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Abstract: It shows detailed stages, starting from the initial stages of design to material selection, then to casting, forging,
and CNC machining up to final assembly with strict quality control. It emphasizes precision engineering for that great
performance durability. Finally, it discusses best practices on how to advance manufacturing in terms of efficiency and
minimize the effects on the environment with a comprehensive guide for engineers, manufacturers, and industry
professionals devoted to producing reliable and efficient hydraulic turbine blades. These traditional methods are casting
and forging, which discuss the advantages and limitations that follow. Advanced techniques such as precision CNC
machining, additive manufacturing, surface treatment processes including heat treatment, and coating application
processes are extensively reviewed to show their role in enhancing blade performance and durability. Quality control is

elaborately focused on with detailed procedures for NDT or non- destructive testing.
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1. INTRODUCTION

Hydropower turbine blades manufacture is a complex
specialized process of attaining kinetic energy from moving
water into mechanical power efficiently. These blades are
integral parts of hydraulic turbines used in hydroelectric
power generation, wherein optimizing their design and
materials along with manufacturing techniques are crucial
for optimizing conversion efficiency of energy. The process
begins with detailed design engineering with the latest CAD
software and computational fluid dynamics simulations to
detail blade profiles. The shape, curvature, and material
selection of the blade depend on water flow characteristics,
the type of turbine, and operational requirements. High
strength materials such as stainless steel, carbon fiber
composites, or even titanium alloys are selected for their
strength, corrosion resistance, and ability to endure
hydraulic forces and erosions caused by water
Manufacturing technologies involved in the casting of
hydraulic turbine blades are typically precision casting or
machining processes. Investment casting is normally
preferred because it can provide intricate blade geometries
and internal cooling channels that are critical to dumping the
heat generated during operation. Then, CNC machining
further refines the castings to specific measurements,
guaranteeing maximum aero-performance and structural
integrity.

Surface treatments are very essential for the extended
life and performance of hydraulic turbine blades. Protective
coatings, such as ceramic or thermal spray coatings, are used
to protect the blades from erosion due to water flow and
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environmental conditions. Each blade is checked through
very stringent quality control measures during
manufacturing, including non-destructive testing (NDT) to
identify defects or imperfections that may affect
performance or longevity. Once manufactured and
adequately inspected, hydraulic turbine blades are
assembled into turbine rotor assemblies with high precision.
Balancing and alignment are conducted meticulously to
ensure smoothness in operation and the conversion of
maximum energy. After assembly, ongoing monitoring and
maintenance protocols are established to assess blade
performance, monitor wear and tear, and schedule necessary
repairs or replacements to maintain optimal turbine
operation over its operational lifespan.

The manufacturing of hydraulic turbine blades requires
considerable careful attention to various critical aspects so
as to deliver optimal performance and service life. Critical
among these is the selection of material, as blade design
must be made from high- strength, fatigue-resistant, and
corrosion-resistant materials like stainless steel or advanced
composites for withstanding operational stresses and
constant water exposure. The design should be very
accurate, with state-of-the-art computational fluid dynamics
simulations that best optimize the efficiency in terms of
aerodynamics and hydrodynamics, to eliminate potential
cavitation problems. Accuracy in manufacturing techniques,
for instance, precision casting or forging techniques, will be
fundamental in producing blades according to very strict
specifications for shape and performance. Also, processes
such as surface finishing and quality control are important
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factors to ensure that the blades function well and are
serviceable for a longer period.

1L METHODOLOGY
% Process Parameters

The material to be chosen for the blades will depend on
engineering design and manufacturing requirements.

» Design of Blade:

This blade design considers the flow of water and the
connection of blade hubs. Its thickness is limited by the
material strength and the connection of blade hubs. The
choice of number of sub-profiles on the blade must also be
very careful to avoid warping of the blade face.

» Manufacturing Process:

The choice of manufacturing process will depend on
the desired output, cost, and size of the turbine, as well as
the surface finish. One of the most common processes for
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the manufacturing of turbine blades is investment casting,
also known as lost-wax processing.

Digital manufacturing methods can be used to enhance
the accuracy of blade's surface finish and enhance
productivity. Some of these include digital design and
modeling, computer-aided localization, and computeraided
geometrical analysis.

» Casting Process:

Casting can be described as a form of manufacturing
process whereby a liquid material, normally made from
metal, plastic, or concrete, is poured into the mold, filling it
to take its shape in its cavity. It means that the resulting
material will be stripped off the mold after it hardens, and
then the finished part is extracted. This process broadly
encompasses creating complex shapes that would be viewed
as either expensive or not practically possible when
manufactured through other manufacturing methods, such as
machining and forming.

Fig: 1 Process Casting

» Casting Process Steps:

e Making Pattern: A pattern of the object to be cast is
created, for example, from wax, wood, metal, or plastic.

e They usually make an exact replica of the final product.

e Mould Preparation: Place a pattern inside a material
commonly made from sand, metal, or ceramics to create
the mold. The mold then takes a shape similar to the
outer form of the object, holding an empty cavity,
shelllike in shape like that object.

e Melting the Casting Material: The casting material which
is usually a metal or plastic, is put into a furnace or any
other heating equipment where it melts in the form of a
liquid.

e Fill Liquid into Mold: The liquid material is poured
slowly into the mould and fills the cavity.

e Cooling and Solidification : The casting material is
cooled and solidifies in the shape of the mold. The
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cooling time is related with the type of material and the
size of the part.

e Removal of Mold : After solidification, the mold can be
removed from the cast part.

o Finishing: This cast part may require a finishing
operation, such as sanding, machining, or painting.

» TDypes of Casting Processes:

e Sand Casting: This process uses sand as the molding
material. It is also the most common and because of that
less costly, but only really practical for small- to
medium-size runs of metal parts.

e Die Casting: It utilizes a metal mold known as a die.
There is usually the need for high-volume production
involving detailed work, and common non-ferrous
metals applied in this technique comprise aluminum,
zinc, and magnesium.
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e Investment Casting: Also known as "lost-wax casting," e Shell Casting: Similar to investment casting but with a

this technique involves a ceramic shell coating the wax

pattern, then melting away the wax after which the metal

may be poured into the mold.
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Flow Chart: 1 Process Approach of Casting.
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shell or ceramic mold built around the pattern.
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» Selection of Materials:

Iv.
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IMPLEMENTATION

Table 1 Material selection

Chromium

Nickel

Manganese

Silicon

Phosphorus

Sulphur

carbon

24-26%

19-22%

2%

1.5%

0.045%

0.3%

0.08%

Fig: 2 Material

Hydraulic turbine blades would start with thorough design and design engineering. Concept designs would begin with a
turbine type and operational requirements, leading to more detailed CAD modeling of the aerodynamic profile and structural
behavior.

Pressure
Side
.) Vacuum
Side

Trailing Edge 2 Tip

Fig: 3 Turbine Blade

Material selection is paramount, with choices like stainless steel or carbon fiber composites optimized for strength, corrosion
resistance, and weight considerations. The precision processes like blade casting for the complex geometry and internal cooling
passage are complemented by CNC machining for high precision dimensioning and surface finishes. Welding and assembly
techniques ensure the secure connection of the blade components, and then they are prepared for the subsequent surface treatments
and quality checks.
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Fig: 4 Turbine Blade

Blades coated with ceramic or thermal spray for
erosion resistance, their surface characteristics are enhanced.
A strict inspection and testing procedure confirms the
structural integrity of the blades and their aerodynamic
efficiency by employing the methods of non-destructive
testing and performance simulations. Blades that pass the
validation stage are put into turbine assemblies with great
care to ensure the perfect alignment and balance.
Maintenance protocols for observing performance and
scheduling of inspections and refurbishments further support
extended operational reliability.

Documenting all the process will show how design
iterations occurred, manufacturing details, and performance
evaluations over time, allowing for ongoing improvements
based on operational data and feedback. This holistic design
creates hydraulic turbine blades that are not only engineered
to peak performance but also have long-lived efficiency.
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V. RESULT ANALYSIS AND DISCUSSION

The manufacturing of turbine blades is, most of the
time, involving several processes in order to achieve high
precision, durability, and performance. Energy conversion
using turbine blades is crucial due to its role in converting
energy from either steam or gas into mechanical energy.
Therefore, the manufacturing of turbine blades offers a great
challenge: the blades should possess sufficient strength,
resistance to high temperatures, and precise designs.

Manufacturing turbine blades involves a complex and
precision-driven process that typically includes steps like
casting, machining, heat treatment, and coating. The
analysis of the results in this context focuses on the
effectiveness and efficiency of these manufacturing
processes, as well as the final quality of the blades
produced.
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Fig: 5 Turbine Blade

VI. CONCLUSION:

Manufacturing is relatively a casting, machining, heat
treatment, coating, and finishing process that requires
attentiveness at every juncture. Material selection, an order
that may include advanced work, constitutes the ability of
the blade to function in high-temperature environments.
These blades are obtained through casting techniques such
as investment casting and directional solidification, which
are integral to creating the complexity and the interior
cooling structure for improving blade efficiency and
lifespan.

Manufactured with extreme precision, the most
advanced materials and involving stringent quality controls
in every detail for optimal performances under severe
operating conditions, turbine blades are complex and highly
specialized pieces of engineering. As critical components of
high-performance machinery, they must be withstanding
extreme temperatures, pressures, and mechanical stresses
while maintaining their structure and aerodynamic
efficiency over long periods of use.

Turbine blade manufacturing stands at the highly
refined intersection of engineering expertise and
technological innovation. Continuous advancements in
materials, manufacturing processes, and testing techniques
are necessary to enhance further blade performance,
reliability, and cost-effectiveness in increasingly demanding
applications.
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