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Abstract A thick-wall part of TA15 titanium alloy is formed by the technology of laser rapid forming combined
with continuous point forging. The influence of different annealing temperatures on the microstructures and the
tensile properties test at room temperature of the TA15 alloy part formed by the technology of laser rapid forming
combined with continuous point forging is investigated. The analysis of size of the plastic deformation zone formed
by continuous point forging and the microstructure formation mechanism of the as—formed TA15 alloy part is given.
The reason that the lamellar microstructure of the as—formed TA15 alloy part transform into the equiaxed
microstructure is also explained. The results show that the volume fraction of equiaxed agrain in the annealed
structure of TA15 alloy and the size of the equiaxed «a grain increase with annealing temperature increasing. The
results also show that the strength of the annealed TA15 alloy reduce, and at the same time its ductility increases
with annealing temperature increasing.
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Fig.1 Schematic diagram of technical process of laser rapid forming (LRF) combined with continuous point forging.

(a) LRF process and deposition path of laser; (b) process of continuous point forging
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Fig.2 Drawing of small feed ratio Fig.3 Compression of blank with limited height by narrow anvil
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Fig.4 SEM microstructures. (a) Sample of TA 15 alloy prepared by laser rapid forming; (b) sample of TA15 alloy
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prepared by the technology of laser rapid forming combined with continuous point forging
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Fig.5 SEM microstructures of TA15 alloy prepared by technology of laser rapid forming combined with continuous
point forging annealed at different temperatures. (a) 860 C/2 h/AC; (b) 890 °C/2 h/AC; (c) 920 °C/2 h/AC; (d) 950 C/2 h/AC
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Table 1 Tensile properties of room temperature of TA 15 alloy prepared by the technology of laser rapid forming

combined with continuous point forging

Heat treatment condition Yield strength /MPa  Ultimate strength /MPa Elongation /%
Annealed at 860 °C,2 h/AC 1136.5 1325.8 8.9
Annealed at 890 °C,2 h/AC 1123.6 1316.2 12.7
Annealed at 920 C,2 h/AC 1075.9 1304.1 13.6
Annealed at 950 °C,2 h/AC 1040.1 1228.5 14.3
Wrought and annealed (11-CL-059B-2001) transverse direction =855 930~1130 =8
Wrought and annealed (11-CL-059B-2001) longitudinal direction =855 930~1130 =10
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(a) 860 C/2 h/AC; (b) 890 “C/2 h/AC; (c) 920 C/2 h/AC; (d) 950 °C/2 h/AC
Fig.7 Fracture appearance of tensile samples of TA15 alloy prepared by the technology of laser rapid forming combined with
continuous point forging annealed at different temperatures. (a) 860 °C/2 h/AC; (b) 890 “C/2 h/AC; (c¢) 920 °C/2 h/AC; (d) 950 C/2 h/AC

4 45 1B

1) R 32 25 5 2 8B TR O DR R T R 45 0 TA LS Sk A 4 JREBE 1 4 JE e W, i & o s B 7E S 1T
TR BL v BT O 1 8 1 A8 T IXUR B R T HE IS S O AL DA AR rh iSOG S R 2

2) 5 OGP BUY TA1S KA 4 TR A i A R B Ia) A B 22 LAY o+ B MR A% SR AL 1 B A UAS ] | 3 &2
SR R OB e O TA LS 8K & 4 B Al 20 40 A ookl + B &% A8 L 1AL 1l 5

3) 1B KHALL PR RE P, 3% 22 5 U R OB D BB TA 1S & 4 M 4% okl 5% 78 Ay 55 B oo K ) R TRT S H A
S ol HVAE A B A 8 5 | R A 2% oAl 25 A0 il R AR OR[N | oofH I A B, TR, obH A 7 BE /DN, R T Al
S o bH 7 5 R T 25 b S i BE RS [R), AT 5 1R D 97 80, A6 DR B AR b R SR atH IR Y, O i — 2D Bk b K
K

4) B IR JOR BE TE R 2 2 a5 AR O D B i & 1 TALS & 4 4 80 (9 B 5% ot AR R o0 Bl /b | 4
b oobH AR R A3 H03E 0, 23R KO BE SR F) 950 °C, TA LS A A Al 8Urb b 2% ooffl 4 3B 4% A8 S S5 ot o g 22 A 45
LW BRI TR TALS A 4o B BRI, 3 T

2 % XMk
1 Zhichao Sun, Lei Liu, He Yang. Microstructure evolution of different loading zones during TA15 alloy multi—cycle isothermal
local forging[J]. Materials Science and Engineering A, 2011, 528(15): 5112 - 5121.
2 Wang Huaming, Zhang Shuquan, Wang Xiangming. Progress and challenges of laser direct manufacturing of large titanium
structural components (Invited Paper)[J]. Chinese J Lasers, 2009, 36(12): 3204-3209.
AR, SRR, 1 W] R BER A G A 1RO B B9 7 R S PR GO IS SO ). R E O, 2009, 36(12): 3204-3209.
3 Liu Yantao, Gong Xinyong, Liu Mingkun, et al.. Microstructure and tensile properties of laser melting deposited Ti2AINb—
based alloy[J]. Chinese J Lasers, 2014, 41(1): 0103005.
XU W, BORE, XU, AF MO LTI Ti2AIND JE 5 4 19 2 S LR P RE (9], mh 0T, 2014, 41(1): 0103005.

4 Chen Yongcheng, Zhang Shuquan, Tian Xiangjun, et al.. Microstructure and microhardness of 4045 aluminum alloy fabricated

0203001-6



A S~
by laser melting deposition[J]. Chinese J Lasers, 2015, 42(3): 0303008.
Mk ok, sl 58, TR 42 45 SO IE AL TR 4045 454 4 B W4l 20 0% w300 132 [J]. P [ 380, 2015, 42(3): 0303008.

5 Lin Xin, Xue Lei, Chen Jing, et al.. Microstructure and mechanical properties of laser forming repaired Ti-6A1-4V alloy

component[J]. China Surface Engineering, 2009, 22(1): 19-24.
Mg B, R #, SF L OCHUB B E Ti - 6A1- 4VERS SRS S HERE ] P E R TR, 2009, 22(1): 19-24.

6 Chen Jing, Zhang Shuangyin, Xue Lei, et al.. Mechanical properties of Ti—6A1-4V alloy by laser rapid forming[J]. Rare Metal
Materials and Engineering, 2007, 36(3): 475-479.

M H, SRFRER, B 5, S OGP BUE Ti-6A1-4V 45 & S MERE[I]. #i A 4 MRS T2, 2007, 36(3): 475-479.

7 Xi Mingzhe, Gao Shiyou, Liu Bo, et al.. Effect of scanning pattern and annealing heat treatment on microstructures and
mechanical properties of TA15 titanium alloy formed by laser forming process[J]. Rare Metal Materials and Engineering,
2014, 43(2): 445-449.
JEBIT, m b, X T, A D7 AUOREE KRR B EOE P BB TALS kG 4 A S HERE RS2 R [J]. F A 4w AT RS T
T2, 2014, 43(2): 445-449.

8 Yu Hanqing, Chen Jinde. Principles of Metal Forming[M]. Beijing: China Machine Press, 2014: 221-222.
FTO0HE, B et . 4 )@ 9Bk B JE FR M. Jb 50 HLAR Tl th Bk, 2014: 221-222.

9 Liu Bin, Fang Yanli, Li An, et al.. Abnormal grain coarsening of laser surface remelting rapidly solidified TA15 titanium alloy
[J]. Rare Metal Materials and Engineering, 2009, 38(6): 1005-1009.

XM, D HEEN, A% 22, AF . TALS A IOl 3 T A Dot BE [ ok S R OHLAE [J). B &R RS TR, 2009, 38(6): 1005
1009.

10 P F Gao, H Yang, X G Fan, et al.. Microstructure evolution in the local loading forming of TA15 titanium alloy under non—
isothermal condition[J]. Journal of Materials Processing Technology, 2012, 212(11): 2520-2528.

11 Xu Zhou, Zhao Liancheng. Principles of Metal Solid—State Phase Changes[M]. Beijing: Science Press, 2013: 65-135.
TR, RGBS AR AR SR M. b 5T B i A, 2013: 65-135.

12 Tao Jie, Yao Zhengjun, Xue Feng. Foundation of Materials Science[M]. Beijing: Chemical Industry Press, 2014: 159.
Vi A, BRIEZS, B M. ORI BRR SRS (M. JE 5T AL T Tk kL, 2014: 159.

EERE: R

0203001-7



