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ABSTRACT

Near net shape fabrication substantiates the manifestation of final structure near to the desired shape, therefore
can casily cut down the price of finished product contributed by machining. Though conventional powder
metallurgy techniques are prominent in fabricating near net shape structures with controlled porosity, it still lags
in producing thin walled complex shapes with functionally graded/ differential structures. Hence, fabrication of
complex near net shapes using Vacuum Plasma Spray (VPS) forming has emerged as innovative rapid
prototyping technique for a variety of applications. In the present work, the nuances of near net shape
fabrication by VPS technique have been explained. Few examples of spray formed structures such as hypereutectic
aluminum-silicon, nanostructured aluminum oxide, and intermetallic iron aluminide thin sheet have been discussed.
A detailed case study of VPS formed thin TaC structure for ultrahigh temperature application has been elucidated

via near net shape fabrication.

1. NEAR NET SHAPE FABRICATION
USING VPS FORMING

Owing to extreme brittle nature, conventional
fabrication techniques find difficult to shape
refractory materials and intermetallics into desired
shapes. Moreover machining techniques incur extreme
wastage of material and require dead time for the
finishing of the structural component 2. Though few
processes satisfy the near-net-shape fabrication criteria,
a serious limitation is posed by the extreme melting
points of refractory materials. Ultrahigh temperature
material application range between 2500-3300 K and
therefore the selection of crucibles to hold the melt
and help to form the finished product becomes quite
difficult. Plasma spraying has been used as a versatile
technique for depositing metals, alloys, polymers and
ceramics as coatings 3. Temperature in excess of
10,000 K are ecasily reached in the plasma flame,
hence can melt any known material with great ease.
With an impact velocity of 1-3 Mach, plasma sprayed
structure depict a typical mechanically bonded layered
structure. VPS utilizes HF (high-frequency) started,

DC plasma to heat and accelerate powder feedstock
for deposition onto negative shaped substrate/ mandrel
for fabricating positive shape structure, Fig. 1.
Generally Ar is used as the primary plasma gas with
secondary He or H, gas for increased heat transfer.
Plasma gun can be manipulated by computer control
in six axes of motion. With the cooling rates usually
observed in the range of 103-108K/s, generation of
ultrafine grain microstructure and non-equilibrium
phases is mot so surprising in the Vacuum Plasma
Spray (VPS) formed structured 2. Both metals and
ceramics have been processed with densities exceeding
97% of theoretical densities *°. Plasma gun and the
mandrel are computer-controlled in VPS forming,
hence fabrication of complex structures -can be
designed accordingly. Deposition rates can go as high
as 20 Ib/h (9 kg/h). Near net shapes, spray deposited
onto preformed mandrel, help reduce the finish
machining of the deposited structure. Removal of
mandrel from the deposited structure hold a critical
importance in the near-net fabrication of VPS formed
structures. A comparison between VPS forming and
conventional P/M processing route is schematically
























