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“ B Mechanical properties of polycrystalline
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Mechanical properties of polycrystalline
Mmﬂ cb material at grain scale
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Self-consistent model

Grain scale: "
elastic deformation: &9
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cb Self-consistent model
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Scale transition:

* Homogenisation and localisation (self-consistent, Taylor....):
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cb Self-consistent model

UCZELNIA
BADAWCZA

Stress/strain localisation:
(Eshelby type model)

compliant / soft  stiff / hard

@ . two phases

phase 1 phase 2
deformation elastic / plastic .g ] ) .g ] .
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Lipinski, P. & Berveiller, M. (1989). Int. J. Izlast.

5, 149-172.
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Time of Flight
INn-situ tests
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Material: stainless duplex steel (aged)

50% austenite (y) and 50% ferrite (y)
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austenite
Euronorm C Mn Cr Ni Mo Cu S N
X2 Cr Ni Mo 22.5.3 0,015 1,6 22,4 5,4 2,9 0,12 | 0,001 | 0,17
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- ISIS, Rutherford Appleton Lab., UK
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Duplex steel - ISIS, Rutherford Appleton Lab., UK
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DUPLEX STEEL - ISIS results
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DUPLEX STEEL — mechanical behaviour of phases

Voce law:
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The parameters of plastic deformation (MPa)

Material UR45N UR45N
(quenched) (aged)
™ (MPa) Austenite 140 140
Ferrite 220 350
O™ (MPa) Austenite 225 225
Ferrite 110 110
r-h) (MPa) Austenite Not 280
Ferrite adjusted 140
(}‘I"h’ (MPa) Austenite 0.3
Ferrite 0.1
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Crystallite Group Method (in situ):
- Angular dispersion + Eulerian cradle
- ToF
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DUPLEX STEEL —in situ tensile test
MM cb (LLB, Saclay, 6T1, neutrons - 20 dispersion, A=1.159 A)
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‘b Studied materials

UCZELNIA
il

Two-phase brass alloy (CuZn39Pb3):

57-59 2535 030 050 030 0,005
[%] [%] [%] [%] [%] [%]

balance 0,2 [%]

m Hot rolled,

annealed
(
[ = N - - 21.53
%w w 17.94

3.52 14.36

B 1&?‘:5 = -
2.66 o =i 10.78

1.81 7.19

EE
EEEE
Eﬁ

3.61

0.02
- 19

0.95

a (fcc, "‘65%

Austeno-ferritic duplex stainless steel (UR45N):

22,4 5,4 2,9 1,6 0,17 0,12 0,015 0,001 balance
[%] [%] [%] [%] [%] [%] [%] [%]

continuous casting,
hot rolling,
heat treated at 1050°C,

annealed at 400°C
8 30.
4.86 /R .
3.92 | 20.
2.98 15.35
2.03 — . 10.26
100 | = | = ~ Cj 5.18
0.15 ¢ ' 0.09

L & | = P
15

WA
Austenlte (v, fcc, ~50%) Ferrite (bcc, ~50%)
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i ‘b Crystalite Group Method
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Analysis of a group of grains with similar orientations - such groups can be determined using the

poles P(Y, ¢)nkpy in the pole figure.
dz dz>
(hkl} — {hkl}
ND (e, &) inieny = 7=
ND(X2) {hkl}
(0,0,2)
— CR
G5 A (e, &) inkty = A3k A31Sk1ij 0
. A BCC
(2,0,4) 0°,0°, 45°
. (0,07, 45%) where:
(1,-1,2) (e(P, ®))niy — lattice strain for P(y, d)pipy pole,
. (1;0,1) ND, x ‘Ség’[g‘;’ ing o% — stress tensor for the grain group,
' 3 \_ 211 Skiij — crystallite elastic constants,

(2,°2,2) l/)
! ,

(4,0,2) . .l : asy, d3; — components of the transformation
2,-21 . —~ 44— matrix.
( % ) (3,0,1) 17 7 X
A L] /\.v ge . o
¢ L e i BB,
RD(X%) . . . (X1

Poles for Agcc grain orientation.
16
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i ‘b Crystalite Group Method

(P, P inkiy = A3k A3(Sk1ijO

CR
tj

AGH

Selection of orientation:
poles.

ND(X2)

(0,0,2)

(1,1,2)

(1,0,3)
(2,0,4)
L]
(1,'1,2)
. (1,0,1)
,.
022 W (2,1,1)
L4 , a (4,0,2) L
I EY Y
. ’ ¢ L]
(1,-1,0) (;z.o)x.,o) (2,00  (3,1,0)4,2,0
‘RD(X3) . ® L ] L ] °

Poles for Agcc grain orientation.

Shared poles (for preffered orientations) have to be excluded.
Orientations selection should be tested to check if CGM works

properly for given texture.
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e Sael ©
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o g
‘0

=
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Austenite (y, fcc, ~50%)

: | ‘ (pl 1.09
o = r— ¢ 0.15
HB
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Crystalite Group Method (CGM) test

UCZELNIA
BADAWCZA

(duplex steel)
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m JJJ clj Two-phase Brass - Time of Flight

UCZELNIA

AGH | PR (TO F)

EPSILON-MDS (JINR, Dubna) diffractometer: 9 detectors,
perpendicular to the primary beam
ht

2sin@ myL 20 =90

a)

dppr =

Advantages: )
8 Disadvantages:
- simultaneous
measurement in 9 directions
for different hkl

- limited number of
directions (detectors in a
fixed position, needed some
approximation)

- short measurement time

v ' {oao’

L7p90 L9p90
e Arrangement of detectors in the
Poles corresponding to the EPSILON-MDS diffractometer, a) front
orientations of the scattering view, showing the directions of
vectors of detectors LI-L9 diffracted beams, b) top view, showing

presented in the sample system two example scattering vectorsrkzand
X. Ak,

Measurments Setups

Duplex steel - angular dispersion

6T1 (LLB, Saclay) diffractometer: 1 detector, Eulerian cradle;
Currently measurements done in TKSN400 (NPI, Prague)

A
austenite ®=0"1D tenit ?=0"1p dhkl = .
WON<A00> e 62} s p ?:;;:;f_b “111) \ 7 2sin @
(-220) (220) (-131) (311) A=0 ,1159 nm

Disadvantages:

Advantages: - Poles measured one by
one —long measurement
- precise selection of any time
measurement directions
- interplanar distances are
not measured
simultaneously (relaxation
may occur)

beam
diffracted

) X{ND !
Poles corresponding to a, b) two preferred orientations in
austenite and c) one orientation in ferritic phase. Orientation of the
tensile rig (with the sample) rotated in Eulerian cradle is defined
by ¢ and Y angles (d). 19
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lll ‘b Brass- Pole Figures Analysis (ToF, CGM)

UCZELNIA
AGH SATAWCZA ND(X2
L8p90
TD - Transverse direction Example: ABCC 0,0,2
Rotat;ced RD - Rolling direction el
cube Cube ND - Normal direction (-1,-1,2)
(01‘113)
Close to *
Brass )
orientation *
A BCC
(0°,0°,45°) A FCC (1,-1,2)
(0°,0°,0°) B2 FCC - 9
(50°,45°,0°) (O'tl'l)
L5
(b) W A B (bce) *
- | - (21'2'2)
[ ™ = = = 21.53 (0,-4,2) o e
. ¢ (1;'211)
| = 17.94 (0,-3,1) °
- L J
14.36
] ‘1&\ ) - - -
= e P = .
i i il | (-1,-1,0) (2-80130 (020 ,3,0(2-4,0) (11,0 (4 i
, o TD(X1) o o D(X
- 7.19
-] ~ 8 3p90 12"
e | . _ L1p90
e e | Joc2 Pole figure for Apcc orientation (e) with plotted poles
corresponding to the scattering vectors orientations for detectors
Orientations analyzed for Brass sample. L1-L9 (k). Reflex-detector pairs are marked in blue.

20
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Rotated
cube

Cube

Brass

BCCA
(ferrite) FCC A
{001} <110 > (austenite) FCCB
(0°,0%45°) {001} <001 > (austenite)

(0°,0°,0°) {011} < 211 >

(35°,45°,0°)
R W o == B [ | . |- |
e~

—%‘% 486 [ |y |y
oz wom | P o 2

-a " 2.98

A -
.,EDQQ %7 2.03

e s
%ﬁo R N ; 1.09 e
j“@“ j?ﬁ ¢ s 0.15
z " L & | & | -
N B HA
Austenite (y, fcc, ~50%) Ferrite (bcc, ~5

Orientations analyzed for duplex steel.

0%)

30.61

25.52

20.44

16.35

10.26

5.18

0.09

austenite
{011}<21-1>

Duplex steel - Pole Figures Analysis (angular
dispertion, CGM)

=(°

(-311)
(-220)
(-200)
(-31-1)

(-11-1)

p (-2-20)

~RD :
(-113) ND

(11-3)  (00-2)

(20-2) (1-1-3)

Pole figure for Bp.. orientation with plotted poles corresponding
to the scattering vectors orientations set using Eulerian cradle.
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Can we determine
such parameters as

CRSS directly from
diffraction?

parameters

Self-consistent model used for prediction
‘b of elasto-plastic deformation

deformation elastic / plastic

ph2

hi
*62’; ¥ O,
N
— - ph] =
v G o Ph2
11

fec: {111}<110=

22
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clj I\/I acrOSCOp|C curves Measurements performed

after relaxation

UCZELNIA
BADAWCZA
Brass (compression): Duplex steel (tension):

1000 1000

900 - Zoom 900 Zoom

800 800
"~ 1000 - 1000

9001 Eﬁf:mem 900 A

800 - 800 -

700 - 700 -
© 600 | S 600 -
o
= 500 1 = 500 A
N: 400 o 400
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200 - 200 ~—— Model

100 O Digitalimage correlation
100 e Electrical Resistance Strain Gauge
0 i, T T T T T T 0 ! '
000 001 002 003 004 005 006 0,07 0,00 0,05 0,10 0,15 0,20
E, E,
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Brass:

ND
O3;3

Y A BCC
(0°,0°,45°)

Y A FCC
(0°,0°,0°)

* B2 FCC

(50°, 45°,0°)

6, (MPa)
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—200 1
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2001

100 A
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—-300

chormaI stresses (CGM
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[ ]
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FCC A exp
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BCC A exp
FCC A model
FCC B2 model
BCC A model

o]
HAREEE:

50 100 150

200 250 300 350

0 50 100 150

200 250 300 350

¥, (MPa)

(e(U, (I)»{hkz} = A3k A31Sk1ijO

ij

CR

1200

1000 A

Duplex steel:

G, (MPa)

400 1

Scattering
vector

400

., (MPa)

G

-600 1

-800

400

B A BCC
(0°,0°, 45°) 01

©
o
e

B
o

O A FCC
(0°,0°,0°)

O BFccC -800

(35°,45°,0°)

800 A

600

200 1

Ferrite
elastic

elastic .
[} 3) 2
Austenite
rglastic

—N P T ‘ r
0 100 200 300 400 500 600 700 800 900

200

-200

-400 A

m BCC A (ferrite)
o0 FCC A (austenite)
o FCC B (austenite)
BCC A (ferrite)

FCC A (austenite)
—_— FCC B (austenlte)

T

0 100 200 300 400 500 600 700 800 200

200

-200

-400 A

-600 A

0 100 200 300 400 500 600 700 800 900
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INICJATYWA DOSKONALOSC!

Brass:

ND
O3;3

A BCC
(0°,0°, 45°)

A FCC
(0°,0°,07)

B2 FCC
(50°, 45°,0°)

o, (MPa)

5 (MPa)

50

300 A

250 A

200 -

150 +

100 -+

50 1

=50

350

300 1

250 1

200 1

150 1

100 A

50 1
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* BCCAexp

)

plastic

*%
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250 300

350

0 50 100 150 200
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| O Deviatoric stresses

Duplex steel:

Scattering
vector

NDAG3 3

21
/"
922
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o, (MPa)

(MPa)
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7
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o
0 100 200 300 400 500 600 700 800 900
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o0 FCC A (austenite)
o FCC B (austenite)
BCC A (ferrite)
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—— FCC B (austenite)

0 100 200 300 400 500 600 700 800

900

0 100 200 300 400 500 600 700 800
%,, (MPa)

900

25



agh.edu.pl

UCZELNIA

AGH | E0ATEHR

Brass:

WJ 95 Resolved Shear Stresses (RSS) + CRSS

Duplex steel:

m  RSS orientation <111>{110} B
RSS orientation <111={110} B
«=+=2= CRSS orientation <111>{110} B
B RSS orientation <111={110} A
RSS orientation <111={110} A
- CRSS orientation <111={110} A

[T

5 Brass

700
o phase (FCC) ® RSS orientation {011}<211>B Austenite

600 { @ RSSorientation {001}<100> A (FCC)

— —— RSS orientation {011}<211=B

L] 5001 — RSS orientation {001}<100> A

O S e CRSS orientation {011}<211> B

g ««+«+« CRSS orientation {001}<100> A

)]

{ )

Duplex steel

fee: {111=110> CRSS value CRSS value
[Mpa] [Mpa] —
errite
120 110
130 350
0,015 0,020 0.600 0,0IOS 0,0I10 0.615 0,020

bece: <111> {110} 0,000 0,005 0,010
Ell

E

11

fcc

bcc
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‘:|3 Results (CGM + model
Ferrite
UCZELNIA 1000 1 elastic
H BlnnnA‘,Nrc\an 0 | \ﬁ‘ 800 A
1 elastic plastic D l l_ o
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SUMMARY:

1) Elastoplastic deformation in individual phases was studied
using diffraction and crystallographic models.

2) Agreement between the results from neutron diffraction and
model was obtained.

3) Grain interaction model can be verified using diffraction data.

4) Evolution of stress localization tensor characterizes elastic-
plastic transition.

5) Stress tensor for particular groups of grains can be measured
using CGM (crystallite group method).

6) Critical resolved stresses (CRSS) can be determined using
CGM.
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Thank you for your attention
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