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Table 1 Research progress in material science.

. . Thermodynamics o L .
Experimental technique Y Precipitation Recrystallization Work hardening
(Phase diagram)
1853 Sorby: Microstructure . e 1829 Savart: Softening by annealing
: 1855 Fick: Diffusion Iz
observation 1873 Gibbs: Thermo dynamics 855 Fick: Diffusion law

1887 le Chatelier: DTA 1889 Arrhenius: Thermal activation
law

1912 Laue&Bragg: X-ray
diffraction

theory
1931 Ruska: TEM 1936 Hansen: Phase diagram

1935 Knoll: SEM
(1950’s - Commercial SEM) (1970’s - CALPHAD)
(1960’s - Commercial TEM)

1984 Dingley: SEM-EBSD 1991 Hillert: ThermoCalc
model

1906 Wilm: Age hardening

1926 Volmer&Webwer: Nucleation

1935 Becker: Nucleation theory

1937 Guinier&Preston: G.P. zone
1949 Zener: Growth law

1960 Wagner: Ostwald ripening

1961 Chan&Hilliard: Spinodal
decomposition

1982 Kempman&Wagner: KWN

1926 Bailey: Work hardening

1937 JhonsonﬁcMeal: JMAK equation | (1930’s —Bailey, Orowan, Taylor:

on boundary Dislocation theory)
1948 Mclean: Solute segregation theory

1946 O : O hanis
1948 Zenner&Smith: Zener pinning rowan: Drowan mechanism

1953 Cottrell: Cottrell atmosphere

1976 Kocks: MTS mode

1996 Nes: MMP model
2000 Gottstein: 3IVM model
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Fig.1 Microstructure representation in the cellular
automaton.'? Cells with same integer compose one
grain.
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Fig. 2 Recrystallization from transition band calculated
by the vertex model, (a) initial state composed
of subgrains, (b) partial recrystallized
microstructure after annealing?”
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Fig. 3 3D-simulations of the phase decomposition of
Fe-30at%Mo alloy aged at 773K .20
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Fig. 4 Calculated evolution of the particle size distribution
(PSD) during isothermal holding at 500C in an
3003 alloy (after heating at 20C /s) ?
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Fig. 5 Stress-strain curve of an Al-1.0Mg calculated by
using the MMP model at various temperatures
and strain rate®
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Fig. 6 Schematic drawing of the arrangement of the
three dislocation classes considered in 3IVM:
mobile dislocation (p.), immobile dislocation in
the cell wall (p;) and immobile dislocation in the
cell walls (p) %
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Fig. 7 Linkage of material development.

108 UACJ Technical Reports, Vol.1 (2014)



T =T MBI BAMEM B O R & 2 0 EEFH

MENOIR, 2R, BEosfizitfidsleT
W ERIM RO FUASWEL 20, MEREEED
M ECHHTE S, 72, FEMIZX ) E72EH D
FTARBPMEDY 7 T2 55040 1E,  §iak oAk B
Wa#HT 52 &T, MENOEMETOMB T
BHETE 2, $72, EETIE, BAmICHES ML
LR PER MR &, EMZ 0 b 0 DERAMK%E A
AAAZFEMEIE TN TWA, Ul XHI2LT
Rooh7-aEMikickox, Bty I 2L —
va VEMEI T DN S RIS AR K L
T EBb by, BAEIHEMEORG LEE,
SREER LIS T 20 WL ) TH D,

3.2 ICMEDOF|AHI

#e\ T, ICME % T3EEPE TR L 7 Bl 2 7R 37
wWEhopld, ERGOREL Y -7 v M LME
BITHDHIEDPFR B,

(1) HIED AV —Fat A EF N

Engler 55 12& 0, fKEHERT 4 MITHVLR A
BI04 DA N —T Ot ZEFY ¥ FEHEIhTw
%o 9, WREHALLEIZBW T, BI%T— 5 RX—
A& v L7AETFTVERWT, a Ali; (Mn, Fe)
$SiB LV Alg (Mn, Fe) OFFEEEB X O #RED T
WEN7ze B BMELEIZBWTIE, FEMIZX - TH
JE 5T COER, EREB X REARD
i, WEACLH T T % FE /AT ARG & fke ¢,
TR SR EEASEH R S 7z BRI, 45 VT Aotk REGE
BT, FERE R AR EE A58 & [ FEAS A 1 &
IFTHEIRF I N TV (Fig. 8), ¥ ¥ FLABIED
NAMTOEBMMKE, EBRISHAET 5 2 LAIEE
WZHEL <, ICMEDHRNSTHH SN TV BB EF R %,

(a)

500

$72, SOETFIVIIEGHBEEZ &R, GEROF
TP S RBEFEM AP TN TV D, SR
BETHZE, EREEICHLAEMHICZSsTED,
FAEITHEN SN TV Z D2 2HEEITH %,

(2) #a 2 MEHE

Myhr 5% 205, 3000% &4 M IZOWT, &R
AR FECIZ, WEIZX MEFEECTHTSET
JV “PRO?*™ (Product and Process Optimization)” %3
HINTWD, PROP™MEH WL ZET, A il
SHETHEEEE =V a A FETFHL, Fodhp
SARFME - X P A S RE L FFEEZ RS LN TE
% (Fig. 9o TNOENEMER 2 X MR, £&Eil
ISV TTPME NS, BIZIEFig 9ITRT 912,
HHEE IR FRBEEORKRE LTI TV S,
PRO*™» ¥ 2 7 2K (Fig. 10) 121%, HEOHE
W L TR RFEIRRET L7200V — Vv ar
L7 PN TV,

(3) wlEEZEE DTl

GloRR S X FEM OREN 2B 2 /R T D THER
BMNEEETH I 00b o, FHIBNEHLVWE SR
T& 7z GIRES 2 FWT 57201218, FIERRKBRN O
AT 72 R, ZHUSHE ) BT e i & e % %
BLZTNWE RS RV THb, ZOMEICELT,
Sandia National Laboratory Tix, ICME I X % pdizs
FOFHAAASLNT VLY, kxR IROF &R X
RERZ ATV, FEM#NT L MlAGHET, oo
A LR AT V7 L, BN EIOE T
YICHEDE, FIAERO FEM RN 217\, it o &
% 5T, GIRESRLEHM O TFRIE L T2
(Fig. 11)o COMBZEHOETY ¥ 7%, HoFEHpC
DEHINTWD, BIZIE, MR O PRI

450 -

400

T /C

300

250

(b)
slow rolling s1 20 2
no pre-cooling :;?ﬂ:g:?n%? full
o5 na recrystallisation
20 F
X surface
~ -
Fast rolling - 15 slow rolling
350 full pre-cooling no pre-cooling
54 10 F centre
AM5C
\ \ . 0 ru
50 60 70 80 90 100 51 82 53 54

Fig. 8 Simulation of a four-stand tandem mill for two different operating conditions.*”
Development of (a) temperature, T, and (b) recrystallized volume fraction, X (t),

during process time, t. Labels S1, ..

.

S4 denote the rolling passes on stands 1 to 4.
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Fig. 9 Example of the calculated results by PRO?* ™3 (a) Predicted yield stress (o)
as a function of the total cost, which includes material and extrusion costs. (b)
Predicted ram speed (vram) as a function of dispersoid density.
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Fig. 10 Outline of the simulation concept in PRO? ™38
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Fig. 11 Nominal stress-strain curve in consideration of

stress localization®® Curve exhibits a noticeable
change in slope after 0.08 nominal strain (point
A) by necking effect and ruptures at nominal
strain of 0.16 (point B) .
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Table 2 The VIR [*] industry and academic partnerships and their main activities.”

Industrial R&D Main activities Academic partner Main activities
Corus PSC, lab/plant rolling (TPM) =4 NIMR Microchemistry (TEP)
Alcan Characterization, FEM simulation = IMMPETUS FEM simulation

Pechiney Characterization (particles) (= EMSE Particlebreak-up
SAPA Characterization (recrystallization) (= SIMR Characterization
Hydro Simulation, experiments (extrusion) (= NTNU AlFlow / AlSoft (TPM)

. . . = IMM 3IVM, GIA, StaRT (TPM)
VAW Simulation, experiments (TPM) = IBF FEM simulation, interface
Raytek Temperature sensor (proto type) =4 (Uni. Brandenburg) New temperature sensor
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