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Fig. 1 Four classic microstructure types for titanium alloys
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(a) equiaxed microstructure type, including three typical metallo-

graphic standard figures: al for near o titanium alloys, a2 for o + f titanium alloys, and a3 for metastable f§ titanium al-

loys;

alloys, b2 for o + f titanium alloys, and b3 for metastable f titanium alloys;

(b) bimodel microstructure type, including three typical metallographic standard figures: bl for near o titanium

(¢ ) basketweave microstructure type, in-

cluding three typical metallographic standard figures: c1 showing broken grain boundary a phases, c2 showing discontinu-

ous grain boundary o phases, and c3 showing massive transformation o phases;

(d) lamellar microstructure type, in-

cluding three typical metallographic standard figures: d1 showing thick lamellar a phases, d2 showing typical lamellar a

phases, and d3 showing thin lamellar o phases
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Fig. 2 Controlling technology of equiaxed microstructures of titanium alloys

low-high temperature ( HLH ) homogenization processing;
(e) fine-grained bright band ( FGBB ) defect found in titanium alloy forgings;
(g) effect of B fleck on fatigue life;
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(a) conventional forging processing; (b ) high-

(¢) grain refining effect diagram; ( d) microstructure of

('h) microstructure features of FGBB; (i) effect

ES GRS PO

RUAS 2 He 2 20 40 T s B e A, PR
A TARA 4 I iR 2B B BRI 2L BUR S, 191
0, JCHB ST B8R | T AR P R R S .
AL L B P R R A — NS R IX i) 3
P, B, B APEREX A o At TS B A A 4
NSRRI, IR PR R, B T T R
LGP B AN, BT W) AE o AHERAL /40
b BT o HIREAL . 5578 B AE LTSRN F i o

A 3 7%, WA AU SR v o, s
X TCI1 kA4 i3 P 4 « =287 gl
I TALS k442 JEAR | 4 1 1 WU s 2 s o U7

Horpr, “ =28 HZ07 ] DLF R g —Fh 2% 5% 2
B HZHISHIHI RS,
2.3 WEAR

PG MR SR PRI BOR AN AT 4 FoR, 258k
HAaE(a+ B)/B AL SMHEAEIE, e B A A
MIFEEAIE, 75 o+ B AR DGR SE R TE , 4% il
15 o+ B A X B EARIE B, ]I 7 o AR
WG REE ), IR T4 20 SUR S 2 U i 4
A, MEH RSB RIMERE SR, S, BRa il



540 5

A (a)
T/°C

TI°C

a+p3

K3 eGSR
s PR TE IR 5

(a) EEAE M T TZ;

gram for titanium alloys;

crostructure features of TA1S5 titanium alloy plate after a + § forging processing;

tanium alloy forgings after a +  forging processing
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Fig. 3 Controlling technology of bi-modal microstructures of titanium alloys

low-high temperature ( HLH ) homogenization processing;
(e ) microstructure features of TC11 titanium alloy after near B forging processing;
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Fig. 4 Controlling technology of basketweave microstructures of titanium alloys
(b) - (e) four typical basketweave microstructures after quasi f forging processing
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Fig. 5 Controlling technology of lamellar microstructures of titanium alloys  ( a) quasi p heat treatment processing diagram;
(b) lamellar microstructure features of TC4-DT titanium alloy forgings after B heat treatment processing
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Fig. 6 Relationship of room temperature tensile properties with different type microstructures of several typical titanium alloys

(a) tensile strength (6,) ; (b) yield strength (6y,) ; (c) tensile elongation ( A) ; (d) tensile reduction of
area (Z)



6 TR 7 N & = O 4 55 40 %
160 900
(@)  mmm|amellar structure (b) WK =1 R=0.1 Basketweave
140 + B Bi-modal structure 800 EmK =3 R=0.1
I Basketweave structure © Basketweave
120 1 o 700rBasketweave
3 2 600
LE 1001 £
® c 500 Lamellar
o 80f o
= @ 400
o L )
< 00 2 300
40r £ 200
201 100
0
TC21 TC4-DT TC32 TC17 TC21 TC4-DT TC32 TC17

7 LRI CHLAS A TR G S AR M SRR S S IR 2P0 . S5 PERERI G R
WiZHIE (Kic) 5 (b)) AEE e b m 5 R Cop )

Fig. 7 Relationship of room temperature tensile properties with different type microstructures of several typical titanium alloys
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Microstructure controlling technology and mechanical properties relationship of
titanium alloys for aviation applications

ZHU Zhishou, SHANG Guoqiang, WANG Xinnan, ZHU Liwei, LI Jing,
LI Mingbing, XIN Yunpeng, LIU Gechen

(Key Laboratory of Advanced Titanium Alloys, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Because of the variety and complexity of solid-state phase transformation characteristics of titanium alloys, the
relationship between their microstructure and performance has always been one of the hot topics in the field of titanium alloy
materials science. By adjusting the composition, processing technology and heat treatment process parameters of titanium alloys, the
microstructure type and parameters of titanium alloy parts can be adjusted to a certain extent to achieve the best matches in strength,
plasticity, toughness, fatigue and fatigue crack propagation rate, etc. In this paper, based on the comparison of four typical
microstructure characteristics including equiaxed microstructure, bimodal microstructure, lamellar microstructure, basket weave
microstructure and their thermo-mechanical controlling technologies, taking the TC21 titanium alloy, TC4-DT titanium alloy, TC32
titanium alloy and TB17 titanium alloy for aviation use as examples to review the properties of strength, plasticity, fracture
toughness, fatigue life and fatigue crack propagation rate, which can provide a reference basis for reasonably choosing microstructure
parameters, optimizing properties, stabilizing mass production quality of titanium alloy products.

Key words: titanium alloy; equiaxed microstructure; bimodal microstructure; lamellar microstructure; basketweave

microstructure; mechanical property
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