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Process parameters of the LR TA15 alloy
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Fig. 2 Sampling schematic of the tensile specimen containing 10%, 30%, and 50% PF-LR volume fraction and
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Fig. 3 OM and SEM images of thePF-LR TAI15 alloy
forging at yz cross-section. (a) OM image of the
yz cross-section of the PF-LR TAI15 titanium
alloy ; (b) magnified OM image of the RZ;
(¢) SEM image of the RZ ; (d) magnified OM
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Table 2 Tensile properties of the PF-LR TAI15 titanium alloys at room temperature

Kinds of tensile specimen

Yield strength /MPa Ultimate tensile strength /MPa Elongation /%

10% PF-LR 920.7417.9 1044.9+20.6 11.840.6
30% PF-LR 950.3413.3 1062.04+21.7 12.540.8
50% PF-LR 1006, 4+15.7 1109.7£22.8 13.24+1.1
RZ 1030.6+11.6 1147.14£19.9 15.540.5
Wrought substrate 735.6410.5 840.7+15.4 8.8+0.4
Wrought and annealed (11-CL-059B-2001)
o =855 930~1130 =8
transverse direction
Wrought and annealed (11-CL-059B-2001)
55 930~1130 =8

longitudinal direction
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Fig. 5 Tensile fracture morphologies of the wrought substrate and corresponding magnified image of zone 1
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Fig. 6 Tensile fracture morphologies of the PF-LR tensile sample containing 30% repair volume fraction. (a) Fracture

morphology; (b) magnified image of zone 1; (¢) magnified image of zone 2; (d) magnified image of zone 3
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Fig. 7 Schematic of the stress interaction between the RZ

and zone of substrate and its effects on the ductility

of the PF-LR forging. (a) Elastic deformation

stage; (b) plastic deformation till fracture
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Microstructures and Mechanical Properties of TA15 Titanium Alloy
Forgings Repaired by Point-Mode Forging and Laser Repairing

Xi Mingzhe”, Zhou Haoyang, Chen Shuai, Cui Guangfa, Cheng Kun, Zhang Shengwei
Key Laboratory of Advanced Forging & Stamping Technology and Science, Ministry of Education, Yanshan University,
Qinhuangdao, Hebei 066004, China

Abstract

Objective Traditional forging and machining technologies, which are used to produce titanium alloy parts, often
involve long lead times and considerable material waste. It is much more effective to repair titanium alloy parts which
are damaged due to wrong machining or are worn after long service than to simply discard them. As an advanced
repair technology, laser repairing is often adopted to repair damaged titanium alloy parts. However, due to
significant differences in microstructures and mechanical properties between the repair zone (RZ) and the titanium
alloy parts, the mechanical properties of the titanium alloy parts that have been repaired by laser repairing are usually
unwanted. This study proposes a novel type of repair technology that combines point-mode forging (PF) and laser
repairing (LR) (called PF-LR) to repair TA15 titanium alloy forgings.

Methods The PF-LR experiment was conducted using the in-house PF-LR system, which consists of a 3300 W fiber
laser, a powder feeder, a coaxial powder delivery nozzle, and a four-axis computerized numerical control (CNC) PF-
LR working table. The powder size of the TAl5 titanium alloy is approximately 150 pm. The TA15 titanium alloy
forging is 80 mm long, 20 mm wide, and 6 mm thick. An argon-purged chamber with oxygen content of less than
6 % 10 ° was used to prevent oxidation of the molten pool. In the PF-LR process, first, a 0.5 mm thick layer of TA15
titanium alloy was deposited on the top surface of the forging. Next, the laser cladding layer of TA15 titanium alloy
was forged point-by-point. Both LR and PF were performed alternatively until completion of the repair task. The LR
and PF processing parameters are as follows: laser power (1500 W), spot size (3 mm), laser scanning speed
(120 mm/min), LR overlapping ratio (30%), powder feed rate (8 g/min), reduction (0.2 mm), and PF
overlapping ratio (20%).

Results and Discussions The RZ of TA15 titanium alloy consists of equiaxed grains with an average size of
approximately 200 pm. The microstructure of the RZ consists of basket-weave microstructure and transformed (.
The microhardness of the wrought substrate zone (WSZ) is approximately 365 HV, which is lower than that of the
RZ (405 HV). The microhardness in the heat affected zone rises sharply from the WSZ to the RZ, which means that
the interface strength between the WSZ and the RZ is greater than that of the WSZ. Because of the smaller equiaxial
grains and fine microstructures, the yield strength, tensile strength, and ductility of the RZ are 20.5%, 23.3%,
and 93.7%, respectively greater than the minimum standard of aero-tensile mechanical properties of TA15 titanium
alloy forging. The mechanical properties of TA15 titanium alloy forging, which contains 10% volume fraction of the
RZ, are superior to the minimum standard of aero-tensile mechanical properties of forging. With the increase of the
volume fraction of the RZ, the mechanical properties of forging repaired by the PF-LR technology increase gradually.
Due to the coarse grain size and Widmanstatten structure, the tensile fracture mechanism of the WSZ exhibits a
transgranular model with quasi-cleavage feature. The fracture morphologies of the forging containing 30 % volume
fraction of RZ showed a gradual transition model from the brittle fracture of the WSZ to the ductile fracture of the RZ.

Conclusions PF-LR technology can be used effectively to repair damaged titanium alloy parts. This novel
technology can produce a RZ of equiaxial grains in the forging of TA15 titanium alloy, whose grains are equiaxed.
Because of the excellent mechanical properties of the RZ and the strong interface strength between the WSZ and RZ,
all forgings with 10%, 30%, and 50% volume fraction of RZ reach and exceed the standard of aero-tensile
mechanical properties of TA15 titanium alloy forging. This indicates that the PF-LR technology is completely
appropriate for the repair of damaged TA15 titanium alloy forgings, which have flaws of different sizes.

Key words laser technique; point-mode forging; laser repairing; TAIl5 titanium alloy; microstructure; tensile
property
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