uilik
TERIZBE 3 2 BURZE OSSR MG 5 Nz,

¥, KX T33O [O9 A (strain)] 2 TET
WMEbLWOT, HETEML TS (B EMIBT 55
POF A TEMEOZ S 5 ET 5D THETFOT A
(lattice strain) & FETY, MITIZ K 0 4 C 72 AR AZEBIZEED
TATH S, KHROTICL > TROND T 7 v 7 EHFTO
Ta T 7 A LR TCIREE 7wy 7 ¥ 4 X (coherently dif-
fracting block (mosic) size) & i O3 A (micirostrain) D HIZE
b BE, 70y 23R LI I ORIV IS IS
L, BEEZRICEBEMEELFEONT LN,

2. BIRFEEBIRY AT LORERE

2-1 ERNERN

R FEOFTNE Fig. LIS T, FEMINT. - U088 23
Xh7-ttBod a7y o 7 7 4 Lid, MROFART
Oy 2794 ZOHELEEATHS, KFRXTE, ZOBN
WEMREE [B ] SRS, 72, HOTAR T 0y
44 XOEBEEELE UTHRO MR A [HEAM] L1
K, Iho 2@EOMBIO R TFREITEIEIC L > TRLo N
5707 74N ERBRM Th, BAMTgL T %, B
OFaT A NRE, WROTA, Tay oL XDOER
CHIERFEROHEEZ T TS, ~HT, AN T o
Ty AN g, MEAOTAR, Tuy s A ZOEEIEL
HERZRDEEDALDBEOSN TS EEFEADS, T
ZT, WMROT AL T Oy 7Y A TOEEE R SRR
DE¥—r 70774 LEBOY—-2T7u7 74 LfEE<
L, RBM T T AL, BAM T T s A LEEDT
07 7 ANEBLAATZEDE VA S, a7 74 LE
2, REBM T 7 s AL EEAM TR T A5, HD
Fu7 A NERD, FIr6WEOTAR, Tuy 4
ZEENT 5, ZOEM, BT -2 7 F XDEED
FH REFOFTR), BIFTERE & 0SSR R (B
RRAET 5, BAMEAERITBEARIOERIZE, 84Dl
WTa T 7 ANEN =TT 4T 4 VI LTEORIBEES
53R 7z, BT A5 - EHEESSEEROLEE, BT
O3 Al A R 8 O N2y — MM A TS EIN 4 2 SRR RG )
(3 BREEH) CX3HEOTAERTOTAELT
WESTDZEIChS, BPOTA, Haldatt, 7oy
WA X, b UERMEEOERK TN E—3EL THET S

16

Material Rolling, drawing, etc. and
production | heat treatment
Test specimen N
) ) Annealing
(microstrain,
block size) Standard{specimen:
T microstrain & block
Y size free
Neutron
Diffraction
Iz z
1Bl @
el <
| 26 26

\

Test peak profile: h

Standard peak profile:g
influenced by microstrain, . .

influenced by instrument
block size, and instrument

Intensity <> texture

Peak shift > lattice strain

Fig. 1. Computing flow of diffraction profile analysis.
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Fig. 2. Flow chart to determine lattice strain, texture,
block size and dislocation density.
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Fig. 3. Overmapping of lattice strain pole figures for the

rolled SUS316 steel.
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Fig. 4. Overmapping of dislocation density and texture for
the rolled SUS316 steel.
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Fig. 5. Overmapping of block size and texture for the
rolled SUS316 steel.
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Table 1. Comparison of dislocation density and block size
determined by the present method with those by
the Williamson—Smallman (W-S) method.

Method used Dislocation Block size

for analysis density (nm)

and (hkl)* (x10™/m?)

employed. Average SD** Average SD**
(111) * 1.1 0.7 176 93
(220)* 4.4 1.9 46 17
W-S 2.5 1.2 192 148

* The present profile analysis

** Standard deviation
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Fig. 6. Effect of drawing strain on diffraction profile, in
which pure Gaussian component after the profile

analysis was depicted: (a) true strain 1.2, (b) 3.1

and (c) 4.2.
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Fig. 8. Dislocation density determined by the profile

analysis for the drawn pearlite steel wire as a func-
tion of drawing true strain.

Fig. 9. Transmission electron micrographs of the drawn
pearlite steel wire (true strain: 4.2) annealed at
473K for 3.6ks: (a) bright field image and (b) dark
field image.
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Fig. 10. Comparison of block size observed by TEM ob-
servation and that determined by the profile analy-
sis.
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Fig. 11. Applicable and inapplicable diffraction profiles
for the present analysis: (a) the drawn pearlite
steel wire (true strain of 4.2), (b) a 25% cold
rolled SUS316 steel and (c) another profile ob-
tained from a different angle for the SUS316 steel.
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