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1. Introduction

A combined cycle power generation system, which 
consists of a gas turbine and steam turbine, is charac-
terized by its high power generation efficiency and low 
environmental load.  It has been widely used in recent 
years and becoming increasingly important(1).  Large 
combined-cycle thermal power plants often utilize sea-
water to cool the steam they use.  This makes coastal 
areas suitable for such plants.  However, coastal ar-
eas come with the risk of earthquakes and tsunamis.  
Therefore, these types of large-scale power plants often 
need to adopt countermeasures against natural disas-
ters in order to ensure a stable supply of electricity. 
This is especially true in Japan.  In contrast, inland 
areas are not susceptible to the tsunami damage that 
frequently accompanies earthquakes. This means that 
the installation of large-scale thermal power gen-
eration facilities inland can provide a more reliable 
means of ensuring a stable supply of electricity even 
in the event of an earthquake.  They can serve as valu-
able decentralized backup power source for the entire  
Tokyo metropolitan area, which is highly dependent on 
electricity generated in coastal areas, to stably supply 
electricity.

Fuji Electric undertook an engineering, procure-
ment and construction (EPC) contract to deliver gas 
turbine combined cycle (GTCC) power generation facil-
ities (2 × 624 MW) to the Moka Power Plant operated by 
Kobelco Power Moka Inc., the first large-scale inland 
gas thermal power plant in Japan.  We have recently 
delivered four generators, including two for the gas 
turbine and two for the steam turbine.  This project is 
recognized as a decentralized large-scale power source 
with low risk of natural disasters such as earthquakes 
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and tsunami and was selected as a leading example in 
terms of building national land and energy resilience 
by the Cabinet Secretariat and the Ministry of Econ-
omy, Trade and Industry (METI).

The plant consists of the most advanced open-cycle 
single-shaft gas turbine and a steam turbine, each hav-
ing respective shafts.  Indirect hydrogen-cooled genera-
tors are used for gas turbine power generation and in-
direct air-cooled generators are used for steam turbine 
power generation.  The inland plant uses a large air-
cooled condenser that cools and circulates water.

On the other hand, since the plant was constructed 
inland, it required on-site manufacturing of various 
large equipment.  Specifically, we could not use inland 
transportation to deliver completed generators due to 
constraints such as the dimensions and the load capac-
ity.  To overcome this challenge, we developed a new 
generator that had structures suitable for inland in-
stallation and on-site manufacturing.  Table 1 shows 
the main specifications of the gas turbine generator 
and Fig. 1 shows the cross-sectional view.

In this paper, we will describe the features and  

Table 1  Plant specifications

Item Specification

Output 470 MVA

Voltage 22 kV

Power factor 0.9

Frequency 50 Hz

Cooling system ◦Stator: Indirect hydrogen
◦Rotor: Direct hydrogen

Hydrogen gas pressure 0.5 MPaG

Rotational speed 3,000 min−1

Excitation method Static

Overall length 13.9 m

Mass 456 t
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applied technologies of our hydrogen-cooled generator 
for gas turbines suitable for inland installation.

2. Challenges Facing Generators Designed for 
Inland Installation

Since inland transportation of generators is a 
special endeavor in itself, our transportation division 
planned transportation routes, surveyed the actual 
conditions, such as the width of roads and the height 
of objects in the vicinity of the roads, and also dis-
cussed their plan with road administrators and police.  
We thus learned the transport restriction, in which 
a length of 26 m, width of 3.5 m, height of 4.68 m, 
and mass of 164 tons.  These restrictions prohibit the 
transportation of a completed generator stator (stator 
frame and stator).  Therefore, We had to divide it to 
transport and then manufacture and assemble it on-
site. Figure 2 shows the typical manufacturing process 
for a stator. The manufacturing process consists of 
manufacturing the stator frame and core (core stack-
ing and coil insertion) and assembling them together.  

These processes use large specialized equipment.  To 
carry out this kind of on-site manufacturing and as-
sembly, the introduction of specialized equipment was 
needed, in addition to the new structures suitable for 
transportation constraints.  Furthermore, it was im-
perative to prepare the work site and manufacturing 
equipment and establish the manufacturing process 
considering environmental measures.  Table 2 shows 
the challenges related to on-site manufacturing.

3. Technologies Applied to Inland Indirect 
Hydrogen-Cooled Generators

3.1 Block stator structure
The stator frame is a large component (approxi-

mately 10 m long, 5 m wide, 5 m high, and 85 tons 
in mass) used to cover the core.  Its complex internal 
structure is designed to hold the pressurized hydro-
gen gas as a refrigerant and to form the cooling path.  
Hydrogen gas has excellent cooling performance, but 
is prone to explosion when mixed with oxygen.  There-
fore, the stator frame must be completely airtight and 
strong enough to contain a hydrogen gas explosion.

Stator frame Main terminalPressure 
plate

Hydrogen 
gas cooler

Stator core

Rotor winding

Seal ring

Bearing 
metal

Bearing 
bracket

Support plate Retaining ring

Axial fan

RotorStator winding

Fig.1  Cross-sectional view of gas turbine generator

Stator frame
manufacturing

Core manufacturing
Coil insertionCore

stacking

Stator frame and core assembly

Fig. 2 Generator manufacturing process

Table 2  On-site manufacturing

Issue Challenge

Transportation constraints
◦The stator frame exceeds 

the transportation con-
straints.
◦  The stator core exceeds the 

transportation constraints.

Planning of measures to en-
able local transportation
<Design items>
◦  Development of transport-

able stator frame structure: 
Block stator frame structure

Planning of measures to en-
able on-site manufacturing of 
stator cores
<Design items>
◦  Development of technology 

to improve stator core tight-
ening strength

Issues related to on-site manu-
facturing
<Equipment>
◦  There is no specialized 

equipment.
◦  The capacity and capability 

of overhead cranes are insuf-
ficient.

Planning of measures to en-
able on-site manufacturing
<On-site manufactured items>
◦  Stator frame: Establishment 

of on-site assembly technol-
ogy for new structures
◦  Core stacking work: Devel-

opment of specialized equip-
ment for on-site use
◦  Stator winding assembly: 

Development of specialized 
equipment for on-site use
◦  Stator assembly: Establish-

ment of stator frame and 
core assembly work methods

<Environment>
◦  The work environment is 

unfavorable because the 
building is still under con-
struction.

<On-site manufactured items>
◦  Core stacking work: Rain-

water protection, dust con-
trol, rust prevention
◦  Stator winding assembly: 

Rainwater protection, dust 
control, rust prevention
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The manufacture of the stator frame consists of 
three processes: canning (welding), machining, and as-
sembly.  To ensure quality, it is essential that the work 
on-site is performed at the same quality standards 
as that in the factory.  However, during the product 
planning stage when there were still uncertainties re-
garding the on-site working environment, we expected 
major risks that involve schedule recovery in the event 
of decreased quality and other on-site problems.  In or-
der to ensure product quality, it was thus most impor-
tant for us to design the products so that the amount 
of on-site work is minimized.  Therefore, we developed 
the block structure of the stator frame shown in Fig. 3.  
This structure integrated the four pieces of the stator 
frame divided longitudinally with bolts.  It allowed us 
to complete the stator frame on-site by simply assem-
bling the frame and welding some of the parts inside 
the frame, minimizing the amount of on-site work as 
much as possible.

3.2 Block stator core structure
The stator core is made from 0.5-mm thick elec-

trical steel sheets, punched into a fan shape, coated 
with insulating varnish and laminated into blocks of 
several tens of mm.  The ventilation path for cooling 
was formed by arranging duct pieces [see Fig. 4 (7)] in 

each block [see Fig. 4 (6)] in the laminating direction.  
By stacking them, the total length of the stator core 
reached approximately 6 m.  These tens of thousands 
of laminated electrical steel sheets were then tightened 
using pressure plate placed at both ends of the core, 
clamping bolt and core fixing beams placed around the 
periphery.  They were further secured by support rings 
from the outer peripheral side (see Fig. 4).

Typically, when a stator core is manufactured in a 
factory, a global vacuum pressure impregnation insula-
tion system is used to impregnate the laminated sta-
tor core and stator winding with insulation resin as an 
integrated unit.  Vacuum impregnation fills the space 
between the core, winding and the wedge with resin, 
which adheres strongly to prevent loosening.

However, for this project, there was no global vac-
uum pressurized impregnation equipment available at 
the work site.  Therefore, we developed a donut-shaped 
block-fixing core in which several blocks at both ends 
of the core are laminated at the factory and vacuum 
impregnated, as shown in Fig. 5.  This structure pro-
vided the same effect of resin hardening as the global 
vacuum pressure impregnation insulation system that 
we normally employ.  This created a structure that can 
prevent loosening of the core over time and withstand 
the electromagnetic force applied to the edge of the 
core due to magnetic flux leakage.  Moreover, by manu-
facturing these donut-shaped block-fixing cores at the 
factory and then delivering them to the work site, we 
shortened the construction period for on-site core stack 
manufacturing and meet the delivery deadlines.

3.3 Technology for on-site manufacturing
In addition to quality, cost, and delivery, it was 

important to create a working environment and safety 
conditions that were equal to or better than those of 
the factory.  In order to shorten the construction period 
for the on-site manufacture of the generator, we had to 
simultaneously start preparing the stator frame and 
equipment for on-site manufacturing.  After arrang-
ing the work area with the engineering contractor, we 

Fig.3  Block stator frame

(1) Support ring

(2) Core fixing beam

(3) Pressure plate

(6) Stator core

(4) Clamping bolt

(5) Clamping finger

(7) Duct piece

Fig.4  Stator core end structure

Lifting fixture

Stator core

Fig.5  Block stator core



167First Inland GTCC Thermal Power Plant in Japan: Generator Onsite Manufacturing

is
su

e:
 F

uj
i E

le
ct

ric
’s

 P
ow

er
 G

en
er

at
io

n 
B

us
in

es
s t

o 
R

ea
liz

e 
a 

Lo
w

-C
ar

bo
n 

So
ci

et
y

the progress and quality of the products via web con-
ferencing.

4. On-Site Generator Manufacturing

(1) Stator frame assembly
Stator frame assembly at the factory is performed 

with the frame lying on its side, but in this project, 
we needed to stack parts vertically due to the limited 
work space.  The position of each block stator frame 
needed to be aligned with high precision.  In order to 
do this, it was necessary not only to control the level-
ness of the building floor, but also to precisely adjust 
the vertical and horizontal positions of each block sta-
tor frame and their respective circumferential posi-
tions.  Therefore, we developed various adjustment 
jigs and built scaffolding on the inside and outside the 
frames with safety measures implemented to complete 
the work.  After assembling the block stator frames, 
we laid the integrated stator frame on its side.  Typi-
cally, in a factory, two overhead cranes would be used 
to do this laying work, but the cranes available in the 
building at the work site lacked the capacity to do this 
work.  Therefore, we did the laying work outdoors.  We 
collaborated with a logistics company to lay the stator 
frame using two hydraulic cranes. Figure 6 shows the 
laying work.
(2) Stator core stacking

Figure 7 shows the core stacking work.  We devel-
oped a micro-motion device so that we could adjust the 
levelness of the surface plates and the position of the 
vertical surface plates.  The device’s adjustments fully 
satisfied the factory control values and simplified the 
adjustment process.
(3) Stator winding assembly

Figure 8 shows the stator winding assembly pro-
cess.  Although the overhead crane in the building at 
the site could not be used for this work because the 
work fell outside of its range of motion, we developed 
mobile assembly jigs and part transfer jigs to complete 
the work.  We enhanced the safety of the work by uti-
lizing elevating scaffolds that matched the size of the 

brought in specialized equipment for the generator 
stator.  In preparation for this, we carefully identified 
factors related to the working environment, such as 
temperature, humidity, and amount of dust to deter-
mine control items.  Of course, it was also important to 
consider safety.
(1) Installation and transport of specialized equip-

ment to the site
In order to install and transport the large special-

ized equipment required for manufacturing the genera-
tor stator, we first secured a work area for manufactur-
ing the generator by coordinating with the engineer-
ing contractor and adjusting the overall power plant 
construction plan.  Next, we calculated the maximum 
load of each work area and requested the engineering 
contractor to ensure that each work area can bear the 
load.
(2) Measures for controlling dust on the work site

It was important to control the amount of dust at 
the work site to prevent foreign matter from enter-
ing the insulating material during generator stator 
manufacturing.  Therefore, we set up a curing house 
for respective assembly processes of core stacking and 
stator winding (coil).  In particular, the core stacking 
work involved work at heights of up to 10 m, and we 
installed a large curing house to ensure the required 
seismic strength.  The curing houses had top and side 
walls capable of being opened, making it easy to carry 
in and out the components.  They also used an air- 
conditioning system to prevent condensation by con-
trolling the daily temperature and humidity.  In addi-
tion, we regularly measured the amount of dust as a 
pre-work inspection to maintain the factory-level envi-
ronment and to control quality on-site.
(3) Quality control

To eliminate on-site rework processes, it was im-
portant to reduce risks at the investigation stage and 
establish on-site quality control.  To reduce risks, we 
prepared work procedure manual appropriate for the 
on-site work environment, removed potential risks, 
and when necessary, revised the structure to suite the 
manufacturing on-site.  We also tried to promote the 
manufacturing of the products to the extent possible in 
our factory in advance.  Verifying the assembly process 
at the factory allowed us to identify problems in ad-
vance and take measures to address them.  In terms of 
quality control, we established a management system 
that was at least as good as that of our factory.  We co-
operated with personnel in charge of customer reviews 
and product audits to prepare a procedure manual, so 
that concerned personnel could review the work be-
fore it began.  Besides the witness inspection, a qual-
ity verification system was prepared for customers to 
check product quality at each individual work step.  In 
addition to these measures, the responsible personnel 
on-site and those in the factory used IT equipment to 
closely exchange information.  They shared the infor-
mation on the product state in real time and checked Fig.6  Laying the block stator frame on its side
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the cores circumferentially, the cores were turned cir-
cumferentially by varying the amount of jacking on 
one side of the PJS.  When inserting the stator frame 
into the stator core, we adjusted the parallelism of the 
core and stator frame by changing the speed in the di-
rection of travel of one side of the PJS.  We used the  
micro-motion adjustment jigs and PJS to perform pre-
cise adjustments to complete the assembly work.

5. Postscript

In this paper, we described the technology used to 
perform on-site manufacturing of generators used in 
Japan’s first inland GTCC thermal power plant.  Dur-
ing the design and development stage, we developed 
a method of creating stator frame blocks to deal with 
transportation constraints.  We also described an ex-
ample of how we enhanced technology for stacking 
core ends.  With regard to technologies used for on-site 
manufacturing, we gave examples of the various types 
of equipment used and the working environment.  By 
establishing technology for installing generators in 
inland sites as mentioned above, Fuji Electric success-
fully completed the delivery of the generators on sched-
ule.

We plan to continue contributing to society by de-
veloping technologies that enable us to provide prod-
ucts that meet the needs of our customers.
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plant, as well as sliding scaffolds with handrails.  To 
ensure safety environment, we set up a simple house 
for coating work inside the curing house, installed an 
exhaust system, and used airline respirators.
(4) Stator frame and core assembly

We inserted  the stator frame into the cylindrical 
stator core to complete the generator stator.  Normally, 
we would do this using an overhead crane, but the 
mass of the completed stator exceeded the capacity of 
the crane in the building at the work site.  Instead of 
the overhead crane, we used a power jacking system 
(PJS).  A PJS was constructed with large jacks ar-
ranged like a gate.  It lifted a large object and moved 
it only in the direction of the rail.  It could not move 
it with fine precision transversely.  To overcome this 
weakness, we developed temporary placement jigs 
and a stator core micro-motion device to adjust the 
positioning during assembly work.  Figure 9 shows a 
photo of the PJS assembly.  To adjust the position of 

Fig.7  Assembly of stator core

Fig.8  Stator coil assembly

Fig.9  Assembly of stator core and block stator frame
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