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Abstract: The three-dimensional complex curvature of the airfoil complicates the manufacture and repair of gas-turbine
components. As a result of the developments in computer technology since the early 1990s, CNC-based technologies
for machine tools and related programs have been increasingly applied in the gas turbine industry. In particular, five-
axis simultaneous machines with adaptive functions have proven its excellent flexibility and productivity due to the
capability in determining the 3D data from the unknown curvature. A well-organized robot system with eight-axis
simultaneous control can lead to powerful standardization and high productivity. We summarize and review CNC
technologies and their applications in the gas turbine industry, with a discussion of the manufacture and repair of gas
turbine parts.
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Table 1 Typical manufacturing strategies for major

combustor parts
Part .
Applicable
Name Area Process Technologies Control
Can Can Body Forging+ Press/Roller Forming
Type Welding GTAW, PAW,
Combus Spot Welding
o0 1 Body Inner TBC Coati
Liner | °00¥ Hner O4MME \pS + APS Coating ~ CNC
Surface
Body Outer
Surface — Machining  Turning, ECM CNC
Ribs/Fins
E-]IDOillestion / Forging, Punching,
o Machining ~ EDM, LBD CNC
Cooling)
Spring Seal Forging Press forming
Spring Seal .
Outer Anti-Wear \ps Coating CNC
Coating
Surface
Collars, Forging, Press Forming
Tubes Casting Centrifugal Casting
Can Forging + Press Forming +
Type Transition Welding Welding/Brazing
Combus Bod
tor y Partially Cast Investment Casting +
Transit- Parts Welding
ron Body Inner TBC. Coating VPS + APS Coating
Anti Wear . CNC
Surface . APS Coating
Coating
Casting + Investment Casting +
Seal Chanel Welding Weld Joining to Body
Seal Slots . .
Wear Strip Brazing
Cooling .. EDM,
Holes Machining Mechanical Drilling CNC
Fins Machining  Milling, ECM CNC
igflll?r%n n Press Forming/Machine
Sub Parts MMIE T Tools + GTAW Welding CNC
Welding
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Table 2 Typical manufacturing strategies for turbine
blades and vanes

Part Area Process App llcabl'e Control
Name Technologies
Cooled | Blade Body Casting Investment Casting +
Blades Ceramic Core
Airfoil Coating VPS + APS Coating, CNC
Surface Diffusion Coating
Tip Cap Welding EBW, LBW CNC
Brazing
Tip Height Machining  Grinding
Dovetail Machining  Creep Feed Grinder CNC
Cooling Machining  EDM, ECM, LBD CNC
Hole
Shank Face Machining  Creep Feed Grinder CNC
Casting Investment Casting CNC
Uncooled| Blade Body Casting Investment Casting
Blades Forging Press forming +
Machining CNC
Shroud- Casting Grinding,
Contact,
Rail Grinding
Dovetail Casting, Creep Feed Grinder CNC
Forging Machining Center
Shank Machining  Creep Feed Grinder CNC
Vanes | Body Casting Investment Casting+
(Cooled, | (Airfoil+ Ceramic Core
Uncooled) | Side Wall)
Welding Partially Weld Joining
Airfoil Coating VPS + APS Coating, CNC
Surface Diffusion Coating
Cooling Machining  EDM, ECM, LBD CNC
Hole
Hook Fit ~ Machining ~ Machining Center, CNC
VBM CNC
Seal Slots  Machining EDM CNC
Side Wall- Machining  EDM, CNC
Face Machining Center CNC

% CNC(Computer Numerical Control), GTAW(Gas Tungsten Arc
Welding), PAW(Plasma Arc Welding), TBC(Thermal Barrier coating),
VPS(Vacuum  Plasma  Spray), APS(Air Plasma  Spray),
ECM(Electrochemical ~ Machining), ~EDM(Electrical  Discharge
Machining), LBD(Laser Beam Drilling), EBW(Electron Beam
Welding), LBW(Laser Beam Welding)
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Fig. 1 Diagram showing difference between manufactur-
ing and repair in terms of the process applied and
product life
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2.3 CNC 7|t Adaptive Machining Process
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Fig. 2 Examples of Adaptive Machining Process: (a)
Digitizing with a touch sensor, (b) Calculation of
tool path by CAM program linked with CNC
machining center, and (¢) Machined blades
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Fig. 3 Examples of Adaptive Restoration Process: (a)
Digitizing damaged airfoil including unscanned
edge, and (b) Restoration with polygon mesh
(Source: Gao, J. et al) ®
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