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Fig.1 Microstructures of TB17 titanium alloy: (a) bi-modal microstructure, (b) basketweave microstructure, and (c) lamellar microstructure
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Tablel Room temperature tensile properties of TB17 titanium alloy with different microstructures

Microstructure type Rm/MPa Rpo.o/MPa Al% ZI%
Bi-modal microstructure 1376 1291 8.2 26.0
Basketweave microstructure 1354 1226 7.1 13.2
Lamellar microstructure 1468 1445 1.7 51
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Fig.2 S-N curves of TB17 titanium alloy with different microstructures
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Table 2 Mechanical properties of TB17 titanium alloy with

different microstructures

Microstructure type Rpo2/MPa  opo/MPa  op/Rpo2
Bi-modal microstructure 1291 860.0 0.67
Basketweave microstructure 1226 925.7 0.75
Lamellar microstructure 1445 9114 0.63
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Table 3 Location and number of source regions of high cycle fatigue cracks in TB17 titanium alloy with different microstructures

Position of fatigue Number of fatigue ~ Expansion zone

Microstructure type ~ Sample number op/MPa Ni/cycle source source size/um

59-31 800 6.06>10° Interior 1 1998
$9-9 920 5.99>10° Interior 1 1552

5 -
Bi-modal §9-21 960 9.81x10 Interior 1 1446
microstructure $9-35 880 4.7x0° Surface 1 1928
s9-2 1080 1.4x10* Surface 4 1484
59-3 1080 1.3x10* Surface 3 1448
w9-35 940 3.747x10° Interior 1 1331
w9-57 980 9.24x10° Interior 1 1091
Basketweave w9-38 980 3.15%10° Interior 1 1369

microstructure

w9-36 1020 9.4x10* Surface 1 1851
w9-52 1060 2.6x10* Surface 3 1455
p9-10 880 2.35x10* Surface 3 1408

5 -
Lamellar p9-1 920 1.15x10 Interior 1 1375
microstructure p9-12 960 4.3x10" Surface 3 1334
p9-32 1000 1.910" Surface 3 998

B3 XA TBL7 (k&S Ml O 2 M50
Fig.3 Macroscopic fracture morphologies of TB17 titanium alloy with bi-modal microstructure: () interior initiation, single fatigue sources (s9-31)

and (b) surface initiation, multiple fatigue sources (s9-2)
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Fig.4 Macroscopic fracture morphologies of TB17 titanium alloy with basketweave microstructure: (a) interior initiation, single fatigue sources (w9-35)

and (b) surface initiation, multiple fatigue sources (w9-52)
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Fig.5 Macroscopic fracture morphologies of TB17 titanium alloy with lamellar microstructure: (a) interior initiation, single fatigue sources (p9-1) and

(b) surface initiation, multiple fatigue sources (p9-10)
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Fig.6 Fracture morphologies of TB17 titanium alloy with bi-modal microstructure: (a) macroscopic micrographs, (b) characteristics of fatigue

source region, (c) fatigue striation characteristics at initial stage of expansion, and (d) dimple characteristic of transient breaking region
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Fig.7 Fracture morphologies of TB17 titanium alloy with basketweave microstructure: (a) macroscopic micrographs, (b) characteristics of fatigue

source region, (c) macroscopic characteristics of extension zone, and (d) fatigue striation characteristics at end of expansion
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Fig.8 Fracture morphology of TB17 titanium alloy with lamellar microstructure: (a) macroscopic micrographs, (b) characteristics of fatigue

source region, (c) fatigue striation characteristics at initial stage of expansion, and (d) dimple characteristic of transient breaking region

e NIBVEAR TR B . BEAE B VE FOCEUR3S n, JRdB 30T, AR N RS AR e B A R G gk 4k
IAVERAR T R AR, ORI BE W, RMEMRE IR UL

PN B WO 2 AR E T A TC, A R ) 22 R B A A WASHL TBLT ERG Ml s an & 6 s, Al
BIS R 7 e A N AR T RGO R, BEAE RN CUEH, 2t lsl P Anic A B A0 R T R 1



%5 2 1]

R [ iR 55 A S0 TBAT SR < v JA i 57 VE RE A 52 + 535 -

JEALE (B 6a) , 9557 REUR I 57 IR H TR A
Ao FEUTIE STUR X T WSO B AN “ONZITH T ARAE, T
BRI AT TRy AR 2. 7298 57 NN, Sein
P 5T UR X Sy R IR ARG, 95 57 RGN AT 1Y)
AW EAERTT, %55 W DR BT & 5K IT A i
BT R R, DR SR X — M LB (B 6b)
% 55 R EURAE — R AV EA AN ) e FE 1R 25 I /INF- T ) ] )
AR, TR ARSI g e v DU S S AR TR 2 T
Br. BEE T ROy e, T AR RN T
PRI, BRIV, I AR REAELLW
P57 5 IR (E6c) , FRINEY RIX BRI T
— LB PRREFIE, BT PR R S CRRIE ]
an FA RS AR RS IES, R ERSH—A
PIHERS 25— P, RIS [ X 9% 55 45 A
SATERBEARTE . J7 A BT B a0y R
X HENBEWTIX (B 6d) , R A2 AR BRI V5T
PR, TESUHRS, RPN W 2LH51E

MR TBL7 Eha & LIRS 7 frs. 7]
DB, SXESHLRL, 9557 REUFE WA TN
B, HoNB IR (B 7a) , UK AR R,
W R S AR AR, B4 e X RH R T [X 3 B i fr
PR, SIRWLIE IR, X5 M B BG5S 0
HYNEH K, RGP BRI T KERER, M
HME LA g T (R AR AE o TE95 57 LT INERWT, - [FIRETE i
T AU A O 1 DU J R S TS R A G B, TR A
WASHLEEL (B 7h) .

RGP X (B 70 , HIEs&mEL TREH
41, HInEmEE, HoREGEEES, UM EA
SR gy g aE YT, Y REENREE L.
I 55 A A 5 ALY R X I B OWARAE, 2 — RS
BEAR PR EAPAT RS ES MRBIR B AR S, IR B AT 1
KJET 05 R Ay R I L, % 55 41 (1 A B
FoORRGY RIER, WFEMTE, PRERRK. HTHM
B R ) RSB MAHANER, SRR
oy JE 1V T T g B — AN R R 2 5 — AP, AT
AN X3 9 55 s A I HH AL 5 BEAN S5 7 IRl A = 1)
S b o BRARDIRES R 98 57 261 100 B BOZ S PR ER 2
HHMSE, (HlETRIUAG M SRR, A%
A B I 328320 KT AMOUE AT L A 57 A A TR, s Al
ZUBEIET X (F 7d) R2HVRA W ORI IERE, X T
WASHL, KPP SR EFERE, BAED BN
i o

TB17 th&&H ZHLMB RS WA 8 Frx. Al
CAE H, %55 MErRE A TR, HoAZ 5 R,
gLt A B bR ic A BONRGOL R TRm P EEAE (K

8a) , HZ LT FURDGRELRE , 3 B T T ALK KL A iR
s, X5 R EAREAKMN gk &, 7
XA S WA HZM Y. 5 HLR W AR A
[, BT R EHRRIEXAL TR AR, Bl KR
SDR A 2 AR STIE N rh o R RE A B A A, LTS IR A
LHONEST (K 8b) o ERIREX, HE 57 5% i
NI, 055 i R AL, DU AE D R IR AL
( 8c) , Wil DX TESURIEE, WD gm] WAGR A BT 1)
J&, RIVBIVIDE Wi 2L (& 8d)

3 & B

1) TB17 (kA& fERNGSHLVRE T B A i sm
PEUCECKF, R 2 ZURAS T B 5 B FH B PR AR T 0
MY, T EEL R T AR B R AL MR IR
gt o A0, RAG T B IPTRLAR SRS, (H R T B
B 5o

2) TB17 (k& &AE 3 FAGUIRE T T =1
ST A, A LGIRIT S, PR ZH 2R % 55 R A
55 bt i, WAL T HE 57 % 5 B ) B R PE R
R, WHHERHARE, A RERIC, A EHAN
9% 55 L B AIG

3D AN S o 2H SR v JE 9 57 AR N g A AR R 7
ARASES, 955 et TFE 8. BRI A, T
LIRS, 9 57 R G TR T . 2RI A

4) 7 [F) S AR 2R PR v R 55 T 13 R S R X, 2
S e DXCRIBE T X 2, HoRIRS £ SRR MR 2
(554 B X AFE B 2 [0 R Bear, o5 4 o R
Mg, ULHMIEHSA ML A E YT, £ R
RHHFEMRE R £ .

SE K

[4] Zhu Zhishou(“k2%17F), Wang Xinnan(E3#77), Shang Guogiang(7
[E#2) et al. Journal of Aeronautical Materials(fiZs#4}4R)[J],
2016, 36(3): 8

[2] Zhu Zhishou(2k%117%). Research and Development of New-brand

References

Titanium Alloys of High Performance for Aeronautical
Application(H 2L i 2% e Pk R B & G AR R IR 58 5 K ) M.
Beijing: Aviation Industry Press, 2013

[3] Shang Guogiang(i [E5%), Zhu Zhishou(Z%17F), Chang Hui(#
#%) et al. Chinese Journal of Rare Metals(#:H 4 J&)[J], 2011,
35(2): 286

[4] Ahmed M, Savvakin D G, Ivasishin O M et al. Materials Science
and Engineering A[J], 2014, 605(6): 89

[5] Santhosh R, Geetha M, Rao M N. Transactions of the Indian
Institute of Metals[J], 2017, 70(7): 1682


http://jam.biam.ac.cn/
http://www.rmet-journal.com/WKD3/WebPublication/index.aspx?mid=zxjs

* 536 -

WA e MRS TR

53 3%

[6] Luo Sihai, Nie Xiangfan, Zhou Liucheng, et al. Journal of
Materials Engineering & Performance[J], 2018, 27(3): 1467
[7] Zhong Ligiong(4IiEx), Yan Zhen(’™ #R), Liang Yilong(¥# 2
J%) et al. Rare Metal Materials and Engineering(F7 42 @ #14}
5 T[], 2015, 44(5): 1224
[8] Zhao Shaobian(#X/1>7F). Anti-fatigue Design Handbook(#i% 57 %
11 F ) [M]. Beijing: China Machine Press, 1994
[9] Tao Chunhu(F#% &), Liu Qingquan(X!|JK %), Cao Chunxiao(#
#H%) et al. Failure and Prevention of Aeronautical Titanium
Alloy( it == H 4K & 4 10 2% 35 T B )[M]. Beijing: Defence
Industry Press, 2002
[10] Fei Yue(Z% [K), Wang Xinnan(E#1#), Shang Guogiang (i
#2) et al. Chinese Journal of Rare Metals(’i# 4:/&)[J], 2017,
41(9): 1056
[11] Wang Zhe, Wang Xinnan, Zhu Zhishou. Journal of Alloys and
Compounds[J], 2017, 692: 149
[12] Zhu Zhishou( % %1 %), Shang Guogiang( 7 [l 5% ), Wang
Xinnan(F#1 &) et al. Journal of Aeronautical Materials(fii 4%

PRFEHR)[J], 2020, 40(3): 6

[13] zhang Hongling, Zhang Xiaoyong, Zhu Zhishou et al. Scripta
Materialia[J], 2020, 177: 118

[14] Xin Yunpeng({§ M), Zhu Zhishou(2k%173), Wang Xinnan(F
Jr7g) et al. Journal of Materials Engineering(#1 £} L#%)[J],
2022, 50(10): 81

[15] Chen Chuanyao(l%:1%35%). Fatigue and Fracture(Ji 55 5 WiZd)[M].
Wuhan: Huazhong University of Science and Technology Press,
2002

[16] Tompson N, Wadsworth N J, Louat N. Philosophical Magazine[J],
1956 (1): 119

[17] Zhong Qunpeng(Et#ENE), Zhao Zihua(EX1-4E). Fractography (I
H2%)[M]. Beijing: Higher Education Press, 2005

[18] Liang Xin(Z# Jik). Fatigue Striation Segmentation of Metal
Fracture Image Based on Multi-feature(3 T 2 5L (14 &
11808 95 2% 5 4> #1)[D]. Nanchang: Nanchang Hangkong
University, 2014

Influence of Microstructures on High Cycle Fatigue Properties of TB17 Titanium Alloy

Shang Guogiang™?, Zhang Xiaoyong®, Wang Xinnan?, Li Chao®, Gan Xueping®, Zhu Zhishou?, Zhou Kechao®
(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)
(2. Key Laboratory of Advanced Titanium Alloys, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(3. Hunan Engineering Technology Research Center in Special Titanium Alloys for High-End Equipment, Hunan Goldsky Titanium Industry
Technology Co., Ltd, Changde 415001, China)

Abstract: The effects of three typical microstructures (bi-modal microstructure, basketweave microstructure and lamellar microstructure) on the
high cycle fatigue properties of TB17 titanium alloy were studied, and the high cycle fatigue fracture morphology was analyzed. The results show
that the TB17 titanium alloy with bimodal microstructure has the highest matching level of strength and plasticity, but its fatigue life has a bilinear
relationship with stress, and its fatigue performance is not stable. The strength and plasticity of the TB17 alloy with basketweave structure are
slightly worse, but it has the highest fatigue strength and fatigue ratio. The fatigue strength of the TB17 alloy with lamellar structure is slightly
lower than that of the alloy with basketweave structure, but its fatigue ratio and tensile plasticity are the worst. When the high-cycle fatigue loading
stress is in a low stress state, fatigue crack is prone to initiate inside the specimen and from a single source; however, when it is in a high stress
state, the fatigue crack tends to initiate on the surface of the sample and from multi-source. In the basketweave microstructure, more secondary
cracks appear, the fatigue bands are clearer and denser, the crack propagation path is more tortuous, and more energy is consumed during
propagation than the cases in the other microstructures.
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