H26EH 9
Volume 26 Number 9

TEERERFR

The Chinese Journal of Nonferrous Metals

2016 49 H

XEHRS: 1004-0609(2016)-09-1886-07

SRBLON TCI $KEE

September 2016

= B 55 1% RE B S2 o

FYK,

Kandr, EHdh, WAE, B

%, HE%E, & #

(LU BT SR & ST PR RS %, JEat 100095)

8 E: OGS LN B LU TC32 L4 A 57 (HCF)PERE I, F+5 TC4 4G &SR ZUR TC21
R G P S AL A0 o S 5 M REREAT R LU A0 AT . S5 AR TC32 KA SRS 4123 5 I WA 4 2 ) e S 90 57 i 5 2
S 535.7MPa 5 537.5MPa, W& T TC4 (A&4SMAZN, BT TC21 KA &M BN . TC32 thi4:
WASHLR LG B bk, BAIAE o #Y5 p AR ARSR VST RIF, AT I N usis: TC32
KA M RN SRR S I KRG, BERGY RSN, 97 RHEY Rl SIS L H g

KRR TC32 5kAd: miIESY: PO B
XHRFRERD: A

FESZES: TG146.273

ERBER A G R LB P 5 LU o Wl gL Tl v
W MAAFEIL S LA TERE, — AR FIWIEHTR Tk
(IR A 7 R 2 AT 37— AR CALRI 2 R &)
BLIIANBT A JE, 0Bk E eA RH 25 PE RE R B ok
B, R R A R A R s R
Fr A MRIE 21 T2 T T I 1) 32 2Pk

PRI A8 AR 8 1 R 2 A 8 57 I 4 ),
FCT 25 R W] 9y k9857 IR IR W AR (TR GO
D) R (R D) BL S RS REMT 2 (PR
JEX)3 A BL. SRR, fERZHSIRA R,
W57 LR SR — W BRI R E e Rt T o gl
PRSI 2B B AN 7 77 A ) 80%. A4 RHKIJE
57 RS L EAERE B W RS T (PSB) it I L K [ 4547
AR T 5T W R RAT B R SR, — B
AR, RS A T R R AR,
HUBRR b 98 55 2R A0 50%~90%, 111 At 25 A6 A1 98 55
RAN 80%LL I, tnfii s s b LI KR /AT %
Al G G R I TR G, R, R
AR 7 VEBEXT TR T CHUBAE IR 22 PERE BAT
ORI TR R S

TC32 BRr < H AL O ORI 78 Be it il 1) 25
AR T TCA B AL mtE B R A R & 410 ), &
SCEEHITT TC32 FRA S AL 215 M TR 41201 i A
W PERe S e, JF 5 AL TC4 Sk 5

Igis B#A: 2015-11-10; 1&ITHHA: 2016-01-24

Ry o) TC21 KA 4 11 v JE 8 57 PR REARDGELE, A TC32
KA S TR N H Sk M R A — 5 B S R o

1.1 SRR

SR PTH 3 FOANFER G SRS 1 A RS 20 3
REA ARBTG5 5E, JR& i, Risss
TP TRckEft . PR  TC32 BRA S bt 43
SR IX s SHE RIS G SRR KR EE . TC21
KA S MUt B G S TSN E IR Kb . TC4 %K
B M A X S 5 285 R KA.

1.2 REBHA%E

A I ) o £ AR 3y AR &
e A SR RE . SR LEICA DMI3000 M {5 7. 85k
BB G 4 WAL, Hh Kroll A&
& BB b P(HF):V(HNOs): V(H,0)=1:2:50 . & H
INSTRONS5887 Wi~ 7 et 50 WLl i & < 1 == ek s
fPERE, AIARAE R GB/T 228—2002. Flf 1] B J19 55
RIETE QBG-100 M S Aiiliepl FibAT, AllAniE A
GB/T 228.1—2010, RIFAE N =il 523, W5
#0125 Hz, RATHBREAF A B 55 R, i

BIEEE: RuE, BEUH, 4t HiE: 010-62496635; E-mail: zszhu@163.com



9 26 &4 9 )

BT, A RIS TC32 PG G M9 55 ML RE LI 1887

—BHCR BT P A R 57 SN #hZk . K H FM—=700
BB eSS B MASMEEE. RH
JSM—5600LV Z 414 BT WL 42 4= 1109 57 W 11 T3

2 FERE5H

2.1 BRBLEERRHERE

B 1 FioRsr o TC32. TC4 5 TC21 4k & 414
AR Z, B 1 FRTs, SRR S TC32
KA 4 WM SN IS HL (L E 1(a)), HAFLRZ B
AT A ANESIVIE o M, TEAN
24.5%, AKZEIOYIE o HRZEHPREMEERR, R
SN S um, D EREREERIR. S HBEER TC32 4k
G445 TC21 k&4 WAL R34 WIS 2 (LI 1(b)
51 1(c)), HAFEZTCIRLG B dhTt, JRAG B Ak N
(1) B AR ARG B T 4540, RAROIR o AH R BE 20K
1.6 pmo LR KAL) TC4 Bk A4 BN %%
B 1(d)), HAFERYIE o VSR B i
FHTHRR, BMEDE, R0 30 pm, &5EZ400
67.5%, I H 5 FHEHARYIE o AHEAERE .

X1 A5 TC32. TC21 5 TC4 (k& 4=
BPERE, R APURIRIE, Ryoo WIERIREE, 4K

K, 7 Wi, RS, SSHLURE
NI TC32 BRA S E e T A A . T
WEHLURA T TC32 5 TC21 4k&r 4 5 Ve
M, SEEIHSURA NI TC4 Bk & S B W AR T3
fih A5 400y, AE BB TR 5 o

22 SRET R

Kl 2 izl TC32 BRG B XUSHZE TCA (a4
LSRN ZE N S LG R=—1 R0 S-N hk. B 3 fish
TC32 5 TC21 (kA EMBEHLLEN S R=——1 FIH
S=N k. 3 2 FIHH 3 Fl(a+p)RUEK A G TbS N K19 57
WeBRAE, MHRTEAE H, EiZN IR, TC32 ki
WA H 25 W W 21 210 9% 55 BB 43 5l ok op=535.7
MPa 5 0,=537.5 MPa, ALt TC4 Ek& &SN
99 57 W PR (op=380 MPa), 43 %l 155.7 MPa 55 157.5
MPa. TC32 $A&4 550 A K TC21 $A &4 M 41
UL, TC32 BKA 4109 55 % FRAAR X 88 5, 43 il e
il 34.7 MPa 5 36.5 MPa.

— e, YRR SR R A A A IS L T
S JE AR R 55 1 e S R B AP DIAR O, RN
g mR e, RS R RE R LY, Rk,
HEERRE TC4 ERA 408 95 PERe W AR T w1
TC32 5 TC21 KA 411 B A1 i JE % 57 1 R s e

E 1 TC32. TC21. TC4 k&4 M4AH B 41

Fig. 1 Metallographs of TC32, TC21 and TC4 alloys: (a) Bimodal microstructure in TC32 alloy; (b) Basket microstructure in TC32

alloy; (c) Basket microstructure in TC21 alloy; (d) Equiaxed microstructure in TC4 alloy
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Table 1 Room temperature tensile properties of TC32, TC21
andTC4 alloys
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Table 2 Fatigue limits of TC32, TC21 and TC4 alloys at a

stress ratio of —1

Ru/ Ry Al Z/
Alloys MPa MPa % %
TC32(Bimodal) 1113.7 1015.3 14.3 533
TC32(Basket) 1077.3 971.7 12.9 41.5
TC21(Basket) 1072.7 983.0 14.8 36.4
TC4(Equiaxed) 907.3 835.3 17.4 46.7
750
A
£
g 650_
;
A 550'
8
&
g 450+
£
5
= 350 =— TC4 alloy ]
4 — TC32 alloy
250 . i L -
10* 10° 10° 107

Cycles to failure, N

2 TC32 BRG G UL TCA R SA5 A N )
b R=—1 I 1) S—N Hh£k

Fig. 2 Maximum stress as function of number of cycles to
failure (S—N curve) of bimodal microstructure in TC32 and

equiaxed microstructure inTC4 alloys at a stress ratio of —1
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Fig. 3 Maximum stress as a function of number of cycles to
failure (S—N curve) of basket microstructure in TC32 and TC4

alloys at a stress ratio of —1

Alloy Stress ratio, R op/MPa
TC32(Bimodal) -1 535.7
TC4(Equiaxed) -1 380

TC32(Basket) -1 537.5
TC21(Basket) -1 501
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Fig. 4 Maximum stress as function of number of cycles to

failure (S—N curve) of bimodal microstructure in TC32 alloy at

different stress ratios
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Fig. 5 SEM images of high cycle fatigue fracture surface of bimodal microstructure at a stress ratio of -1 in TC32 alloys:

(a) Overall morphology showing region of crack initiation; (b) High magnification showing a crack initiation site; (c) Propagation

region; (d) Fast fracture region
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Fig. 6 SEM images of high cycle fatigue fracture surface of basket microstructure at stress ratio of 0.1 in TC32 alloys: (a) Overall

morphology showing region of crack initiation; (b) High magnification showing crack initiation site; (c) Propagation region; (d) Fast

fracture region
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Influence of microstructure on high cycle fatigue properties of
TC32 titanium alloy

LI Ming-bing, ZHU Zhi-shou, WANG Xin-nan, ZHU Li-wei, FEI Yue, SHANG Guo-qiang, LI Jing

(Aviation Key Laboratory of Science and Technology on Advanced Titanium Alloys,

Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The high cycle fatigue(HCF) properties were investigated on TC32 titanium alloy with the bimodal and basket

microstructures, compared with the HCF properties of TC4 titanium alloy with the equiaxed microstructure and TC21

alloy with the basket microstructure. The results show that TC32 titanium alloy with bimodal and basket microstructures

has a much higher HCF strength level compared to that of TC4 titanium alloy with the equiaxed microstructure and has a

better HCF strength level than that of TC21 titanium alloy with the basket microstructure, which is 535.7MPa and

537.5MPa, respectively. TC32 alloy with the bimodal microstructure does not show anomalous mean stress sensitivity

(AMSS) since its better matching strength between primary a and f phase, and its small grain size. TC32 alloy with the

basket microstructure has a greater crack propagation resistance due to main crack deflection and more secondary cracks

in propagation region.

Key words: TC32 titanium alloy; high cycle fatigue; fatigue fracture; microstructure
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