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Abstract: A numerical model for the initiation and propagation of cracks in duplex lamellar microstructure of Ti-6Al-

4V alloy was established, and influence of duplex layer microstructure ratio on the toughness of alloy was investigated.

Based on crystal plasticity theory and coupled cohesive force model, an RVE model of lamellar microstructure was con-

structed. By adjusting proportion and distribution of the duplex layer, the location of crack initiation and propagation

path under tensile loading was predicted. The simulation results indicate that the subcritical propagation duration and

critical stress intensity factor are increased with the increase of layer proportion, and lamellar microstructure can

enhance the toughness of alloy by reducing stress concentration and dislocation accumulation. The results are contrib-

uted to a better understanding of potential toughening mechanisms of duplex layer microstructure in Ti-6A1-4V alloy.

Key Words: Ti-6A1-4V, Lamellar Structure, Cracks, Numerical Simulation

Ti-6A1-4V 1E Sk — Fh 3L 7Y (5% S A 4, R Lo i
1o TR S o T A e T N A S R
AR B Ti-6A1-4V & & HAT &
BP0 BE 5 T IR o B L iR 2808 H IR T 8% my i
bR BRI, 5 G LR AT AL B FE R IE BT b
5 5 i R 5 BE Y R R B LS R L DR SR AR Y, #Ak
KA 4 N PG AR 2] 4UG A8 Sy WUAH e 2 4 40, %
e LR S A Uy NI /(TR S ab W 08 e SR E I 2
I )23 2 20 5 ) Okt JEG B ) BIL A ) A A R ik

Y #5 B #5:2024-04-30; 81T H #3: 2024-06-23

Z U L, i B U 5T U R 2 LU A &
Y 5 S0 AR 5 e LA R R

BE 5 4 BHROU 2 2L 25 4 e s 98 10 H 28 TR A5 8
B 0L A B PR A T R ok B 22 Y T 9% S8 A ST
AL A A AR Y I 25 5 HIO(E B S0k BIF 98 4 R B T 24T
Ko LITHEEFIH G Foh 1500k 3k 08 T 522 y/y
L P BB X 55 8 (Cohesion zone model, CZM) 7K #) £
B, 454 Voronoi Jrik# S T 2 5 y-TIAL ) 40 WA RS
JEH CZM AW S B & Bz B B v g 5 1 i

ESTE . HEARPIE S %I H (52175359) ; 14 J5 B2 4 %8 B35 H (2023M743281)
E—EEE A, T 1999 4F 4R B B 5848, E-mail : 1549415252@qq.com

BEMEE BE, B 19834 i E Bl #4% , E-mail: duanwei@wust.edu.cn

SRR e A, A B AT 3R L 4E L TI-6A1-4V & 4 XU i J2 4 2L TOUL T 24 3 AL RS T ). e b 3 AT (8 42, 2025, 45(5) :698-703.
DANG L X,LIY Y,ZHANG T,et al. Microstructure evolution simulation of duplex layer structure in Ti-6A1-4V alloy[J]. Special Casting &.

Nonferrous Alloys,2025,45(5) :698-703.

698



Ti-6A1-4V 5 & XU 2 VR OUL I AR AL se AR 5%

y-TIAIG & RHEY BIT I Z RERA . XIE G Q
L 0 o T 3h S S LA A CZM BRI 5T df ok RS
X Z b NITIA 28 eI FZ . S T HERR A M A
XA RE 12405 s ma AL, ZHAO Y LAF T —
ot 2% L& A S I I 19 22 b R 22 ROBE SRS O 1 o I Tk
BT o8 2 IR B APEEE R CZM B 25 5 %
BT ORI ROBE B e E R £ b T A
TR B RE2H 2 235 1 R A5 BBO(E AR B T i (R AR AL 1
i

AR T AR RO A WL
RNAKGRERY ST 7 2l B AR R MR R 56 (Rep-
resentative Volume Element, RVE)# R | 3 13 #5248 15 0]
R ZHANE AN E S Y REE R ERHAS &
503 A xb G A BIE RS2, 5 AR R 7 R S

1 2R BEASRBARMERAES

1.1 BEBEEE

A 5T o A 8 M B8 B T Huang B0 4 B2 AL 78
1 T L @i 5 VA R R AR N VR N | B
PEAZ I AR E GG i B b = 2 Sl A6 4 0 Bl il ) BT
TERRAE TP o BN S AR BE F Rl KRR
F=F°F" (1)
FHr, Fe O g S A B 0 455 A R 2 T IR AR R
B PP AL o B S B AR B EE . FP YRR
BHRNEBERE AT RER:
F(F") ' =y5s"Qm* (2)
Ao,y By UI R AR A 55 Ry W B8 Ty ] 5 m o W B T T S
] 5o R X NS R o B UI N AR 2y N 4 b)) 22 1)
ENFEROC AR

n—1

(3)

g
K, A AT 5T U N T 5 g A M A BE T 50 R 55 Y A B
EERB W SR

&= hyy’ (4)
Ko, g AR 1 B0 A, IR R 2 R AR
Moo= pBHF, N AL R oA BT, N VR AR AL
HARRE LA i s W F

h,= h(y)= hysech’ hay (5)
T.— T,

y:Eijw (6)

hy=qh(y) (a7 ) (7)

A, ho 9 90 b RE AL AL 5y Oy JOT A T % SR BB DD R 2%
7o K 0 W 5 53 VD0 T 5 7 DAy MR AR N T 5 g O R
PR A BE A5 9 B AL 2800 LA
12 ARANKE

AHE TR F R B A A Ti-6A1-4V & & o0
ROBE 9 W7 2447 O o 3 ek e JL Ao A R S R TR A7 A
L SANENCE DIV SRR FAUITE (G [ P vl
RERG 5 3 1T o, 3B oA O R BORR T-S 2. T-S
i 22 A 2 Pl 5k 00 5 AR Z B OG R A IE L Hop
BAE R TR SRR B AR )
A It 2 R 2 0 g 4 05 B ) (G B N
IF, P9 J2 T 6 O 00 AR AR, 0 A R BB A8 Dl WLk
Al e 1Y 0o BRIV S TR B R R AR 3 1 B 1D o,
i, R )R SE AR

FAES

Bl ARAHER
Fig.1 Cohesive model
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Tab.1 Bilinear constitutive model parameters' "’
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Fig.3 Boundary conditions of model
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Fig.4 Crack initiation locations of model with different lamellar microstructure contents
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Fig.6  Crack propagation path in polycrystalline region
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