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Fig.1 Microstructures of TA2 under different heat treatments: (a) MO0, (b) M1, (c) M2, and (d) M3
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Table 1 Mechanical properties of TA2

Heat treatment No. o,/MPa 0/% Jic/MPa-m
As received MO 339 32 0.21
750 ‘C/1 h/WQ Ml 375 30 0.56
850 ‘C/1 h/WQ M2 407 29 0.61
850 C/1 h/FC M3 334 30 0.24
Load line
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Fig.2 Schematic drawing of the standard CT specimen
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Table 2 Data of the stable fatigue crack growth prediction
Loading condition Coefficient Index Heat treatment No. Scope, da/dN(mm/cycle)
MO >1.25x10%, <3.39x107°
A C, 1.6x10° m, 3.2893 M1, M2 >3.52x10%, <3.39x10°
M3 >1.76x10, <3.39x107°
B C,2.4x10° m, 2.9813 All <2.55x107
C,2.8x1078 m, 3.2893 MO <5.11x107°
C C,2.2x107"° m, 5.2269 M1, M2 <7.58x107
C,2.4x107° m, 4.3623 M3 <5.62x107
D - - None -
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M2 4 1Y Paris 2324
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Fig.3 Crack growth rate da/dN vs AK under different loading conditions: (a) R=0.1, AF=1922 N; (b) R=0.1, AF=4803 N; (c) R=0.8,

AF=1441 N; (d) R=0.8, AF=2400 N



* 3748 -

Wity GJd MRS TR

848

M 3¢ FTRAURIL, WITTA RS Rl AT €S
REIX, PRAL BT J5 RSy Re 2 LR B 22 5,
Qb PR 25 A 95 Gy R R, M3 #Vb B]S 1) 22 5 88
N, TTRESE N ) M3 RPEL ) 2A PR E S AR B FTARIL . XS
T MO JERAM R, MY EEREE 5.11x107
mm/cycle, REOY EIEANREY REF B 0T M1 5
M2 4 RE, MGy JEE L 7.58x10”° mm/cycle, 4
LY R HE NGRS P B 3 M3 A RL, ULy e
BRI 5.62x10° mm/cycle, LY EIENPLEY
Brigt. XU AAEEE, FEd RRIXE), JoHZE M1
AL P M2 P PSR R, BRI BUE R RE LK 2.

B 3d "] LURILRSY R F 58 2 A RAK 5
i, TR AR EY R Bt Hrh, Mo
RN 55 2480 e R d iy, M5 M2 FAAR B R 9% 57
ROy R HF AL, M3 AL BN 57 R ALY R MR A
Trpia . MRS I AR K. Wi 3c H &l 3d
FioR, s LR, AR AK KA AL S R ey
FE AR B FUAR . HAARSUE AR 2.

Bl 4 kg ANTR] 9 55 38 ar LA B AN [F] Ak B0 RS0y e
HIE I 520 . Jorh, Koy RN RS TIT N J) 9 B2 A1
Kinax 28718 556 KV 758 85 DR 7 o Ko/ Komax B8 K 2 R A 24 4L
IR BEATAG . A 4a TRTRURIL A Zingkis
RN, G AR BOAS R F 4 BN RS0 REAT 2L
AT ZE AR, MO MORHREY A7 A sy, M2
AP S B ST AT R A IR e 3K S bt T AR Ak B0

I TTHE DX LS00 B R . AR SR [27]24 R /N
JE R A AE N X RSB A XS

y = 2 (AK
¢ 3r 20,
A, v BRI X RSE s AK g N i J5 TR 7
s oy N IRSRIE . DLRIEA R MO 5 M2 FEHE
Pk, s R IAEAK=10 MPa-m™ I, MO #1F
FIEAPEIC RS 23 um, M2 AR R IX R SF 2 16
um, AT T2 ok R SE 57 umo BEHE M2 AR Ll
T 5 T 32 B R oW A 2L s, S R SF R
B A A3 L J A IR BB e, (AN RIS T R
DX IR 57 480 R R . 5 IR RIS M2 #4R) i I
Pt P SR R, AR TR BT
HEHA IS, R G RHY Y RE ke L
BAHZER. 856 - 3 B4R DHEN R T A Kmaksk
PEFAAAEIE TR X B s, SLein 4 1 LT A7 A
MYy R IR . Ftk, 78 By C M1 D KNtk
AR 6 LA 5 2 W ) 2 R 1
A BT AT L FRUME ASTM-647R2 1 i 5E (1) 2% 22
i 125 1) T A 5

FRAE T4 7 4 AH DGR, ] LR ISR S P A T
J&E AT DU I 98 P KRS DL R R IR IF i B S S R
AEPS i R BK FFA A R RE Ik e B 2 I AA AR
PR B 5 M AR R 57 3840 LA BN [l A B R
WEN B HAK )RR WTUUEHE A K5 B KN

(2)

1.0
21 1.0 .
0.8 0.8 F
£0.6 0.6 F
X
o
0.4 0.4} @/’EM
/ —-M0 —5-MO0
0.2 —o-M1 [ 0.2 —o-M1
e ﬂ”—A—MZﬁ —M 2
——M3 T M3
0.0 ' ' ' 0.0 . : : s
9 18 27 36 45 5463 24 32 40 48 56 64
1.0 1.0
d
0.8 0.8
0.6 0.6
=3
o4t 04}
——M0 MO
0.2 —o-Ml 1 02} _-g-_Ml
—4—-M2 M2
0.0 . . : Sl 0.0 : : S
8 101214 16 18 "7 12 14 16 18 20
AK/MPa-m® AK/MPa-m"

4 TP SUBRAE A R BT 45 1F T A BT IE S AK R R
Fig. 4 Comparison of normalized opening stress intensity factor range versus AK under different loading conditions: (a) R=0.1,

AF=1922 N; (b) R=0.1, AF=4803 N; (c) R=0.8, AF=1441 N; (d) R=0.8, AF=2400 N
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Fig.5 Comparison of load line displacement versus AK under different loading conditions: (a) R=0.1, AF=1922 N; (b) R=0.1, AF=4803 N;

(c) R=0.8, AF=1441 N; (d) R=0.8, AF=2400 N
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Fig.6 Fracture surface morphologies of CT specimens under loading A condition: (al) MO, initial stage; (bl) M1, initial stage; (c1) M2,

initial stage; (d1) M3, initial stage; (a2) MO, intermediate stage; (b2) M1, intermediate stage; (c2) M2, intermediate stage; (d2) M3,

intermediate stage
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Fig.7 Fracture surface morphologies of CT specimens under loading B condition: (a) MO0, intermediate stage; (b) M1, intermediate stage;

(c) M2, intermediate stage; (d) M3, intermediate stage
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Fig.8 Fracture surface morphologies of CT specimens under loading C condition: (al) MO, initial stage; (b1) M1, initial stage; (c1) M2,

initial stage; (d1) M3, initial stage; (a2) MO, intermediate stage; (b2) M1, intermediate stage; (c2) M2, intermediate stage; (d2) M3,

intermediate stage; (a3) MO, intermediate-late stage; (b3) M1, intermediate-late stage; (c3) M2, intermediate-late stage; (d3) M3,

intermediate-late stage
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Fig.9 Fracture surface morphologies of CT specimens under loading D condition: (a) MO, intermediate stage; (b) M1, intermediate stage;

(c) M2, intermediate stage; (d) M3, intermediate stage
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Effect of Heat Treatment on Fatigue Crack Growth Behavior of Commercially Pure
Titanium under Different Crack Tip Deformation Conditions

Li Jian, Lu Lei, Zhou Changyu, Chang Le, Miao Xinting, Zhou Binbin, He Xiaohua
(Jiangsu Key Lab of Design and Manufacture of Extreme Pressure Equipment, Nanjing Tech University, Nanjing 211816, China)

Abstract: Fatigue crack propagation experiment of commercially pure titanium TA2 under different load levels after heat treatment was
carried out. With consideration of the degree of plastic deformation of crack tip, the adaptability of heat treatment state to different stages
of fatigue crack growth was investigated. The results show that heat treatment has different effects on the fatigue crack growth rate under
different loading conditions. The decrease of fatigue crack growth rate with heat treatment in loading A condition is due to the reduction of
the effective load near the threshold region and the increase of the near threshold value. Heat treatment in loading B condition has little
effect on the effective load and the plastic deformation of crack tip. The plastic deformation of crack tip is restricted after heat treatment
under loading C and D conditions, which decrease the fatigue crack growth rate.

Key words: commercially pure titanium; fatigue crack growth; heat treatment
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