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3.3.2 Continuous Cover Blades (CCB)

Based on a number of cutting-edge design technologies, Hitachi has developed and is in the process of
developing, a series of new blades for Nuclear Turbines featuring a Continuous Cover Blade (CCB) structure
and axial type blade roots that offer better overall performance and superior strength and vibration
characteristics. The CCB and axial type root technology has been adopted from Fossil Turbines, where this
mature technology has demonstrated an excellent operational track record, outstanding operating
characteristics and high reliability since its introduction in 1991.

Hitachi’s CCB design forms a continuously coupled blade structure to improve vibration characteristics
relative to older designs. It also includes integral shrouds and mid-span supports to eliminate the reliability
problems associated with tie-wires.

Adjacent blades in steam turbines are generally linked together to provide greater rigidity and to reduce or
dampen vibrations. The old blade assemblies that were held together by tenons, caulked shrouds and tie
wires had a number of drawbacks, mostly related to stress concentration and assembly.

The CCB blades have contact surfaces (cover and tie boss) that are integral to the construction of the blade
and therefore create significantly lower stress concentrations. Moreover, the untwisting of the pre-twisted
blades during rotation, which is caused by centrifugal force, is restrained by the contact surfaces between
blades. As a result, at rated shaft speed all of the blades are connected and interlocked to form a continuous
ring of blades.

Figure 14 — Last Stage Blade Vibration Mode Characteristics
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In comparison with the conventionally grouped blade configurations the CCB structure has better damping,
fewer resonance points during rotation, more stable vibration characteristics (due to the interlocking of
blades), reduced resonance stress levels, reduced random vibration stress levels, and suppressed flutter.
Moreover, the CCB technology allows for the use of the high-low type radial fin as a tip seal (see Figure 15),
which leads to a better labyrinth effect and hence, increased stage efficiency. Such high-low type radial fins
are not feasible for conventional blade tip portions that have shrouds with protruding tenons.
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Figure 15 — Continuous Cover Blades
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3.3.3 Other Advanced Technology Features and Upgrades

Over the last several decades, Hitachi has continuously improved the STG design. Such improvements can
be categorized into three general areas: efficiency enhancements, strength/reliability enhancements, and
operation/ maintenance enhancements.

Strength and Reliability Enhancements

Strength and reliability improvements are those design changes that extend the life of the turbine through
stronger, more robust components, such as Hitachi’s centerline-supported diaphragms, advanced Electron
Beam Welded (EBW) diaphragms, advanced steel rotor design, erosion prevention for last stage blades, and
Continuous Cover Blades.

Efficiency Enhancements

Efficiency enhancements are those design changes that result in an overall turbine performance
improvement, such as increased number of turbine stages; optimized degree of reaction stage versus impulse
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stage; balanced, highly loaded and advanced laminar blade profiles; controlled and advanced vortex lean
nozzles; Continuous Cover Blades with multiple fin seals; Elliptical Packings; and Diffuser Type Exhaust
Hoods.

Figure 16 lists some of the major efficiency enhancements that have been implemented in Hitachi’s turbine
design.

Operation and Maintenance Enhancements

Operation and Maintenance (O&M) Enhancements are those design changes that result in longer intervals
between scheduled maintenance outages or in shorter outage times. Such design improvements include our
advanced hydraulic bolt tightening technology and topless alignment. The strength and durability
enhancements stated above also have a positive impact on the O&M intervals.
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Figure 16 — Efficiency Enhancements
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