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Of all the business establishments in Mitsubishi Heavy
Industries (MHI), Takasago Machinery Works is unigue
t specializes in large rotating machinery. The
products delivered from here, such as gas turbines

supplying electricity that supports the foundation of our
>s and our industries, steam turbines for thermal or
nuclear power plants, water turbines, pumps and
trifugal chillers, have a good reputation both at home
and abroad. Our technologies and products significantly
contribute to the stable supply of electricity to support
better lives for people around the world

live

cen

inkansen side) and take a tax for about 30 minutes 1o reach the front gate
afion and lake a laxi lor aboul 20 minules to feach the frant gate.
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Arai-cho, Takasago-shi, Hyogo 676-8686, Japan .
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|Fram Kansai International Airport] I takes 65 minutes by limousine bus for Kobe Sannomiya
[From (Osaka) tami Airport] It takes 40 minutes by limousine bus for Kobe Sannomiya.
[From Koba Alrport] It takes about 18 minutes by the Port Liner from Kobe Airport Station to Sannomiya Stalion
i takes about 16 minutes by the JA Kabe Line from Sannomiya Station to Akashi Station.
it takes about 16 minutes by the Sanya Electric Rallway Express from Sanyo Akaghi Station to Takasago Station
It takes about 2 minutes by a reguiar train an the Sanya Electric Railway from Takasago Station to Aral Station;
walk for abaut 5 minutes from Aral Station

om Kagokawa Bypass Kakcgawa Nishi Interchange; it takes

&P Main Office ) Third Blada Shop (Gas Turbing Blade) - %) Hot Parts Repair Shop

) Office No:2 &2 Welding Shop @ Pump and Large Refrigeration Machinery Stiop
(&) Otfice No.3 &) Piping Shop £2) Large Refrigeration Machinery Shop No.2

) Otfice No.4 €8 Heat Exchangers Machining Shop - #%5) Large Reftigeration Machinery Shop No:3

() Otfice No.5 (Design & Service Bullding) & Large Machining Shop 215 Education and Training Cenler of Technical and Humen Sxil
(3 Control System Designing and Manufacturing Cenler {5 Assembly and Testing Shop €2 Combined Cycle Power Plant for Verification Te
) - @ Turbine Shops (& Combustor Shop 23} Steam Turbine Load Testing Facility

(15 Fourh Blade Shop (6as Turbine Blade) - £ Takasago Research & Davelopment Center
{2} Large Blade Forging Shop &5 Fifth Blade Shop {Gas Turbine Blade)

() First Blade Shop (Steam Turbine Blade) 3) Specialized Stop for Nuclear Turbine

(15) Secand Blade Shop (Steam TurbioeBlade) Noceat Torbi Forged Blad Shog)  5) Assembly Shop for Gas Turbine

(& Small Blade Forging Shop
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Maintenance Facilities
for
the EH Control Oil Component
at
Takasago Machinery Works
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Information for LUNGMEN NUCLEAR POWER PROJECT MESSRS.

Maintenance Facilities

for the EH Control Oil Conponent

at Takasago Machinery Works

Work Flow at Takasago Machinery Works
of the EH Control Oil Components

| [0 |

SIS

Disassembly of Parts

.

Penetrant Test & Magnetic Particle Test

\}

Rinsing of Large Parts

= =

Rinsing of Small Parts

\}

Temporary Assembly

\}

Tightening of Bolts/Nuts

\}

Assembly of Components,

etc.

==

J \.

Test of the Control Block

= =

8 @e ]

Test of the Miniature Solenoid Block, etc.

’[Clean Room]

;

\}

Shipment

~————

-14 -

{ Test Room ]
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(@ Disassembled Parts
at MHI Takasago Machinery Works

T

dodobid bbbl 5

@ Penetrant Test & Magnetic Particle Test

at MHI Takasago Machinery Works
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@ Rinsing of Large Parts

at MHI Takasago Machinery Works

@ Rinsing of Small Parts

at MHI Takasago Machinery Works



u881122
page no
- 16 -


® Assembly & Testing Facilities
of the EH Control Oil Components

at MHI Takasago Machinery Works

| .wﬂl|.:.‘:1ihmru RN
v v |— o T 1

Clean Room Test Room

® Stands for Temporary Assembly
and Bolt Tightening of the Hydraulic Cylinder
at MHI Takasago Machinery Works

== NN

\

& a
= =
g o—

For temporary assembly For tightening of |
of the hydraulic cylinder bolts/nuts of the hydraulic

7. | cylinder with torque
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@ Assembly of Components

at MHI Takasago Machinery Works

1"“"- o

Control Block

Test of the Control Block

at MHI Takasago Machinery Works

« Install filters.

« Check the block for oil leakage.

« Check the block for functions, etc.

-18 -
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®) Test of the Miniature Solenoid Block

at MHI Takasago Machinery Works

« Check the block for oil leakage.

« Check the block for functions, etc.

(0 Shipping Room

at MHI Takasago Machinery Works
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Modification of Cross-under Piping
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Campbell Diagram of Advanced
44-inch Blades
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Natural Frequency (Hz)
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Fig.2(b) Campbel! Diagram
1800rpm Advanced 44 in Blade |-1R

15 1413 1

2 11 10

9

//

///

RN

\\\ N

///

/;

e

N

/"2
L
/ _____________..-
/ ’
/ .
500 1000 1500 2000

Rotating Speed (RPM)

4.6-78

-25-

_ Harmonics

£


u881122
page no
- 25 -


300

250

Natural Frequency (Hz)

200

150

100

50

Fig.2(c) Campbell Diagram -
1800rpm Advanced 44 in Blade L~2R
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Inspection Items
for
Main Turbine
and
Main Feedwater Pump Turbine
(Typical Example)
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Mitsubishi Nuclear Steam Turbine
Blade Technology

Nov., 2010
Mitsubishi Heavy Industries, Ltd.

MHI PROPRIETARY CLASS B

This document contains information proprietary
to Mitsubishi Heavy Industries, Ltd. (MHI) ; it
is submitted in confidence and is to be used
solely for the purpose for which it is furnished.
This document and such information is not to
be transmitted, disclosed or used otherwise in

whole or in part without authorization of MHI.
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Contents

1. Feature and Design Technology
2. Verification of MHI Design
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. Feature and Design Technology
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Technology

(1) Integral Shroud Blade

Improved Root/Steeple
Design

(2)

(3) 3-Dimensional Design
Blade

(4) Longer Last Blade

MITSUBISHI PROPRIETARY

Design Features Reliability Enhancement
and Efficiency Improvement

Purpose

Enhance the reliability

Enhance the reliability
against SCC & CF

Higher Efficiency

Higher Efficiency
(Reduce exit loss)

MITSUBISHI PROPRIETARY

(1) Integral Shroud Blade (ISB)

Lashing Wire

Curved Side-entry —=

Grouped

(Original) xz=

Integral
Shroud

Snubber

Straight
Side-entry
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Integral Shroud Blade Construction

Contact
Shroud Shroud

Twistback

MITSUBISHI PROPRIETARY

Integral Shroud Blade

Integral Shroud

L :
Damping

il

Larger damping by the
contact at the shrouds
and snubbers

Vibratory Stress Reduction
in High and Low Flow Conditions
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(2) Improvement of Root and Steeple Design

Lower centrifugal stress by a
larger blade root and steeple
Original

d
Gg::g: Enhancement of Reliability

for Corrosive Environments

MITSUBISHI PROPRIETARY

Improvement of root and steeple strength

Grouped Blade
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Steeple Design Comparison

W Design

Mitsubishi Design(

MITSUBISHI PROPRIETARY

Features of Integral Shroud Blade

-Reduces stress concentrations
eliminating tenon-rivetting

-Minimizes vibratory
stresses

-Reduces number of resonant
responsive vibration modes

reducec

-Prevents [gle]aEyYalelalfe]gle]0E]
vibrations

-Increase back pressure
operational limits
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(3) 3-Dimensional Flow Control Design

Blade Tip Blade Tip No Vortex

Blade Base Blade Base

Conventional 3-Dimensional
Design Flow Control Design

MITSUBISHI PROPRIETARY

CED Flow Analysis Result

Original
Stationary Rotating Stationary _Rotatin

7

Interaction between sionary blade
wake & rotating blade boundary layer

Entropy Distrtion (Mean Height
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3-Dimensional Flow Design Blade

Stationary blade Rotating Blade

MITSUBISHI PROPRIETARY

Efficiency Improvement of Mitsubishi Reaction Blade

AWestinghouse Design) (Mitsubishi Design)
< <
New High
. Efficiency
F3D Reaction Reaction Blade —
i =

New Reaction
: Blade
: 7600 Series {}

 —

5600 Series
1 1 1 1 | | | | |

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
YEAR

- 30 -

Efficiency Improvement (%)

16
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Performance Verification of the F3D Reaction Blade

Efficiency Verification Test at the Laboratory

Internal Efficiency
(Relative)

Velocity Ratio u/Co

(1) Conventional Design Reaction Blade

(2) New Controlled Reaction Blade

MITSUBISHI PROPRIETARY

(4) Longer Last Blade Application

* Longer blade application significantly
reduces Exit Losses

Original Blade

Turbine Efficiency
Improvement

/ Full Load Range

Longer Blade (pepend on Unit)

Exit loss

Volume Flow
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Mitsubishi ISB LP-End Blades

62 and 74IN Blade are
Now Under Development

— _—— —

25IN 29.5IN 33IN 36IN 40IN 45IN Ti 50IN dIN 46IN 54IN

—
~—
3600RPM 1800RPM

MITSUBISHI PROPRIETARY

2. Verification of MHI Design
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Established Verification Process
(Why No Risk ?)

Design New LP End Blades
(D Manufacture Full Scale Blade and Rotating Test
@ Steam Loading Test (Scale / Full Scale)
@ Test under Actual and Severer Conditions
@ Measure Blade Stress / Flow Pattern
® Apply to First Unit after the confirmation

MITSUBISHI PROPRIETARY

54 inch Rotating Test

Blade Frequency Tuning Verified By Full Scale Rotating Test

n
O
C
(@)
=
=
©
I

500 1000 150018002000
Speed (RPM)
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MHI Steam Turbine Test Facility

Turbine Casing

)N Ny
- N P e S G
.G A

i

|

[

1000 X 1031b/h steam can be supplied to test facility.

MITSUBISHI PROPRIETARY

LP Turbine Test Rotor

Manufacture New LP Turbine Complete Model (Larger than 50% Scale)
Install in Test Facility with Special Measurement Instrumentation

Pitot Tube Test Blade
Test Rotr I train Gauge

Longitudinal Section 54IN Test Rotor
of Test Turbine
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Blade Vibration Stress

Efficiency

MITSUBISHI PROPRIETARY

Blade Vibration Stress Results
by Steam Loading Tests

GB:Grouped Blade
ISB:Integral Shroud Blade

550mmHg’

600mmHg [ 52in GB
':_ 700mmH_g]

550mmHg

ff 600mmHg L46in ISB
/{, 700mmHg
g4

550mmHg !

/600’“’““9 154in ISB T™——u_—__}/}
Very Low 700mmHg § 7
- . e g |

- , .
Bt

0 100 200 300 400 300 600

Flow (ton/hr)

MITSUBISHI PROPRIETARY

Efficiency Test Results

~
~

Original Blade Effic

Volume Flow Rate @ : Measured Value

-~ ‘} : Predicted Value
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New Technology Verification at In-house Power Plant

Periodically Updating New Technology Application at In-house
Combined Cycle Power Plant Steam Turbine for Verification

330MW C/C Plant

(Takasago Machinery Works)
Initial Operation :
June, 1997
Total Output :
330MW
(ST 105 MW)
(GT 225 MW)
® : Gas Turbine Building

® :HRSG
Q : Air-cooled Condenser

27
MITSUBISHI PROPRIETARY

New Technology Verification at
In-house Power Plant Steam Turbine

Special Measurement for New Technology in Actual Plant Operation

=7 S S

Special Measurement

Special Measurement
(LOWER CASING & ROTOR INSTALLATION) (UPPER CASING INSTALLATION)
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