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Development of a Microstructure Prediction Model for Aeroengine Metallic Materials
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Aeroengine parts are produced by carrying out casting, powder metallurgy, and plastic forming techniques such as forging.
Forged products usually have little variation in terms of strength so this method is applied when a high degree of reliability is
needed. In addition to the product’s dimensions and strength, requirements are also set with regard to the quality of the
microstructure if a particularly high degree of reliability is required. Based on these requirements, IHI is developing a new
microstructure prediction model that takes into consideration the physical mechanism that occurs during the forming process in
order to accurately simulate the microstructure evolution. This paper discusses crystal-plasticity finite element method ( CP-
FEM ) simulations, which form part of the new model.
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Fig. 2 Strain distribution in a workpiece subjected to uniaxial compression
and three observation points in EBSD

(E) (1) B E BT ERTNA,
(2) BAESHII R DRGSR EZET 5.
(3) LMl FCC #EEtEFOmMEIEA A — T &RT.

%3 PR L 72 REFRE 7)Y (HAL D pm )
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Fig. 4 Stress-strain curves obtained in the uniaxial tension test conducted

in the experiment and the CP-FEM

IHI 38 Vol.58 No.2 (2018) 49



=S 28 mm O EHERR L L, 7L A HWT,
FOTAHEEDH 0.5 57!, EHEE (LGRS 8
EE ) 40% DL A G-2 7.

PR DAL Z AT B 7200, ZIHTB X OER#D
ABRA & LT CYIT - BRE L, 882 RIRT =20
FHfifziE T EBSD M7 12 & b AHfkES: L 7.

4. BREZBE

4.1 AREBEETEEHER
T4, FERERICOWTHENS. &5 RIEFHiIHO
REEH OV %, EBSD HlERRE LT, 88 6 RII&RT

(a) EWHHOFESH~ v T

20 30 & 5

(a) ZEWHE (b) EW#E

£ LIt DB O FH8
Fig. 5 Photographs of the workpiece

WA~ 7

A 1

LA}

HEETTIE

111

001 101

() *1 BURSER 2 b it 5 el oS it

%6 LTI oMM s~ v 7 (EBSD Ml )
Fig. 6 Inverse pole figure maps obtained using EBSD data

50

IHI 3 Vol.58 No.2 (2018)



AL |2 B 2 TR RO R~ v 7 (BT
T ARSI E N T —RLEK) (-(a)) 257, B
oMK (WEBER % Bk < i 5 BELL EOBER)
(-(b)) THY, K oOmOmIKESE TR, &
B PR OAMEIZ L - TR OIKIZEREZ Y, 72, @
DRZFTERRERL Db, Tabb, O Hil
R @ Wi ClE, BRI AT P WIIRIC 7 o 724
SRS &, B X o TRESRIDSTEAZZZ L0500
b, Fl—o0ERROTTHENR ST T a Dk
L T2 b DO0% <, BRI & o TRbEFLOH Tt
m&ﬁmﬁmﬁﬁitt:&ﬁﬁﬁ . =7, @ kT
L, ZeETE L CEEE BT R S e,
%7& ZFRT RO R (GBS RZ2RIE L LT,
RN O#E S IO SR A R L7ZK) 2R3, HOTIZ
HLEFE, BERKICBWTERT M ERL T»
5. WHEEKTE, Mohizdhs 7y NoGhE R L
T, WEEESAERIC B AiES A OETRME % BfFE T X
. BRI EHIEAE TR T v ¥ AT Oy

i, @ ETENETNR R 2 EBENERL TS L
Wohh. O HUEETIE, 70y hOBENIE- &) &
LTBY, I EDNEIZZEA>TWD. @ i
T, O HLERE MEA R 558, S AN E
DAIEIZFHS>TWD, O L) RERBEROENL, FF
AL £ > TEHRNZ: O RIRENELR Y, A
s LR T WHTIGEWDE L L7200 EZ H5N5.
H, @ EETIE ERAPSORELSEDL->TELT, K
RELTCT vy ak7uy bThL, iU, @ L
HEERF IO Ty KA & Vi (HEHAEBIC BV TR
FTHNC AT & 2 70 Wl ) IELTB Y, 1FEALY
BEL Wz bEZ LN,

4.2 HEREM FEM

2 8 RNBNEIZ B 2 ETRHEOBMNMESOK L 7R
T @ HOEB TSN D SN TERIZIED - 72
W @ i CIEEAEBRT ORI O7K, @ HET
FIEFEAEER L Thiwn (7Y FX &)U ) JIKIC
o TBY, TNEIERGEMLE LTHGRIRLRLVTH

FT%ok%@#,%%%Ti%%#:Cﬁﬁwﬁ(Dm REEZ ML L 7245 DM O N T D, SEENEL LK
i =
IH H
® D
ELR (VAR (OF I
@ F
{ill}

HT1H

() AD ( Axial Direction ) : #li /517
RD ( Radial Direction ) : *[*f£ /7]

{011}, {111} AR BN BT H 9 R G

ZIEHitR ORI ( EBSD Hll5E )

Fig.7 Pole figures obtained using EBSD data

IHI $# Vol.58 No.2 (2018) 51



® D

@ L B

HsE

71
L//Q%ﬁm

ERBEOHRERE T VOTIK (5 REYE FEM )

Fig. 8 Shapes of finite element models after compression simulated using the CP-FEM
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