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Figure 1 (Color online) The core idea of materials innovation
infrastructure in the Materials Genome Initiative Program [4].
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Figure 2 (Color online) The primary idea and flow chart of a typical integrated computational materials engineering (ICME) tool.
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Figure 3 (Color online) The schematic map of the main idea of integrated computational materials engineering model for zirconium alloy.
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Figure 4 (Color online) The schematic of primary slip systems and
twinning systems in hcp metallic alloys.
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Figure 5 The experimental results of texture evolution in zirconium
alloy. (a) Initial (0001) texture; (b) initial (10-10) texture; (c)
deformation texture by tension along TD; (d) deformation texture by
compression along TD.
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Table 1 List of primary parameters for crystal plasticity model
KA SN go (MPa) g1 (MPa) bo 6 aBa aP L aPy aTw

q q q q
Basal 170 11 33 39 1 1 1 1

Prismatic 114 43 132 0 2 1 1 9
Pyramidal 341 77 2420 308 1 1 2 1
Twinning 350 98 3864 3000 1 1 1 2
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Figure 6 (Color online) The texture evolution in zirconium alloy. (a)
Initial (0001) and (10-10) texture; (b) CPFE model predicted (0001)
pole figure after tension and compression along TD; (c) EPSC model
predicted (0001) pole figure after tension and compression along TD.

Bl6(a) B, R FH A A% 1 428 S 32 A T B o e B3 4,
il 52 A1 7 IR R IZ 5. S TD T A AT KA F ) i
EER ) AR, A AR S PR LTI ) B A AR T2
F g R o il 6(b)Fl(c) s, ALK T S 28 14
A BRICCPFEM YA M H¥E EPSCH R 7V, A
FER A PR T AR AR R SR 5 i R BB S Aok T
H kL RAS, S K F S 28 E VA (Self-Consistent)
J73:PY 5 Tang% AN PEPSCHEA 1S HERE — 55, M
HT L, TDJ7 A G RS TSR B3, K42
FAREXTAC 55, PR AR ASE 2R F000 &5 SR AR AR, 5 SEER 20

—E, EPSCXI 2 Aa M o3 ETIOMIAE 4. AR SO &5
RESCHR[36] K FH 3 58 1 B 75 & A B AR L 25 SR —
;. —fekiUl, CPFERIALKE A Sk Bl A — Al
FANWIE 0, THERS &, (HRCR%; EPSCHEZY
BNy s AR AT T ok, e SE A RO 2
AL, 75 RS A e 25 FE B 2

TEEE B SRR R 46728 T 75 T, B745 T Gk
I8 B A HL 4 SR 5 AR N1 A R s 45 Sz 56 it
N L. 7R W, CPFERIEPSCH AN ) ft
AR U H TR 85 A 4 W 3R K 7 [A) (RD) A48 7] (TD) 7E iz
RUFN R 48 3t T B RN 8 N AR A AT . DA B
USSR IR Y, A A I AR R AN AT AT LIRS iy 00
G SR, R R 48 I A AH B 18
I ARAT A A A v TR

5 RA2: KA ESHRSTE-RH-hE MR
51 HKEESHRBTELMIEY

R ST H K HEZ8 VR R AR 28 18 A — [B] B A4 14 v
HHEEEEERNA, R/ ) SR 2
—. KESHHESSAMEMUZL, FEhcpim R, 1M
HAESIN T AA E R il g8 % BBkl 0. R
THF 5 FE T ok & & 7 BT R I R I SRR AL AT
KI8(a)4h th M2 K& & HIWIUR ZM, Heik BEALS U s
fiE. 5t850°CH#HF LK (R=14))5, EBSDKIHIA{
figh B W E8(b)Fran, I Whep4: & o & WL
(10-10)ZUH4, 31X A& H T JE TH I B R THI 1 2 3 T
Bk, B KA 48 B . 3E 11000 1) ZE R 24, Xt
TR R TE S5 SRV EIR

T TR A SRS R RS, FRER T E
FeER & SRR TSN, I+ H 3% B4 Hd

114608-7



R, hEE W D1 R

2019 4 49 % 11 4

- g wEm §
St
B RDT-experiment

CPFE-1000
- - - EPSC-1000

Stress (MPa)

0 L L L L L L L
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Strain

[ ©

m TDT-experiment
—— CPFE-1000
- - - EPSC-1000

Stress (MPa)
w
o
o

O 1 1 1 1 1 1 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Strain

Stress (MPa)

Stress (MPa)

600
(b)
500 L
-u_ -
400} o
. m RDC-experiment
3001 ™/ CPFE-1000
.I’ - --EPSC-1000
200 fi
|
100
0 L 1 1 1 1 1 1 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Strain
600+
(d)
500 /
™ L}
L ]
400 fﬂ‘,f‘-"
= TDC-experiment
3004 £ CPFE-1000
| EPSC-1000
200«*
ﬁ
1001‘.
n
|

0 1 1 1 1 1 1 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Strain

B 7 (SRR ) Eh A 4 0 S8 N7 g o AR il 28 1 i A ¥ AR T (CPFE, EPSC) Tl (a) RD:z{H #H 2k; (b) RDEZE I 2E; (c) TD

FufiiiZ; (d) TDRAA 2k

Figure 7 (Color online) The experimental and predicted (CPFE, EPSC) stress-strain curves of zirconium alloy. (a) Tensile curve along RD; (b)
compressive curve along RD; (c) tensile curve along TD; (d) compressive curve along TD.
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Figure 8 (Color online) The experimental textures of zirconium alloy.
(a) Initial texture of (0001) and (10-10) pole figures; (b) hot extruded
texture of (0001) and (10-10) pole figures.
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Figure 9 (Color online) The simulation procedure for the texture
evolution of zirconium alloy due to extrusion and cooling down [37].
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Figure 10 (Color online) The crystal plasticity model predicted
texture compared against the experimental texture intensity.
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Figure 11 Typical microstructures of titanium alloys. (a) Bimodal
base microstructure; (b) coarse lamellar microstructure; (c) mediate
lamellar microstructure; (d) fine lamellar microstructure [37].
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Figure 12 (Color online) Effect of typical microstructues (WQ, AC,
FC, Trans, Base) on the tensile properties of titanium alloys.
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Figure 13 (Color online) Slip systems for titanium alloy with bimodal
microstructure consisting of primary o and a+f lamellae.
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Figure 14 (Color online) Microstructure-dependent tensile stress-
strain curves of titanium alloys: model prediction.
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Figure 15 (Color online) The experimental texture of hot rolled
FeCrAl alloys by EBSD scan.
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Figure 16 (Color online) The hot rolled texture of FeCrAl alloy:
crystal plastic model prediction.
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Figure 17 (Color online) Tensile stress-strain curves of as-cast and

hot rolled FeCrAl alloys: simulation and prediction.
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Integrated computational materials engineering simulation
studies of nuclear alloys based on crystal plasticity modeling

MA XianFeng"”", WEI DongHui', ALLISON John E.*> & WANG Biao""

! Sino-French Institute of Nuclear Engineering and Technology, Sun Yat-sen University, Zhuhai 519082, China;
: Department of Materials Science and Engineering, University of Michigan, Ann Arbor 48109, USA

For nuclear reactor, alloys with excellent corrosion resistance and mechanical properties are widely used in the nuclear
fuel cladding, internal component, and steam generator. The processing technology affect the microstructure directly, and
hence the mechanical and corrosive properties. It is an important step to study on the performance of nuclear alloys
outside reactor to alloy evaluation and improvement. Hence it is significant to predict the “processing-microstructure-
mechanical property” of nuclear alloys. Conventional methods just rely on experimental “try-and-error” cycle, which
costs lots of money and takes long time. Integrated Computational Materials Engineering based on through process
simulation try to combine the models of processing, microstructure evolution and property, can remarkably reduce the
R&D period and expense. To promote the application of this methodology in the processing optimization and
development of nuclear alloys, the present study employed microstructure-sensitive crystal plasticity models and
decoupled finite element simulation technique, to study quantitatively the “processing-microstructure-mechanical
property” interrelationship of Zr, Ti, and FeCrAl alloys. The results indicated that the present model was able to predict
accurately the hot processing texture and the corresponding tensile/compressive plastic behavior of three typical nuclear
alloys. The present simulation method based on crystal plasticity can provide computational tool and reference to
processing optimization and mechanical property evaluation of nuclear alloys.

integrated computational materials engineering (ICME), crystal plasticity model, processing technique,
microstructure evolution, texture, nuclear alloys
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