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Interaction analysis of a screw dislocation and a prismatic dislocation loop

in a-iron by molecular dynamics using ANN potentials
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DHFERRRFPE ANRIR LFPAF70R M2t Ly, (T 278-8510 T % IR B9 1 17 (LR 2641,
E-mail: 7522541 @ed.tus.ac.jp)
2) (L) FTERRRTY AR Leirsest #dz (T278-8510 T3 WL B W 7 1L iwr 2641,
E-mail: takahash@rs.tus.ac.jp)
3) 1 (L) EHRRFEDT R (T240-0196 #h4)1RARZEE T RY2-6-1,
E-mail: kumagai@criepi.denken.or.jp)
4) B (L) EHPRITZERT LETFEE (T240-0196 #h23) IR E T R R2-6-1,

E-mail: a-nomoto@criepi.denken.or.jp)

This paper presents the molecular dynamics analysis of the interaction between a screw dislocation and a
prismatic dislocation loop in a-iron. The diameter of the prismatic dislocation loop, the combination of
the Burgers vectors of the prismatic dislocation loop and the screw dislocation, and the temperature of the
system were varied and analyzed in terms of two aspects: the mechanism of the dislocations reaction and
the Critical Shear Stress (CSS). As a result, when the Burgers vectors of the screw dislocation and the
dislocation loop coincided, a helical dislocation was generated by pair annihilation of the dislocations It
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was also found that the CSS was significantly increased by the generation of helical dislocations.

Key Words : screw dislocation, helical dislocation, prismatic dislocation loop, iron
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Evaluation of fracture toughness
based on crack-dislocation interaction using dislocation dynamics
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Keitaro Watanabe and Akiyuki Takahashi
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E-mail:7522578@ed.tus.ac.jp)
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In this study, the fracture behavior of microcrack near the macroscopic crack tip near the transition
temperature is numerically analyzed in order to clarify the brittle-ductile transition mechanism. The
fracture toughness values of macroscopic crack were calculated by considering the interaction between
each crack, the dislocations emitted from each crack, and all of them using the dislocation dynamics
method to confirm the effect of the emitted dislocation motion on the crack and the change in fracture
behavior of the microscopic cracks due to temperature change.

Key Words : Dislocation dynamics, Crack-dislocation interaction, Fracture toughness
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Microcrack

Macrocrack

X-2 f@BHFETIL

x-1 I EH

Shear modulus [GPa] 79.0
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FTMP-based Modeling of MFS Kink Formation/Strengthening
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Tadashi Hasebe, Kota Mizutani and Miu Arimitsu
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3) MARFRFPE LFM5ER (T657-8501 = i X /S H 5 1-1, E-mail: takebe.ryou@mail.mm4.scitec.kobe-u.ac.jp)

Based on the prominent descriptive capability of the FTMP-based kink simulations, the ultimate goal is
ought to be an overall reproduction of the empirically well-documented complex behavior of LPSO Mg
in terms of kink formations. This study examines one of the possible viewpoints for it to be made about

their “scale-free”

nature of the energy-releasing characteristics reported with respect to the AE

measurement based on FTMP interaction field formalism. Demonstrated preliminarily are a significant

change in the kink morphology, while maintaining appropriate “primary strengthening”, together with an

improved return map characteristic.

Key Words : Crystal plasticity, Multiscale, Field theory, Kink, MFS, Acoustic emission
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Fig.1 Two types of kink strengthening mechanisms.
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Fig.2 Explicit/Implicit kink models based on FTMP.
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Fig.3 Slip systems for Mg and rank-1 connectivity condition.
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Fig.7 Overview of the process for artificially taking into
account the experimentally-observed “scale-free” nature of
the energy releasing characteristics into FTMP-based
simulation, making an effective use of interaction field
formalism for incompatibility tensor field.
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Fig.8 Summary of simulation results with enhanced contribition of
the incompatibility DOFs, plus artificially-introduced “scale-free”
nature, diplaying (a) stress-strain curve, (b) energy return map (at
strain of 0.015), snapshots of countors for (c) rotation angle (absolute
value), (d) elastic strain energy, and (e) incompatibility (trace),
respectively.
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Fig.9 Magnified contours of signed rotation angle and strain energy
for the simulation results in Fig.11, scrutinizing secondary
emergence of ridge kink from the right surface of the sample,
eventually growing into kink bands that continue to propagate to the
left, penetrating through the hard/soft boundaries.

€=0.033

€=0.036

€=0.039

' I
. [ od, dd,
A 2 RET e T o,
/J_ - 2 - :
i R
RS o\
/ \ o .‘|_|.. X

N

. v
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Fig.11 Effect of contribution of non-basal slip activity on
formed kink morphology and stress response.
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Fig.12 Effect of non-basal slip activities on kink formation,
elastic strain energy contour and stress response.
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Fig.13 Enlarged contour diagrams for signed rotation angle,
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Fig.15 Comparison of simulated stress-strain curves with

experimental result for kink-incompatibility —model

with/without enhanced dislocation density term.

Fig.16 Comparisons of simulated snapshots with experiment,
with virtually attached grip parts.
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Fig.17 Extended comparisons of simulated snapshots (with
virtually attached grip parts) with experimental counterparts
for three analytical conditions.
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Against highly complex hierarchical material systems as in high Cr heat-resistant ferritic steels exhibiting

inhomogeneous recovery-triggered accelerated creep rupture, we tackled their practically-feasible
multiscale modeling and simulations based on FTMP (Field Theory of Multiscale Plasticity), implemented

in crystal plasticity framework. The objectives include: (a)Reproduction of the experimentally-observed

accelerated degradation of the creep strength due to inhomogeneous recovery of the microstructures under

relatively low stress conditions, (b)ldentification of the minimal conditions for (a) to occur, focusing

extensively on the interactions among the hierarchical scales, and (c)Construction of an overall

evaluation/prediction system utilizing the FTMP-based duality diagram representations. on them.

Key Words : High Cr steels, Lath martensite, Crystal plasticity, FEM, Field theory of plasticity
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embedded packet model.
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We propose a new surrogate modeling for homogenized elasto-plastic material behavior. At first, to obtain
the macroscopic stress-strain relationships, we conduct numerical material tests on a representative volume
element (RVE) of a heterogeneous material. Arranging these macroscopic material responses, we obtain a
data set of the macroscopic constitutive relationship. Using this data set, we construct a surrogate model by
means of radial basis function interpolation and perform optimization of hyperparameters. In the presen-
tation, surrogate computations of the load / unload problem of an elastoplastic material are carried out to

verify the feasibility of the proposed method.

Key Words : Multiscale analysis, Computational homogenization, Elastoplasticity, RBF interpolation,

Surrogate modeling
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Eis 5. 2Ok, AT 2~2 003 HOMT R
Gﬁ,%ﬁ%;ﬂ%lmﬂ&—yﬁib,%&ﬁ%%@
WART2<2700FAD VLA || DEAMEZZLE
B, 10 EEOaMBREREST 52T, At 1,110 7 —
2D NMT 2Efid 2. B-5(@) DT 7ITR”TRIEE
%m@mutvauaf&mﬁmﬁG%r%ﬁﬁaﬂ
%511—522—2512%?53?%[;(30, —S(b) bilh
LDEETERT A7 0FTAD /LA |8 Ak
BREZRLTWS. £, B-50b) Fo~x—h—13#
ffir— X IZED BT —XDMMBZRLTWVWS., F—&

ﬁuﬁvauufaﬁﬁw$ﬁi-2%2@ﬂfzu

Il 11l el
B1ED D, 1E- TR (15), (16) ITRI N BT — X
DIENE ng =110x 131 = 14,410 ¥ 72 5.

-1 13U E DS TS L 7= BUEM RLabR 2 515 &
NHE T — R 2 W TRBEL L2 =085 X —
RERLTWD., ZIZT, REMIEDZDD T — X5
HFZ ney =10 & L 7=,

2) REETFILOBERI
-6 D27 7%, B-5@) 2B\ TPathA,B¥ LT
RETHRT I VLN 1%L B ETr7a 0T AR

F28MFETHERS
]— PathA —— PathB‘
5.0
4.0 "
= 50 [ |
=0 ind
- A AN
00 SN N~V

0 20 40 60 80 100
Pseudo time ¢

B-7 REETILORBE L NMT ERDRE

Analysis mesh
Elem. A Elem.B

Case name| Material model(s)

of

Surr Surrogate model

o

Number of Elements: 1000

DA-40

Number of Elements: 4000
Number of unit cells: 40

Constitutive models

DA-250 in Figure 4 (b)
Number of Elements: 25000
Number of unit cells: 250
B
DA-1000

Number of Elements: 100000

Number of unit cells: 1000

-8 RIS

BML, Z0% 0% 7% % TR T 2 EEZ BRI
REETFIVCAT LT SNz~ 7 vt ]-0-3 AR
L, M55 NMT OFRZRLTWS. 757D,
Path A, B THICRHEE TNV DIESI- 03 AR NMT
RO —HLTwi e eiElTcE 5. ¥, K7
WERTER LIZEEAER % PathA, B ZhZ2HUzDOWT
RZIBETRLTWS.

||5.surr _ 6_nmt“

llo- |

BRI DT o TIRERN 5% % FEl->TEB D, 1EK
L7REET VI NMT EReFAEDO~ 7 0fin-03
A REBHAETHLEEZ 5.

Error = (22)

(3) BREXRMBIAADER

PR L 7= ARBEE 7L % W C B4 (a) IR R
ROMTHEO BRI 2175, BIR&MHL LT,
EE vl O iR ZM Z R L, BB IZE-4 (b)
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—— Surr Errors between:
—— DA-40 —— Surr and DA-40
—— DA-250 Surr and DA-250
DA-1000 Surr and DA-1000
0.4 20.0
Z 03 15.0
-
5 0.2 10.0 S
& 0.1 [y ] 500
2 00} (23S 0.00 &
§ v
o —0.1 —5.00
—0.2 —10.0

0.0 0.1 02 03 04
Diplacement @5 [mm]

X-9 HEEMUBRDLEE

R BRECHEIEN 25 2 5. K-8 135S 2 ik
=2 FNFRTHHAT 2R v 2 ZRLTW
%. 7 —Z Surr TIIRBEEF AL ZHWTERFT 2170,
7 — 2 DA-40, 250, 1000 CTIIIRRTEDORE % R
TEDOEEREEMT . 22T, HEFETEIX
7 afED R v ¥ 2 ZEEI 7SR KT 5 2
E CIEGEMBI O 2 FEIET 2 FIETH 5.

K-9 3% — R TEsN=, RoHBBRENCZEIT S
EE A OWEENBERY, 77— Surr DL o s —

ZADfRY DEERLTWVWS. T 2T, EEEIRD X
IIWEE L.
Fsurr _ F£DA
Error = ——2&) 2@ (23)

1 -
. i (F z%s))2

T, ng BITRATy TRETHY, i, ) 3%
neEhsr — & Surr L BEEICTHRONLEFH i ATy T
B Z2ROBHKED K IDEEFMK T THS. X
10(b) &b, & — R Surr DFE RIS EFEEHT DAGH & FHLL
DEMAZRLTWVWS. —J, BMERIETDI—AIZ
LT 5%ELE, DA-40 13 LTl 15% L EISE L TWw
20, ZODXISRBAREDFIIARHEET VOREETIE
<, BUAHE (b R e EERTICB Y 5 2= b
LD DINDBENTHE L EZIHND.
BEFEOREE S VI~ 27 ateiERE 7L 21K
BLTWA7D, 7 — R Surr DFFNTCIIEBEEREEL
HERICE O WTa=y A OSTERERNTH B L
REINTWD, —HT, BEAEMICBTIZ2=v b
EADTERZERDORKEXTH 2. 2D, ¥HEIL
FEERICELD L F R — URRAT & S 7 s B % 1
FTIC X o THE 270121, 2=y FRILDER< Y
OREEDOREZ I LTINS TEIREDD 5.
EIZE-9 55, ZOFBEFNCBT 2 EEENT OfFEH L
=y MEADY A XDVNE LR BIZON, 7 —X Surr
DOFERICHDE T 2 MHEBNCH 3 Z e HERTE 5. Mk
DFERN 5, 2R T 3R EF AL DHRI~ L F X —
IRNTIZ BT 2~ 7 a tbRER A2 G TRETH % &
Ezoh3.

HFE28METETHHEER

Max. prin. stress o™ Min. prin. stress o ™"

S ’ | g

§ jmi | !
gz | k
HER
> o™MPa] o™"[MPa)
E 022552 30 06 18
.
IR O e !
rg ‘

= B rl: i T

Q Tt =1 T

=} +

L e ot

T un a:

- - e
-~ 3 T NS 0|
¥ 5 i
%3 | g i
] I | '
= || T
i "™ [MPa] ""[MPa]
7 OLLOLL0Y 23 -‘1.75 ‘-1(290
S —
S ¥

........
T

E
‘‘‘‘‘

=
Localization
1

IJ T I

T i o
§ 4

I I

Li s !i
¥ |

! I

| T

X-10 Domain A |IZHF 3 RK /" RNELHDFHDLLE

Max. prin. stress o™ Min. prin. stress o= ™"

50 (Fully loaded)
DA-1000

=
Localization

100 (Fully unloaded)
DA-1000

t
Localization

K-11 Domain B ICE T3 &K/ RNERIFHEDLEE

(4) IRBFRILEEh

%12, B-8 127”3 Elem. A, B IZBW TS — X Surr
TEHEN -~/ nUTHERE 2=y M5 X T
27 u b EFTE T 2R LR 2 R L 72, K-10,
11 R 217725 Z e T s hRA /T
ISR Y, 7 — A DA-1000 (2B W TS 54172 Domain
A, BADEENZHERLTWS., 22T, KITRTIE
T3 t = 50[s] GEHIZAHRAR) &, +=100[s] (F&
FETH) DETH 2. R&D, SRZICBWTEME
FRMTIC & » T & BT OIS 3 HnE s hi
YRR TE . R-2 IFEE, SBT3
KEIS DERAME L /NFIE D F/MED MR %
RLTW3, t=50[s] IZBIT BEEIRKT SBIEET
By, BETENEHEEN L AEOBELZEH LTV
WA b, 7, Element AIZDOWTIEt=100[s] IZB
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K2 BALEBIR TR SN EISH DENRE

BREISS o™ DERKAE

Pseudo time Compared region Relative error [%]

El t A and d in A 1.97
50 (fully loaded) ement A and comain

Element B and domain B 5.35

Element A and domain A 5.27

100 (full loaded
(fully unloaded) Element B and domain B 29.02

97 (812 = 0) Element B and domain B 7.39

B/NEIES 6™ D fME

Pseudo time Compared region Relative error [%]

Element A and domain A 4.78
50 (fully loaded) .

Element B and domain B 1.30

Element A and domain A 1.73

100 (full loaded
(fully unloaded) Element B and domain B 85.42

97 (12 = 0) Element B and domain B 8.02

WTd t=50[s] E[FEEDIRZETHS. —77, Element
B Tl t = 100[s] CTRIFTLERNT & IEHZARNT DRRED A
FIECBE LT 29%, F/NFEBICELT85%k 72>
TW3. ZD &S HRBRENEU LRI, = 100[s] I
BiF % Element B DZEFIREEDIHET 7 — X Z2 [/ D AER
WCHEET 37077 EZo6N3.

®-12 134 — A Surr T8 & #17= Element B A D~ 2
oa -0 FABBRERLTWS., BRI 28, DfE
MEPSEANLEETWED, B-5»5H502I2Z0
X O RBRIBERI T —XICEEThTwRw. Thbb,
t = 100[s] 1231} % Element B ODZTEIRBEIIZL T 7 — &
DZERIANHFET 5728, HfifiT— X DIMEIZ X % RBF
MM TONZ e THERBENMI N LZEEZ N
5. EB BREFICE, BPBEXZO0OLRL1=97s] T
EETARBE I BT 7 — & DZERIPICFEEL, Dk X
DEI DEEE IR L B/MEDOH 122V T 10%
i TH 3. UEOFER?S, MR T 23EBIRED
HENT — X OFEHAMNICE TN TWS Z e ds, 1R
THORMET IV EBEHARERSZMTH 2 Z & PR
nr-.

5. #5ER

AHFZE T, B AR R O FE 7L % RBF
MEZHOWTERT 2 HEEIRE L. 2E2FEOR
BELLTD28TH5. 15BIE~7eEBBEOTAL
XN 2 H - 1 B AR % RBF fiRICE AT 2 22T
SV R O JB AR I 2 B 2 G S R < RIAATRE 22 il
MR IRR LS TH D, 2 HEITRE R DB
BN R=RF X=X LTEEL, Ritick->
TRELZETHS. 3, 2=y b LTX
FXEREWERE Y5 2 2 BEME B T 3 2
Lo rnib-03 AR 20BREICET 27 —%
N=AEER LTz, ZDT—RRX—=ZA0 BAER L 72
fifir— X % RBF#iff] 523 22T, ~7nidia~r
nEEOTARANE LT ap 283 3598
{LHEMERE R R ORI E T A ZER L 2. 2 DR, R
ETIILVDIENBEY AL 725 X 5123 DDA R—
IRT R — R FEMGE L ZEE o ChRgE b L7z,
BEFTEAICBWTIE, ERLREETLVERHWT
~ 7 uafift e Rt EEML, 1556 N7 RE EER

F28MFETHERS
€11 — 011 —— 28p—012
€99 — 02
0.05
0.00 -
£ 005
2
= —0.10
1S
—0.15
—0.20

-03 -0.2 -0.1 0.0 0.1 02
€ij[%]

X-12 Element B O OI51-09 & EE

WroFERe T 5 2 » TIREFEOHREICOWTH
AEL7z. ZOfER, <7 uaf@itiicB VW TRET 2L
RRERDS, Bl — 2 M OFEHEMNICINE 255, BE
FIEDEERN C AFEOMREBR NS Z e DI D
L. —HT, AT — RZER OHEFHN L 12 5 2T
REEITH L Tid, IRETEOERIIERBTORSR
MHES 2 Z e RSN, 2D, <7 affiiT
RET 22 TOEIREEHAN T — X RPN E TR
HEFARERT 22T, 20K RE2 306 &
harEzohs. UEONRIZBE, FERXE L
TSR T H 5 [6].

HEE: ARWFSLIE JISPS BHFE 22J13235, 22K14142 D
B =372 DTY.
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Surrogate Constitution-based Multi-scale Analysis Method for Nonpiriodic
Microstructures

FRRTEAAT D RS 2 s — ) ARDE =Y SFHE A
Akari Nakamura, Yosuke Yamanaka, Yuichi Shintaku, Shuji Moriguchi and Kenjiro Terada

HEIys

DEALRS: TEIF5ERE (T 980-8572 B IRIRILEG T & FEX &S5 4E 468-1, E-mail: akari.nakamura.q5 @dc.tohoku.ac.jp)
g (I) WALKEE: TAFFERE (T 980-8572 ESRIILA T HH X FRAF HHE 468-1, E-mail: yosuke.yamanaka.s7 @dc.tohoku.ac.jp)
I (T) FFARFE > 27 28 HFR B (T 305-8573 ZKE D <MK ESR 1-1-1, E-mail: shintaku@kz.tsukuba.ac.jp)
D () BALRZE SEERIEERHTZEAT WEZEZ (T 980-8572 EIRILIIA T H EX AT H L 468-1, E-mail:
s_mori@irides.tohoku.ac.jp)

M (T) HALRE KFERVEEIEHSERT 800% (T 980-8572 BHINEMLA T B HEX AT H I 468-1, E-mail: tei @irides.tohoku.ac.jp)

We propose a method for decoupled multiscale analysis of elastoplastic composites with arbitrary mi-
crostructures by combining “Numerical Material Test (NMT) allowing nonperiodic distributions of con-
stituent materials” and a method of creating surrogate homogenized constitutive law. First, a constitutive
database is constructed of the macroscopic stress-strain responses that are obtained by a series of NMTs
with minimal kinematic constraint for nonperiodic microstructures. Next, by using the response database
for training, we create a surrogate model of the macroscopic constitutive law whose hyperparameters are
identified by optimization methods with cross-validation. Finally, we carry out a numerical simulation in
which a macrostructure with the created surrogate model is subjected to tensile loading and subsequent
unloading, and discuss the capability of the proposed method.

Key Words : computational homogenization, multi-scale analysis, minimal kinematical constraint,
nonperiodic microstructures, numerical material testing
L ELoic p—————

Wb 7o 2 F v ZIiTREI N2 EAEMENE, Z ¥
D 2 71 A7 — )V TORERAMERR Z Do 1RHE % filfE f
FTRZLTHED~YZuRr —LoYEnEeonsd
e, HABRERTERIATWS. HELRICHE
DL NTF R — RN, EEMENC BT B AR
AR DR FIEERE L2 7 alEfr s~

(a) Plate of GFRP

© —MRAFEABARGEIER

oY ORE T 21T o725 2 T~ 27 nifidE o 4%
%7l $ 2 7= ifThi, —RiCHER DY 7o —F
PERHAINS. EROPEER < IVF R 7 — VIR T,
I 7 o HEICR U CEBEMEERER (Numerical Material
Test: NMT) [1] 2175 Z & T, IKEL =~ 27 ot
DRI R —REREL, ~ 27 aiEEOHMN 2 FHEET 5.
L LRds, EMEDZ I, K 1IORT—HM
GFRP O & 5122 7 ufE@NE e o fmicid o
ZJEEER R 0, EEOIRED AR~ 7 v
YIEDIE S D EANDHER Y DRI R AIITHbIT
W3, £, FHREHETE R LF R — LR
WricBir s~ 7 allloRENEM FOFEY LT
N TWB., £ ZTRIFFETIE, FIEDS [2] DR
L7z “2 7 ufE oI Z3FA 3 2 NMT” &L
5 [3] BER U7z “REE A oML EHA
BOET, EFEDI 7 uliiEz A3 2 HBEEAEME
DA<V F 2 — VIR FIERIRR T 5.

K-1 75 Z#EiERIERIAS (Glass Fiber Reinforced Plastics,
GFRP)

2. MEEICED < BEMREER

AREITIX, HEEICE S 2 F R 7 —LREIC
DWTHEER ST 5. £, 1ERD I 7 aME I mEz
IRE T 2 HBEIERICOWTIRNR, BREHF IR/ ES)
2RI (minimal kinematic constraint) [4] Z#R 3 E
BLIZOWTIRR B,

1) Z/OBEOEABMERELEY—XT7T—ILEE
FETER QF AT 2 IR I 7 aill (2= v
ML) E ey ¥RL, FliIGEROHEEK (<27 v
B) 2QrRT. 22T, eldv7oEucits s 3
JOMEBOREXERTRNIXA—XTH3. v~/ 0l
BMOQIWBALLBEERx e QIIMELT, 20
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e ZHWTHEMNT b 5 I 7 aFEIER
X

y=- 6]
€

PEATS., INSHDOMEER X, y I CENENDHT 5~
rna, I7aBERCTI=y e LNOES)E b
T3, v 70N, vraih, v 7unidaE~ s ok
TRICKTFT 2B LT, ZhZ2Ni(x), 6 (x) &(x)
eRL, Ir7aZf, I7aEELENM, I 7aib), 3
7T A% I 7 aEEROMNERYY LT, Th?
Nu, u (x,y), ox,y), elx,y) ¥&£3. &8, ZIZT
X WB~ 7 aYEEERET 20D ARF A -2 R
N3, INSDOERERWT, I 7 oIz ELHE
REMERRTIBED 2 25 — VI FUEE O L i T2
REUTFTORTERINS.

~ 7 1 ig AR E ()
V.o(x)+b=0 in Q
0x)=(o(x,y) in Q
&x) = VWi (x)
(x)=ua on 0Q,
f(x)=f on 0Q,
3 7 nEYEME (3)
Vio(x,y)=0 in Y
e(x,y) =VWa(x)+Vu(x,y) in Y
u=8&x)-y+u* in Y
u (x,y) oy, —u" (x,y) oy, =0
ZIT, bIMEHTHY, a, txFhEhTF4 )2
B oQ, &7 4= R 0Q, B 2 EN L ENY
MVTHB. T2, 3 7ulibhoxy) MEEDI I/

MR 2 FHW TR I N S.
(I I 7 af Y ITBT 2BV THD,

1
) = — odY 4
(o) mfy 4)

TEHEINS. T2, V9 ()1, V. (o) DXFIESTH
D, XDXIITELL .

o= L2, (22)
Vx<)—2[(ax +[2 5)

(2) FEERRFMHDOIEM

AIHTIX, FED 2] DERE LIFEINZEFE S %
NMT IZDOWTEET 5.

F9, v /n03AHEXEIIRDTA ey D
KEFED» S, RADEIIICKDZ N TES.

in Y (%)

E(x)=(e(x,y)
= (VWit (x) + VPu (x,y))
= VWit (x) + (Vu (x,y)) 6)

ZO=RIZUUFTARR 2 D FTALEET S
72D DRBELEMIIRRTEEINS.

(VOu) =0 @)

BBEEETHHER

HEslk, FAPBERET ¢ Rbo TR (NN EI 20
BEFUARTE OISy LTRHWA Z e 21RR L. 7=
2L, N7 DAEZFIKIZEL T 258, I 70/ED
MAEBAZE RN TE ST, 227 — VEFYERE
DRBRE L 722720, F DA EED) & WA EE %250
Z B TDIZRAD & 5 Rl EIMZ 20BN D 5.

(w*y =0 QfiEESNCE S 3 HIF5M), (8)

(VPuy =0 (FIKEESCBS 26805,  9)

ZZT, V(o) BXXTERENS V, (o) DAL

DTHB.
o=l (5]
Vy()—2 o o (10)
22T, RO BV 2R T 23HE5EMHFI,
(Vyu*y =0 (11)

TH5. LldoT, 2R —VIEFMEREZTO
IowHsHDLNS.

~ 7 n iR YRS (12)
Vio(x)+b=0 in Q in Q

G ={(o(x,y) in Q

&(x) = Vit (x)

#(x)=a on 09,

t(x)=ft on 0Q,

3 7 u B FYERE (13)
Vyo(x,y)=0 in Y

e,y =Vax)+VPu(x,y) in Y
u=&x)-y+u" in Y
(wy=0 in Y
(Vu*y=0 in Y

3 =IEFHFERENOE 2 X —ILRE
PE S I BINEBIZZIHIRSEME (8) & (11) D RTOD
2 27 — )VIRE(LREERD X S ICER L.

{@i,u} = arg inf inf F (¥;w") (14)

vpey YweV

T(ﬁ;w*)=f<’W>Q—f i-ﬁdg—fi;.ﬁdg (15)
Q Ow, Q

W (T5+ V) = 5 (V09 4 90w) - (V05 + V)

(16)
YV = {w" (e,y) | Egs. (8) and (11)} (17)
V = {(#(x) |9 = il on 0Q,} (18)

Z ORI & I 7 n—< 7 nEg@ELRECOWT, XD
IS % Lagrange DAEREL A € RV™N = A L
T, RO Lagrange B % E&K T 5.

L(i*,,l;v)zf(a;w*)+f,1;<vyw*>dsz (19)
Q
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ZIZT, LeLR)THE. ZorE, HER
1@“?3@%%( Z &, Lagrange BAR(DFEHEZ KD
L5ZEFABTHE. LiehoT, FEEBIZOVWTD
L@ 4y) DIEE RIS Z 2 TRAD & 5 BAAFER
RIS,

D L[ov'] =
f«r : V§?>5u*>d9+f,1; (Vyou'ydQ = 0,
Q Q
Yéu* €V (20)
DL[67]1=0
a‘fﬁ&ﬂ%f‘iWM—fiwwza
Q 0Q,, Q
Vit € V, Q1)
D L[sA] =0

> f SA: (V" )dQ =0, YsdeL(QR)  (22)
Q
T2, Vo=1{0i(x) |6 =00ndQ,} TH5.

3. RBF @RICED <K KEBHYELLETIL
ARETTWE, ILHS 3] 234EZK L 7= RBF filifd %2 v/
~ 7 o AR O REGELE F I OWTEHRET 3.

1) BEMEERERIC K 377 ORH-03 HEROEIS

TERDITEER < L F R A — VIRFTIZ BT, NMT X
Dﬁ%ﬂtvﬁnmﬁ'77DU?6%M#%77D%
ARAIDOBEEZIRE L, Rt 7 13V X6k % H
WTARTIX—ZZRELTWS. ZOE, LIPS IERK
D& R~ rnithe~rnZHerRTEROMZE
B33 2iBRL-.

7= 4(f) 3)
7= 4)

ZIT, ok ElX NN Voigt Kt~ runlik
<7 O0FTATHD, ¢ e RV 13~ 27 iz
T 3R MVERE, feRYVOIIHHAZERANRZ PLTH
3. WBZEBO—oOTH % & 1%, WBMAE O E R
KIFEEZER T 27-DICEAINE 70 RE0TA
THYH, ZORNIRAD XS ICERSINS.

o= [ e e el -s)las @

T TIT, & (3R 1B 2~ 2 m O3 AHET

BBEEETHHER

— Cross Validation
Data set
Fold1 | | [ 1 | — Error e
Fold2 | [ [ 1 | — Error e;
Fold Nev | | - | —» EIror exe
‘ [] Validation Data [] Training Data‘

Parameter set
(mv, B,11) [

Loss
Ney
e= g 612
i=1

1.Update the parameter set with crossover and mutation
according to loss e.

2. Repeat the same procedure until the optimal
parameter set is finally recorded.

Differential Evolution

-2 /NS X—2&EL
TorE, x7uBHOTARY 00T AT A =
Atg; ZHIOWTRD LS ITRSN 3.

giee —s +As,{ (8‘/"”.'.1 >+H(ln“—s]n+1)}

Jn+l —
(29)
ZZT, e, 0,1 (ZENEIRUREA 1, 1,01 1ITBIT BMH
TH5.
(2) RBF #f4

RBF Ml & &, 7 —&X & fIIT 208 ¢ Tt
JEERA% (radial basis function, RBF) T3 2 HET
H5. BHIOT =XKL fu) BT B I0E ¢o ZRD X5
WEFRT 5.

b =9 (Ffi) = {bo1 din duw.) (30)

¥/, FEOAT f L fo Oz 22—V v LA
EHOTRD XS ICERT .

Ni

2
2 (fi-fos) 6D
j=1
SR L REAK g VRO » B RIZO Y T B A 5 — (i
BIECH D, b oldy 285 X =& ny, OfEIZK 5T
Al E N B RO TERL 2.

ro () =If = foll =

B, He)ENEHA FETH S, 7z, s zmn . H(m)(f))2 v
FZMZPNHERKOBAVTAL RNOTATHD, v B
RARD X IER L. ny = 2: 1+r(i)(f)
(Z:;Fli“ = vmgé] {gj (s)]s € [0, l)} (26) ’i(‘) (f) 2\ —1/2
i = = ! 32
R TR BCY S A B | A0 e
* ri) (f)
A% A 2T B L, BB 1,0 1 A, BFTOT ny =4 <1 + g >
RDOESCRTZLNTES, ro ()2
il
thel =1, + At (28) B
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Fiber Unit : mm

Resin
O e
@ Q ‘ 739 D)
v ° W ;
L.

—_ =
N
©

2

e X, 1478

(a) Micro structure (b) Macro structure
R-3 s/O8Ee v o O8E
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Modeling of Periodic Boundary Condition with Contact over the Boundaries on Homogenization Method
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2) (L)
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This study proposes a homogenization analysis model that includes a closing gap. In this method, the

flexible membrane elements are placed in the gap, and periodic boundary conditions are applied to these

membrane elements. This method can be easily applied to general-purpose codes. To verify the

fundamental functions of the proposed model, compaction analyses of spherical particles arranged in 2

types of cubic lattice are carried out. The results of the analyses using conventional symmetry conditions

are used as reference solutions. The analysis results using the unit cell modeled by the proposed method

are compared with the reference solutions. The results of the proposed model agree with reference

solutions.

Key Words: Homogenization, Contact, Membrane, Periodic boundary condition, Particle compaction
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Development of elastic-plastic decoupling multi-scale simulation method using SPH
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The purpose of this study is to develop a decoupling multi-scale method using Smoothed Particle
Hydrodynamics (SPH) for analysis of elastic-plastic deformation which can also deal with Severe Plastic
Deformation (SPD). It is well known that Finite Element Method (FEM) has weakness in simulating SPD
such as Equal Channel Angular Pressing. If FEM is used to handle elastic-plastic materials, which are
highly dependent on deformation history, the meshes of material get tangled and it leads to stopping
computation. To overcome this problem, the mesh of material should be re-meshed and historical data
must be mapped for several times. However, repeated enforcing of such operation results in accumulation
of computational error. On the other hand, SPH is a meshless method, and it preserves historical
deformation data for every individual particle. In this paper, a decoupling multiscale method will be
introduced, which is composed of macro-scale simulated by SPH, micro-scale simulated by FEM.

Key Words : Micro-Macro Analysis, Decoupling, Smoothed Particle Hydrodynamics, Severe Plastic

Deformation
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Fig.2 Virtual macro-scale model to input deformation gradient
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Fig.3 ECAP model for SPH simulation

Fig.4 Poly-crystalline model(30 grains)
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Fig9. Figure to explain theoretical modeled function of
ECAP
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FE2 Evaluation of the Effect of Distance Between Adjacent Voids on Ductile Damage

A BeRY, fadf Fnc?, (L D
Sakuya Imoto, Kazumi Matsui and Takahiro Yamada
DE(F) BHRENL R PR FEBEREEE T (T240-8501 Biiiifh +r X FERE79-7)

(L) MIRENRFRFBEEREEE R IEE HE#805% (E-mail:kzm@ynu.jp)
DN BRE N R PR FREREEE AT ZERT 0% (T240-8501 #IdifR + o B X F R E79-7)

Various papers have pointed out that the distance between micro voids affects the macroscopic damage
behavior of materials. In this study, multiscale analysis is used to evaluate the effect of micro voids spacing
on macroscopic ductile failure. The macroscopic loading conditions are transformed by the multiscale
method. By changing the macroscopic stress direction in FE2 simulations, evaluate the anisotropic
responses in macro-scale, which are caused by their microscopic structure. In addition, the effects of
micro-void distances are also evaluated in their macroscopic failure behaviors.

Key Words : Damage, Void Growth, Void Adjacent, Multi-scale Simulation, Anisotropic Material
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FTMP-based Modeling of Bauschinger Behavior for Polycrystals
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Modeling Bauschinger behavior, a typical softening stress response, is complicated than it seems, because
its sources are distributed over evolving nonhomogeneous fields at various scale levels. The present study
tackles the fundamental aspects afresh based on FTMP (Field Theory of Multiscale Plasticity).
Specifically, two representative scales of grain aggregates (Scale C) and dislocation substructures evolved
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intra-granularly (Scale B) are systematically scrutinized, together with their interactions.

Key Words : Bauschinger effect, Polycrystal plasticity, Crystal plasticity, Field theory, FEM
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FTMP-based Modeling of Fatigue
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Modeling fatigue crack initiation process has been one of the long-standing difficult-to-solve problems,
in the sense it should involve numerical representations of (i)PSB-ladder pattern formation and
(i1)”intrusion/extrusion-crack” transition processes. FTMP (Field Theory of Multiscale Plasticity) -based
FE simulation enables the both in a practically-feasible manner, just by additively introducing
incompatibility tensor-related underlying degrees of freedom into the hardening law. With extended use
of the incompatibility rate can further allow us to express vacancy formation process associated with the
PSB ladder structure. Dislocation dynamics simulations that mimic ladder wall-mediated vacancy
formation processes are examined in the light of the incompatibility rate, with which the subsequent
diffusion analyses are combined to the FTMP-based FE simulations.

Key Words : Fatigue crack, Multiscale, PSB ladder, FEM, Crystal plasticity, Field theory
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Fig.8 Variation of vacancy concentration contours with proceeding
straining cycles.
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Characterization of Local Mechanical Properties using Instrumented Indentation Test
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Ikumu Watanabe, Ta-Te Chen, and Dayuan Liu
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Instrumented indentation test is an extension technique of hardness test, which measures the load-depth
relationship. Based on the technique, approaches have been developed to estimate the stress—strain curve
instead of tensile or compression test. A load-depth curve using a sharp indenter such as Berkovich indenter
does not contain enough information to estimate a unique solution of stress-strain curve. Therefore, dual-
indenter approaches using two sharp indenters with different apex angles were developed. In this study,
we developed estimation methods using a single indenter, where data-driven approach based on response
surface produced by computational simulations was proposed.

Key Words : Instrumented Indentation test, Mechanical Properteis, Inverse Analysis
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