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Abstract: Under strong forging deformation, titanium alloy structural components subjected to quasi-§ annealing may
develop abnormal grain structure (AGS), which can jeopardize material properties. To investigate this, five TC4-DT
titanium alloy square bars were prepared by strong deformation with varying deformation amounts and deformation
rates. The relationship between the microstructure and mechanical properties of the as-forged specimens prepared by
different processes was comparatively analyzed. The results demonstrate that after quasi-f annealing, the
cross-sectional macrostructure of the square bars from the edge to the center is divided into three distinct regions:
normal region, coarse grain region and large grain region. During strong deformation forging, deformation energy
accumulates in the center of the TC4-DT titanium alloy square bar, giving rise to a pronounced thermal effect and
inducing the formation of a strong {100} g texture. This texture not only impairs the strength of the alloy, but also
interacts synergistically with the local forging temperature rise, ultimately triggering abnormal grain growth during the
recrystallization stage. The shear bands formed in the center of the bars become more pronounced with increasing
deformation amount and deformation rate, accompanied by coarser grains and increased dispersion. When the grains
are fine and uniform, the TC4-DT titanium alloy square bars exhibit obvious ductile fracture during room temperature
tensile testing; conversely, when the grains are coarse with high dispersion, they exhibit brittle cleavage fracture.
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Table 1 Process schemes of free forging
No. Process schemes Deformation rate/mm-s”  Deformation amount/%
Al Three upsetting and three drawing 60 347
B1 Three upsetting and three drawing+reheating+Three upsetting and three drawing 60 673
Cl Four upsetting and four drawing+reheating+Four upsetting and four drawing 60 890
B2 Three upsetting and three drawing+reheating+Three upsetting and three drawing 40 673
B3 Three upsetting and three drawing+reheating+Three upsetting and three drawing 20 673
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Fig.1 Specimen dimensions and sampling method
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Fig.2 Macrostructures of TC4-DT titanium alloy square bars as-forged (a;—e,) and after £ annealing treatment (a—e»): (a;, a2) Al;

(b1, bz) Bl; (Cl, Cz) Cl, (d1, dz) B2; (61, Cz) B3
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Fig.3 Microstructures at different positions of Al square bar

as-forged (aj, by, ¢i) and after f annealing treatment (a,

by, ¢2): (ai, a2) edge; (bi, ba) quarter width; (c1, ¢2) center
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Fig.4 Microstructures at the center of TC4-DT titanium alloy

square bars as-forged: (a) Al; (b) B1; (¢) C1; (d) B2; (e) B3
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Fig.5 EBSD analysis results of orientation distribution (ai, bi, ¢i), a pole figures (a,, b, c»), parent crystal reconstruction orientation
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distribution (as, bs, c3), and f§ pole figures (a4, bs, c4) of Al square bar as-forged: (a;—a4) edge; (b;—bs) quarter width; (c;—c4) center
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Fig.6 EBSD analysis results of orientation distribution (a;, by, ¢, dj, e;), grain boundaries (az, bz, ¢, dz, €2), grain size distribution (a3, bs,

cs, d3, e3), and parent crystal reconstruction orientation distribution (a4, bs, cs4, d4, €4) in the center of as-forged TC4-DT titanium

alloy square bars: (a;—a4) Al; (b1—bs) B1; (ci—c4) Cl; (di—ds) B2; (e1—es) B3

232 BaER

B TC4-DT K& &7 il o2 — 58 B b
AL IR 2R B T DR S0 1E] 8 B . M 8 mI LA
FEH, BT #ES TC4-DT 2k& & il mpy 4y 2 —
WAL O EEREY R, EHBRPIERR. Xt
TR HRAE, AL B3 WIO L sk, 2
WITERIZE; B1. C1 A1 B2 Wi O B & 4 b HLA Tk,
It IR LA S5 1 A L T SRR AE
24 ZEESW

ANl AR T 8RR TE T8 ) %% (1) TC4-DT K& & 77
BAUE pIBKJE, BT 42U I T 2
Kerbi AL X . B 4 ATLLE H, 5 Fhos B ) 036
B B HGEN, VI o MR AERR, SEKRKIE
FERAG. P4, Y4 o X ARG H R
ETHER, 4 o MHE SRR, 1 B 1B KOS FEH S kL
S RGE KRB AL D5 HE AN R A7 B ) EBSD 43 My &5 SR (I
Sy R e (B TR, OB RN B
F, o MEMBR. W REM o HEWM X847

A, KRBT {100} g AL, XABUESE 1% B
5 pIBKJG AGS B2 MR, B, 1R
TE G, 75 oo 38 1) AR B0 A i U 25 A5 FLAE v B IR K
Je UL S RE, AT S 505 S5 ) 2 P A1

P ALL Bl THERIBOE T2, —HYIAR R
I JF S = =G, RN —%, (2 Bl U5
P A R R L G AL W R A B U0, SRR
SR, SR B A W i AR AR, B AT B XA R
{17 L ZURE: B 1 5K

gZia e A RBIE TZH %K TC4-DT th& 4
TIRE R AE 443 EBSD 4R Ay 2 PERE v LLE H, Bl
AT R ANAL T A I, 5 He e B A K BY D) A
BEONUIE, SRR R H S EUE . @R/
(BRI T 168 pm?) L8570, 5 i 4 A8 R (1 17
TS R BB K, B O RE W E, 8T A )
(EGTE I P E A NI =W Y 0% S NN b - K oA L
T B BB T S 4 5 P S AR A1, T 0 2 O 1 O 2
FHIE -



ROk #E R

16 Titanium Industry Progress 3%
1000 = 900
—— Al [2] (o]
—— Bl -
_os0k i 850
& . £
= T2 s aoof
=, 900 —+—B3 =
T =
5 gﬂ F” -
= i
2 850 z
Z E 700 |
E‘ i}
Il 650
750 : — — 600 L T— L
Edge Quarter width Center Edge Quarter width Center
Position Position
25 - 70
—=— Al [<] L]
—e— B1 5
20p ¢ 200
—v—B2 <
® : =
< ——B3 Zal
2 —
k=) = A
= 3
|
10 F 2
£ 30}
&
5 1 1 1 2‘] 1 1 1
Edge Quarter width Center ) Edge Quarter width Center
Paosition Position

7 HRA TCA-DT Bk 47 W7 R AL B A =5 IR o 1o 1k e
Fig.7 Room-temperature tensile properties at different positions of as-forged TC4-DT titanium square bars: (a) tensile strength;

(b) yield strength; (c) elongation; (d) cross-sectional shrinkage
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Fig.8 Fracture morphologies of tensile specimens at the edge (a;—as), quarter width (b;—bs) and center (c;—cs) of as-forged TC4-DT

titanium alloy square bars: (a1, bi, ¢1) Al; (az, ba, ¢2) B1; (a3, bs, c3) Cl1; (as, ba, c4) B2; (as, bs, cs) B3
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