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Providing customers around the world with
high-performance, high-quality generators built
utilizing long experience in technological applications
and integrating state-of-the-art technologies

REICEDRZITHON CTE T Bl &
FoEDHEINEME UlcB - SmREDHSEHKZ
HRAPOHERNEHULE T,

ZEEH KEEIESHY —E U REH VP-X

GOOD DESIGN  Good Design Award 2014
AWARD 2014 2014FET y RFY 1 VESE

(&/\ Mitsubishi Electric VP-X Hydrogen-cooled Turbine Generator

VP-

Product lineup
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Stator cooling systems available for Mitsubishi Electric turbine generators are divided into three types, and cover
a wide output range up to the 2,000MVA class.
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Trend in generator technologies and development history of maximum output
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Aiming to improve energy efficiency, Mitsubishi Electric has always maintained a commitment to manufacturing
high efficiency turbine generators. Additionally, effectively using the advantage of scale of power generation
facilities, elemental technologies that enable substantial increases in generator output have been developed.
Both superior design and production technologies are praised highly in countries around the world.
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Air-cooled Generators
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The simple structure of the outstanding air-cooled generators
ensures easy maintenance and short installation time too.
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New ventilation system for larger output
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The latest analytical technologies applied, achieving an optimal cooling
system that suppresses temperature rise throughout the generator and
realizes higher generator output.
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CFD analysis CFD#&#7
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[l Stator frame BEFIL—4
Stator core EEFI7
Stator coil ~ EEFIIL

Higher efficiency fan for lower windage loss

1 Rotor O&F N o Y o
H Bearings 0 WHT 7Y DEHELICIDEBER
I3 Fan EEad A small, high efficiency propeller fan is incorporated to ensure that required fan characteristics are realized, suffi-

Cooler e ciently reducing wind loss and realizing a high efficiency generator.
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| Specifications >~

| System configuration v 25 4#n

SFM (Simple Frame Modular) SFMZY

FTC(Fan-to-Cooler) FTCEY

For small and medium output air-cooled generators
(up to 100 MVA class)
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Air flow ZSDOiRN
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Cooler
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‘ Stator core BEF
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For large output air-cooled generators
(from 100-400 MVA class)
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Air flow ZS DN
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Stator core EEF

HEN

Fan 77> Fan 77>
Stator coil
Output ~400MVA class (FTO Cooler BEFIM
" ~100MVA class (SFM) BB J o | Sllorcore o
Voltage ~21kV . d
=5 r i ™ Rotor i
Thermal insulation cl i
ermalinsulation class  C|3ss 155 (F) 252155 —

BROMET 5 X Sélaécg core

. Beari i =77 P
Temperature ise  Class 130(B) 252130 T e

Rotational speed in-T in-1
AN 3,000min", 3,600min

| Supply record s of var. 2017) BAZHG7=mwR

Frequency 50Hz. 60Hz I COOIlng structure siEs

Ejﬁlﬁ_ Number of units delivered 1,361 units

Efficiency ~98.8% c(igil;]nggir WAEH 13618

% : : [_ _l Maximum output

% Separate series 20MVA class 4-pole generator also available. 2AEH 286 MVA
20MVAZT 5 ZADAMBHEC DV TIRBICY U —EL THDET,
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Hydrogen-cooled Generators

Mitsubishi Electric hydrogen-cooled generators are
highly efficient and cover the widest output range,
up to 900MVA. The compact frame size is ideal for

transportation by rail too.
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Compact frame design for rail transportation
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El Stator frame BEFIL—4
Stator core EEFI7
Stator coil ~ EEFIIL

Rotor BEF
H Bearings L)
@A Fan Ty

Cooler I

Output

i ~900MVA class
Voltage

a2 ~25kV

Thermal insulation class

BROTHT S 2 Class 155(F) 75x155(p)

Temperature rise

o te Class 130(B) 75z130®

Rotational speed . .
OERE 3,000min-. 3,600min"

Frequenc
b 50Hz, 60Hz
Efficienc
oz ~99.0%

Hydrogen gas manifold | Stator coil BEF3TIL

IZY K=V R ——— |
KRAAR M= E — =T, Grand seal BH5
%g;ié%([])%egr : . Bearings B350
Gas system
HRZH

i Cooling-water system
RHEIKRAT
BEFI7 [ Seal oiling system
! R

Carbon dioxide
gas manifold
RBAZXYZR—ILR

| Cooling structure ##ge

Cooling gas Gas cooler —
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Stator core BEFI7 l
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P Rotor DEx T -
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Latest hydrogen-cooled generator technologies
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Highly efficient VP-X Series turbine generators &%=y —t v HEHIVP-X2U—X]

Utilizing technologies that improve generator

Typical specifications of generator developed &REFH#DE LTk

cooling, raise efficiency even higher and enable

Maximum output

a smaller, more compact design, the world larg- BAES 870MVA
est output 870MVA generator has achieved Power factor 0.90
NE :

world-leading high efficiency of 99%. _
o _ N Rotational speed
FHEHOBNBRLEM. S RILEAM, IV /T R

3,600min'/60Hz

{EEfiZEAL. tREARBHIDE7O0MVAL T Efficiency

BetlaBrs s = . ! 99%
REBLAVOBHERIN% ERRLE UL, as °
oo Cooling system Hydrogen
20145128888 E, HitdEN BHSE K

As of December 8, 2014, based on in-house research.

Compact frame design 7L—n/\E1t,

Smaller generator diameter realized using compact gas cooler
ARGHEINEULIC LD REEE IR

Hydrogen cooler
KEmAE

Conventional form
TEREAR

High-performance gas cooler
AR GHE SRR

Fin shape changed to reduce size
T4 VR EEICKDINEALY

Conventional form New form
TR R

High-efficiency fan %7 7>

Fan efficiency improved, realizing higher pressure and larger airflow capacity
Tr7VREB ECEDET-REEM

Stator and rotor cooling performance improved

BEF - O FDsHEREm £

Conventional form New form
TERER ER

Electromagnetic 3D FEM analysis
= RTERERE (D FEM) [C L D EH R BT

Optimized design by utilizing 3D FEM analysis for evaluation
of electrical loss and electromagnetic force, etc.
3D FEMIC &> TIEX-EWNHEZFEL. H5tzREIL

Stator core BEEFI7
Stator coilend EIEFITIL

Clamper #®HE

Rotor MOE#EF

Magnetic shield
W —ILE

I Supply record (s of Mar. 2017) MAEa7=3mm2

Number of units delivered 731 units
WAL 7314

Maximum output

610MVA (indirect hydrogen-cooled) 610MvA Gkt
BAEA 990MVA (direct hydrogen-cooled) 990MVvA Gz




Water-cooled Generators
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Using hydrogen to directly cool the rotor and water to directly cool
the stator coils, Mitsubishi Electric water-cooled generators have
the highest cooling performance and offer higher efficiency.
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Stator frame BEFIL—L4
Stator core BEEFI7
Stator coil ~ EEFIL
A Rotor B&EF
Bearings W

@A Fan TPy
Cooler Hangs

| Specifications | System configuration v a7 s

Output ~2,000MVA class (4pole machine) (41&t) ;‘(g;‘;g\evn 9?'_5 ”}‘SR'fO'd H Stator coil BEF AL
RERHS ~1,400MVA class (2pole machine) (2fEt#) Gas cooler ‘ - 73 77777777 R Stzto1 cooling water sstem
HRGHIEE ' BIEFRAIKRR

Voltage ~30kV Stator coolmg water / pre— s (| [f— " i

BE manifold | Gas system
— Ejzmﬁmk AR

g‘;@%;;“lagon %S Class 155(F) 252155 bearigs 15 Coollng%vit% e
8T S IRHIIKF

T t . Grand seal Z2HH8 ; - Iml |

emperature rise & : il t

a i Class 130(B) 7352130® anaon diodde gas IETL"’ —— oo

Rotational speed  1,500min’.1800min' pole machine) 88

OERE 3,000min', 3,600min"' (2pole machine) (28H)

Frequenc

Frequency 50Hz, 60Hz | Cooling structure ##ge

gﬂgaency ~99.0% Cooling gas BHMHZ

Gas cooler
ARBHNEE

| Technologies i

Large output generators
RENHE

In parallel with improving cooling performance, it is possible to increase output density and therefore maximum output. The
largest outputs for 4- and 2-pole water-cooled generators were a 1,600MVA class in 2000 and 1,200MVA class in 2012, respec-
tively. Today, designs for 2,000MVA class 4-pole generators and 1,400MVA class 2-pole generators have been completed.
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Technologies applied Stator coil-end support structure

BB BEFICIVIY NiES
Stator coil-end rigidity has been improved by incorporating Stator coil-end
a specially designed large resin cone that supports the struc- section
. . . BEFITIV
ture and enables maximum output to be achieved. A high- IVRES

quality brazing system that applies vertical brazing has also

been introduced, ensuring the highest level of reliability. Stator coil-end header section
BEF VIV RSB BECEREALYY IV ERAREE | et TR e
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Resm cone A

Solder
av#
Coil strand
mEIIVES T

New series water-cooled generator
FEUKBHFER
In order to meet diversified market needs, a new series of water-cooled generators has been developed to

achieve higher efficiency, easy maintenance and shorter delivery time.
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Cooling structure of water/radial
ventilation-cooled generator
EUKSIREE DSBS

Cooling structure of conventional
water-cooled generator
feRKnRAEBR O HIMEE

Stator coil BEFI1 IV Gas cooler HR5#188

Stator coil BEF IV Gas cooler HREHIES

)

| |
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1
Rotor coil @#EF )b Fan 77v Fan 77> Rotor coil @&+ Fan 77v
— : Flow of hydrogen K&RDAN == = . Flow of water K@it — : Flow of hydrogen K&RDAN == = . Flow of water 7K®iftt

| Supply record s of var. 2017 AE =880

Number of units delivered 45 units
MABHE 458

Maximum output 1,600MVA (4-pole generator) 1,600MVA 4iEt)
BAEA 1,205MVA (2-pole generator) 1,205MVA Qi@




Experience the improved reliability and economic efficiency of equipment and systems supported by Mitsubishi
Electric's expansive global network and cutting-edge maintenance technologies.
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Generator Maintenance Service
HEMA T F A —E R

El Generator maintenance service menu & XY F+ YA —EAAZ1—

Maintenance technologies Periodic inspection
RERf EHRIRTSE

Diagnostic technology New functions added

Generator operational data such as coll Functionality and operability of existing generators are
temperature, shaft vibration, coil-end enhanced by various replacement menus such as a seal
vibration, and partial discharge are mea- oil degassing unit and online partial discharge monitor.

Operations support
EEHR— b

Coil rewinding technology
Incorporation of an optimal coil

structure and cutting-edge rewind-
ing technology realize coil rewinding

Robotic inspection
Oy b Ri&

Advanced robotic inspection technology
enables the inside of the generator to be
inspected without needing to remove the rotor.

Remote online monitoring system
ERRNEERER AT A

Generator operational data are monitored remotely and an
evaluation report is periodically provided to a customer.
FBWDEGLD DINEZ =R TER U TN CIRRESEML R — b & J1

Replacing older generators enables
upgrading to the latest models pro-
duced with state-of-the-art technolo-
gies that offer enhanced efficiency,
improved ratings and minimal mainte-
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Replace or upgrade generator component
to improve generator operation. Improve
operation efficiency by installing a new
gas cooler, newly-designed bearings, a
high-efficiency blower, etc., all manufac-
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Monitoring PC
EARAPC
1

sured, and an operational data evalua-  work faster and more efficient than BerFa|=ih= MEEBENE FABNE LB A~ 1 — (BE MBS BT,
tion report is submitted periodically. ever before. EERE T, KA B UOMEE_IE) A IRELET,
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Generator replacement Upgrade / 3 ’
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Internet
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nance requirements. tured using the latest technologies. T —‘
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Generator supply record and global network gEtmAREE I O—1NVRy FT—T

Europe 3—oOvi\

Asia 7U7
Turbine generators (thermal)
9—&‘)5@%&@7:)
454 units

Turbine generators (nuclear)
S—EVREREH (RFN)

4 units

Turbine generators (thermal)
F—E U RBH(KT)
40 units

Middle East ¢

Turbine generators (thermal)
S—E U REH(XN)

204 units

Turbine generators (thermal)

Mitsubishi Electric Europe

(U.K. office) T

Harbin Electric Machinery

Mitsubishi Electric
Energy Systems Center
BNV AT LBHERR

, e Mitsubishi Electric Taiwan
Mitsubishi Electric Hong Kong

@ Mitsubishi Electric Asia (Thailand)

Mitsubishi Electric India

L & T MHPS Turbine
Generators Pvt. Ltd.

Mitsubishi Electric Power &
Electrical Infrastructure Systems (Beijing)

Mitsubishi Electric US
® Japan Bx

Turbine generators (thermal)
5—E VU FRER(XT)

Mitsubishi Electric

Dongfang Electric
Machinery Power Products, Inc.
Mitsubishi Electric (Kuwait office) ——@

Mitsubishi Electric (Dubai branch) ——@ T

1,084 units

Turbine generators (nuclear)
S—EVREREH (RFN)

24 units

Generator Supply Record
HEMBRHIAESH

Turbine generators (thermal)
S—E U REH(XN)

Americas @k
Turbine generators (thermal)
F—EVRBRH(CKR)

308 units

Turbine generators (nuclear)
S—EVEEH(RTN)

4 units
as of Mar. 2017 17&38KE=

9—!:“%%&%7:)
47 units

Mitsubishi Electric Asia Pte.

2,137 units

Turbine generators (nuclear)
F—EVEEK(RTFN)

32 units

Mitsubishi Electric Australia @

PY Production / Sales / Procurement P Technology alliances
85,/ HR5E/ FEENLR KAt
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Turbine Generators
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Domestic maintenance network Hokkaido branch

BEARRSTRYNT—7

Mitsubishi Electric and Mitsubishi Electric Plant Engineering service base

—— o —— . () o
=EEH-CEEMOSYNIYIY PO —E R
@ Mitsubishi Electric
=8 Hokuriku branch
@ Mitsubishi Electric Plant Engineering Akt
=BEWIOSUNIVIZPIYT £ Syst Cent
ﬁn;rg%/_z\;ge{’;n; enter Tohoku branch
BAZATAKIER ? iz
Chugoku branch .
hEZH Head office
o O  Fu
Kyushu branch
bz o ( 'Y . Chubu branch
| ° i
() .
[ ) .
S ° Kansai branch
S BFESZ#
0) .
Shikoku branch
® MmEzt
HEAD OFFICE:TOKYO BLDG., 2-7-3 MARUNOUCHI, CHIYODA-KU, TOKYO 100-8310, JAPAN
ZEERIVDH
AN T100-8310 HREFBEADMH2-7-3 (RREIL)
For inquiries, please contact one of the following offices BEGERTENEDZ
Head Office At
Tokyo Bldg., 2-7-3 Marunouchi, Chiyoda-ku, Tokyo 100-8310, Japan T100-8310 SRREBFAHXADA2-7-3(ERREL)
Tel: +81(3)3218-9764 TEL:(03)3218-9764
Hokkaido Branch EEszAt
Hokkaido Bldg., 4-1 Kitanijyounishi, Chiyoda-ku, Sapporo 060-8693, Japan T060-8693 ALIRMHRX L2574 T B1 (dUEELE)L)
Tel: +81(11)212-3721 TEL:(011)212-3721
Tohoku Branch LAt
Kakyoin Square., 1-1-20 Kakyoin, Aoba-ku, Sendai 980-0013, Japan T980-0013 IIEMEEXTERT1-1-20 (ERRAIIT)
Tel: +81(22)216-4531 TEL:(022)216-4531
Hokuriku Branch JepEszHt
Intec BIdg., 5-5 Ushijimashinmachi, Toyama 930-0856, Japan T930-0856 EILM4E#lI5-5(1 T voE)b)
Tel: +81(76)443-1705 TEL:(076)443-1705
Chubu Branch hERsI At
JR Central Towers., 1-1-4 Meieki Nakamura-ku, Nagoya 450-6045, Japan T450-6045 B EMHNXEIR-1-4(UREVNSILYD—X)
Tel: +81(52)565-3127 TEL: (052)565-3127
Kansai Branch BEFESZ AT
Grand Front Osaka., 4-20 Ofuka-cho, Kita-ku, Osaka 530-8206, Japan T530-8206 ABRMILXARAT4-20(F 5> 70OV NARR)
Tel: +81(6)6485-0481 TEL: (06)6485-0481
Chugoku Branch FRESzAE
Nissay Hiroshima Bldg., 7-32 Nakamachi, Naka-ku, Hiroshima 730-8657, Japan T730-8657 ILSTIHRXAE]7-32(ZvEALBEIL)
Tel: +81(82)248-5255 TEL: (082)248-5255
Shikoku Branch POEZ 4
Nihonseimei Takamatsu Before A Station Bldg., 1-1-8 Kotobuki-cho, Takamatsu 760-8654, Japan T760-8654 SHATIERT1-1-8 (BALESHSERFIE L)
Tel: +81(87)825-0003 TEL:(087)825-0003
Kyushu Branch JUN3ZHE
Tenijin Bldg., 2-12-1 Tenjin, Chuo-ku, Fukuoka 810-8686, Japan T810-8686 @M XK®2-12-1 (KHE)L)
Tel: +81(92)721-2130 TEL:(092)721-2130
H foram] = I ED 1SO 9001 Certified
.LRQA Pt
/\ Safety Precautions ®2ICET 3 TFER P 150 9001 ot
. . . < m Th duct this catal
eBefore using, please read the instruction manual & 216 csigned and manufectured
carefully to ensure that the product is used correctly. o in facilties that have received
B B . . > 1509001 certification for internationally
O FH DO FNHUERF I EHE LB AD ELIELLBEWZS N, S K recognized quliy management
system standards.
The export of these products and strategic goods (or services) related to them is subject \ MANAGEMENT gm@&.l;ﬁél:ﬁa?%ﬁﬁ;&
to the Foreign Exchange and Foreign Trade Control Law. Export (or service transaction) SYSHEMS BOEETHA1S0 90011108
requires prior approval from the Ministry of Economy, Trade and Industry of Japan. T 1s09001 001 LT @ EEE TORERMT
AROSE. WEYE (RFEH) CERETHOODHILICH LTI ABEICEICBEREEX — HEEESNTLET,
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