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Table 1 Chemical composition of TA19 alloy (/%)

Al Sn Zr Mo Si Ti
6.61 1.75 4.12 1.91 0.10 85.3

1 TA19 A& NGRSk R

Fig.1 Microstructure of flash welded TA19 alloy: (a) continuous structure, (b) welding seam, (c) heat and stress affected zone, (d) stress

affected zone, and (e) base metal
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Fig.2 Flow strain-stress curves of flash welded TA19 alloy at different
strain rates: (a) 1 s™, (b) 0.1 s™", and (¢) 0.01 s
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Fig.3 Microstructures of welding seam at deforming rate 0.01 s,
deforming temperature 940 ‘C and deformation of 30% (a)
and 60% (b)
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Fig4 Microstructures of welding seam at deforming rate 0.01 s,
deformation 60% and deforming temperature of 900 C (a)
and 980 C (b)
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Fig.5 Microstructures of welding seam at deforming temperature
900 °C, deformation 30% and deforming rate of 1 s (a) and
0.01 s (b)
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Fig.6 SEM (a) and TEM images (b) of welding seam at deforming rate
0.01 s™', deformation 60% and deforming temperature 900 ‘C

BEE TR E G 0, ATk R ol Al b 304
gEE R A BT AR TEE 980 CL AT 0.01 5™,
60% L IE i T IR a2 . K 7a FARIRIX BN K AE T 3)
AL o, HERIEAA B AHBAKIERE L. B 1 a
PR BN Tk 52 2] il B s e 9 O R . DAL
BOE ARG BN, MORL R T e oSS RE, A B
AR S e o BN o W, (28 o Jr )25 . LA,
HTERTEAIN a B2 AIAENIES RIS E, o F)E
ey XSl H A v PR R R R E BAH RN
BHBIBATLE H alo 5 a/p T2 Z !, wp R
RN T, ala SRS, BAHBAREEBE, K2
o LTI ao MORRERE B8 1545 i - K A
A, BT alo FUEIRESR S, fEREX AR TR .
Kl 7o o, (el sha PR ah bl pAHIER N, 7555
o [T e JF Hot T8 T FEHEI AR AR 5. B AR B B 1
B o MM BEIEFHLBIRAE, AHETEK
LA
232 REHARMLRR

SUH R X JR GG 20 23 TP A7 4E Ghost a Z12Y, Ghost a

> #
——

200 nm

Equiaxed o

A

®

500 nm

B 7 AETGIELAE 980 C. RIS 0.01 57, 60%& i 44
2L

Fig.7 Microstructure of welding seam at deforming rate 0.01 s,
deformation 60% and deforming temperature 980 °C :

(a) grooved a and (b) equiaxed a
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Fig.9 Microstructure (a, b) and elements contents (c) of transition
zone at deforming temperature 940 °C, deforming rate 0.01 s

and deformation 60%
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Table 2 Element contents of different zones in Fig.9 (w/%)
B8 HARTE G E X 4148 £ =0.01 57, £ =60%) Position Al Mo

Fig.8 Microstructure of deformed heat and stress affected zone at Particle 8 (Point 1)

5.15 1.63

deforming rate 0.01 s, deformation 60%, and different J phase (Point 2) 53 245

deforming temperatures: (a) 900 °C, (b) 940 C, and (c) 980 C a phase (Point 3) 6.51 0.03
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Fig.10  Microstructure of transmission zone: (a) particle f and

(b) interface between particle f and a
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Fig.11 Mechanism of the occurrence of transition zone
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Fig.12 Microstructures of different heat treated zones at deformation
60%, temperature 980 ‘C, and deforming rate of 0.01 s™':

(a) welding seam and (b) heat and stress affected zone
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Fig.13 Microstructures of as deformed TA19 alloy from welding seam to base metal with following heat treatment: (a) welding seam, (b) heat

and stress affected zone, (c) stress affected zone, and (d) base metal
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Effect of Hot Deformation on Microstructure Homogenization
of Flash Welded TA19 Alloy
Liang Yunxing'*® , Wang Longxiang®, Wei Zhijian!, Xu Pingwei'”?, Liang Yilong'**, Liang Yu'*?
(1. Guizhou University, Guiyang 550025, China)
(2. Guizhou Key Laboratory for Mechanical Behavior and Microstructure of Materials, Guiyang 550025, China)
(3. The Key Laboratory for Mechanical Behavior and Microstructure of Materials, Guiyang 550025, China)
(4. Guizhou Anda Aviation Forging Co., Ltd, Anshun 561005, China)

Abstract: In order to eliminate the microstructure inhomogeneity of TA19 flash welding joint and improve its comprehensive properties, an
isothermal constant rate hot compression test was performed using Gleeble3500 thermal simulation testing machine on TA19 flash welding joint
under the condition of deformation temperature 900~980 °C, deformation 30%, 60%, and deformation rate 0.01~1 s 1, to research microstructure
change characteristics of the welding joint under different deformation parameters. The results show that the rheological stress-strain curve of the
welded specimen indicates a dynamic softening trend during the compression process, and the recovery and recrystallization of the flaked a phase
are sufficient under the condition of low deformation rate, which promotes the increase of its width and size, and the wedge of 8 phase results in
the disconnection of the flaked o phase. With the increase of deformation amount and deformation temperature, under the action of dynamic
recrystallization and element diffusion, the equiaxial ratio of flaked a increases gradually. In the process of deformation, residual S phases are
broken and some of them are transformed into Mo-rich particles which are distributed on the a phase matrix. In the subsequent heat treatment
process, Mo rich particles on the matrix are dissolved back into the 8 phase, which grows up to complete the segmentation of the « phase, and it is
further equiaxialized by static recrystallization. Flash welding specimens after 980 °C, 0.01 s ', 60% deformation followed by air cooling
annealing treatment of 930 °C, 1 h + 590 °C, 4 h can fully realize equiaxial transition of the weld microstructure. After heat treatment, the welding

joint is mainly composed of equiaxial microstructure, and the microstructure uniformity is obviously improved.

Key words: near o titanium alloy; flash welding; hot deformation; homogenization of microstructure
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