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   The transportation infrastructure that supports 

our daily lives has been continuously evolving. At 

the same time, the concentration of growing popula

tions in urban areas stemming from economic devel

opment is leading to serious traffic congestion and 

environmental degradation. As a means for resolving 

these issues, large cities are extending subway lines 

and expanding other public transportation systems. 

The increased economic burden involved in the 

construction and operation of these systems, however, 

has heightened the need for a transportation infrastruc

ture that can be built and operated at lower costs. As 

an alternative to conventional trains and buses, 

monorail and tram (Light Rail:LR) systems have 

emerged as new urban transportation systems. One 

of these systems is the new Automated Guideway 

Transit (AGT) that runs on rubber tires on elevated 

tracks constructed over existing roads. 

   The AGT offers a variable passenger carrying 
capacity, ranging from a small number of people per day 

to mass transport exceeding 100,000 people per day. 

In addition, the system boasts superior environmental 

performance as no exhaust gases are emitted and 

electrical power consumption is low, while use of 

rubber tires reduces noise and vibration. Moreover, 

the small size of the cars allows a high degree of 

freedom in route planning, enabling the system to 

be both scalable and extendable in urban areas. 

Economic operations are realized as these systems 

are driverless and fully automated. 

   In 1973, MHI launched the MAT System, which 
served as a model for all of its subsequent AGT 

systems. The company has since constructed many 

new AGTs, encompassing vehicle production and 

power supply facilities, and has built seven lines 

in major urban areas, from the Kobe Port Liner in 

1981 to the Tokyo Nippori Toneri Liner in 2008. 

Together these Japanese lines carry more than 600,000 

people daily and have become indispensable to 

contemporary city life.

Supporting the development of transportation 
infrastructure essential for cities

In comparison with conventional cars, the new lightweight YURIKAMOME 
cars achieve increased transport capacity and lower power consumption. 
The non-painted aluminum body gives off a beautiful luster.

LR in the form of trams has greatly evolved and as shown in the photo 
(Hiroshima Electric Railway Co. 1000-Series), the bed has changed to 
a low-floor type, allowing senior citizens and individuals in wheelchairs 
to board and alight comfortably.

C :

D :

Monorails create less noise and vibration than railways. The new 
cars of the Chiba Urban Monorail, pictured here, won Japan’s 2012 
Good Design Award.

MHI’s MAT system was announced in 1973. The system was developed 
as a new type of vehicle combining the benefits of monorails, railways, 
and buses and designed to handle small to medium transport 
capacities.  
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YURIKAMOME, Tokyo Waterfront New Transit (Waterfront Line)

In 2010, 108 new YURIKAMOME cars were ordered and featured 
redesigned interiors that incorporated customer needs. Transportation 
volume was improved by adopting long seating and pursuing greater 
comfort.

[Cover, P.2-3: Mihara Machinery Works, Hiroshima Prefecture, Japan]
Movie viewable on “MHI Graph” page of  MHI’s website.

Special Feature

MHI’s New Transit Systems Deliver Outstanding
Cost Performance and

Enhance Municipal Environments

At the Forefront of

Urban
Transportation
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New Routes to 
World Markets
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Sengkang・Punggol LRT — MHI’s first AGT project for overseas urban 
transport. MHI not only supplied the cars, but also most of the other 
related systems from tracks to signal control and power equipment to 
car depot. 

While one company continues to monopolize most new AGT systems 
installed at U.S. airports, the Washington Dulles International Airport, 
Atlanta International Airport, Miami International Airport and others 
have opted for the Crystal Mover because of the value placed on the 
excellent utilization rate, safety, and design innovation of MHI’s transpor-
tation systems.

Based on the excellent reputation of the Sengkang・Punggol Line LRT, 
MHI was awarded the Macau LRT order. Features of the AGT include 
low noise and low vibrations, which will allow the vehicles to run next 
to many hotels. A maximum speed of 80 km/h will be possible, exceeding 
the 20 km/h maximum speed of AGT systems in Japan. 

MHI contracts many AGT systems to overseas customers as a complete 
package, including not just the cars, but also on-site construction, 
commissioning, and even operation and maintenance after start-up. 
Currently, several hundred MHI employees are performing maintenance 
and other operations onsite in the U.S. and various regions in Asia.

At MHI, engineers are invited from overseas to study assembly and 
outfitting work with designers in Japan. These activities provide education 
for the personnel who will be responsible for future onsite production, 
maintenance and operations. 

MHI’s AGT systems are now expanding worldwide.  Starting in 1998, the company installed its first AGT 

overseas at the Hong Kong International Airport. This huge international airport hub introduced the system to 

efficiently transport people between its main terminal building and remote terminals. 

In recent years, however, Japan’s AGT systems have gained attention as means of transportation within cities, 

and applications are spreading to urban areas as well. In Singapore, AGT systems have been adopted 

in the country’s new towns  satellite residential communities of populations on the order of 100,000  

with lines becoming operational in Sengkang New Town in 2002 and in Punggol New Town in 2004. 

MHI designed and manufactured the “Crystal Mover”  the AGTs delivered to Sengkang in Singapore  

as its AGT brand for overseas. The Crystal Mover has won Japan’s Good Design Award twice, 

and its reliability in terms of design and functionality is highly valued. To date, 

a total of 169 cars have been delivered for ten lines in six countries.

Macau LRT (Light Rapid Transit) placed an order for AGTs with MHI in 2011 

after considering competing systems from Europe, the U.S. and other countries.  

Construction is currently underway, with the goal of starting commercial operations in 2015. 

Vehicles named “Urbanismo” are destined to become MHI’s new stars of urban transportation, 

and their future introduction into other Asian countries is expected. 

Playing an active role in densely populated areas with 
superior cost efficiency and quietness
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The AGT bogie achieved a weight reduction 
through frame construction modifications, 
optimized materials utilization, and by simply 
adding holes. The amount of vibration transmit-
ted to the vehicle was reduced through use 
of shock absorbing mechanisms in the guide 
wheels. This not only prevents shaking, but 
also improves durability of the guide wheel.

Joining of the car body and the bogie. Workers 
pay strict attention to this essential operation 
and accomplish it while carrying out fine 
adjustments. 

[A～E : Mihara Machinery Works, Hiroshima 
Prefecture, Japan]
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The vehicle assembly and sheet metal factory 
at the Mihara Wadaoki Plant, where AGT and 
monorail systems are developed and manufac-
tured. The total length of the factory exceeds 
373 meters. Stations are set up for welding, 
machining, painting, assembly, etc.

By simultaneously welding the four panels that 
form the car body of the AGT, production time 
is shortened and thermal distortion is reduced. 
The component panels allow for a lighter car.

As aluminum is a good thermal conductor, welding 
of the aluminum panels that form the car body is 
a highly skilled task requiring technical expertise 
and extensive experience.

The Space Where 
Comfort is Born

A
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In order to create AGT systems that are even quieter as well as more comfortable and cost effective, the hallmarks of these systems, 

MHI continues to develop technologies based on the knowledge and experience gained from over 30 years of manufacturing. 

Since AGT cars run on rubber tires, they are able to achieve better gradeability and acceleration than railway cars, 

but the cars need to be lightweight  in order to meet the allowable tire load limits.

The company’s extensive experience in designing and manufacturing aluminum alloy vehicles has made today’s AGT cars 

lighter and more rigid, raising the quietness and cost efficiency to even higher levels. By modifying the structure of 

the bogie and lightening its components, MHI has succeeded in reducing car weight while still maintaining durability. 

In addition, application of shock absorbing mechanisms has reduced vertical and lateral shaking, further improving ride comfort.

The car interior, too, has been completely revamped from the perspective of universal design, creating a vehicle 

that can be safely and comfortably used by passengers of all ages. These new cars also incorporate environmental design 

throughout by adopting features such as non painted bodies and oil free air compressors. 

Meeting the needs of the market and era: ride quality, 
environmental performance and more
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Test line for comprehensive testing of essential 
operation and maintenance systems, covering 
vehicles, track equipment, power equipment, signal 
and communication equipment, etc. Installation-
site adjustments are minimized by implementing 
necessary corrective measures following repeated 
test runs prior to shipment overseas. 

The OCC (Operation Control Center) built in 2009. 
The Center includes a control room used for 
activities such as operational testing of signal 
and control equipment. 

The platform installed along the test line with 
glass doors. It is used to verify the opening and 
closing of the doors in conjunction with automatic 
operation control.

A water tightness test is done by spraying water 
on the vehicle from all directions to check whether 
any of the welded sections leak. Very few manufac-
turers have this type of test equipment, which 
contributes to more exact and refined vehicle 
manufacture.

[A～E : Mihara Machinery Works, Hiroshima 
Prefecture, Japan]

The Tracks to 
Tomorrow

MHI has set up a test line in a plant where the vehicles are manufactured and conducts performance evaluation tests 

after vehicle completion. This facility greatly reduces the time and amount of adjustments needed after delivery to 

the installation site. The MIHARA Test Center, designed to international standards is currently under construction 

and scheduled to be completed in 2014. The Center will include a 3.2 km railway loop and maintenance training facilities, 

railway, and AGT and HSST (high speed surface transport) test lines.

Moreover, in 2007 for the Taiwan Shinkansen Project and in 2009 for the Dubai Metro Project, MHI implemented 

these transportation system projects from engineering, procurement, construction, and commissioning to 

safety validation. MHI is well versed in both project engineering and vehicle design and manufacturing and is 

one of the few companies in the world capable of system integration. 

The company provides highly reliable and safe transportation systems to locations throughout the world. 

Emerging countries are struggling to cope with chronic traffic congestion that accompanies rapid urbanization. 

Such regions have high hopes for new transit systems that can be built at a low cost and used by many people. 

In the future and based on its past experience, MHI will actively propose urban transit systems to 

these countries with elements matching their individual circumstances. 

A new track is being laid out in urban transit for countries around the world. 

MHI serves the role of system integrator
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  In August 2013, a gas turbine rotor manufac-
turing line built by Mitsubishi Power Systems 
Americas in Savannah, Georgia became 
operational. The facility is named the Savannah 
Machinery Works.
 The 470,000-square-meter Savannah facility 
was built to establish a complete, full-scale gas 
turbine assembly and manufacturing plant in the 
U.S. Construction was previously completed for 

a manufacturing line for gas turbine combustors, 
a gas turbine assembly line, and a maintenance 
department. With the recently completed 
manufacturing area for rotors*1, the core 
component of gas turbines, the plant is now 
able to manufacture and assemble entire gas 
turbines as well as manufacture complete 
components, such as rotors and combustion 
chambers. Now, MHI can deliver more turbines 
to the North American market without the 
impact of foreign exchange fluctuations.  
  In 2012, Savannah Machinery Works completed 
delivery of gas turbines to Dominion, a major 

energy company in the U.S. Rotors and other 
components were manufactured in Japan and 
shipped to the Savannah facility for assembly. 
With the new rotor manufacturing line commenc-
ing operations, the gas turbines ordered in 
2013 by Portland General Electric (PGE) for 
their GTCC power generation system due to 
come online in 2016 will be manufactured 
entirely at Savannah Machinery Works.

 Coal-fired thermal power plants, once America’s 

mainstay of power generation, are being 
phased out due to age-related deterioration 
and stricter U.S. EPA (Environmental Protec-
tion Agency) regulations. Consequently, Gas 
Turbine Combined Cycle (GTCC) power 
generation is gaining attention as a new 
alternative power source. In addition to the 
power produced by the gas turbine, these 
high-efficiency combined cycle power 
generation systems use the high-temperature 
exhaust generated by the gas turbine to 
produce steam that drives the steam turbine, 
generating still more power.  This method is 

very heat efficient and helps reduce the 
environmental load.  
  There are other reasons why GTCC is an 
attractive alternative to coal. One is the U.S.’ s 
large reserves of shale gas*2. Once difficult to 
obtain, extraction techniques such as hydraulic 
fracturing or “fracking”*3 have improved, and 
the volume of gas that can be extracted has 
increased dramatically. The increased supply 
has resulted in falling prices for natural gas, 
making it an energy resource that can be 
economically used in place of coal. 
 Another reason is the U.S.’s ongoing 
introduction of renewable energy. Wind power 
generation and photovoltaic module power 
generation are influenced by the weather and 
natural environment, resulting in an inconsis-
tent output. GTCC is a way to stabilize the 
electrical grid, enabling consistent output  that 
negates the influence of the fluctuating renew-
able power generating sources. 
  GTCC has great potential in North America. If 
further growth and development materialize, 
the market for gas turbines will also expand.
  Savannah Machinery Works was built to meet 
this market expansion, and now includes 
advanced production lines similar to those at 
MHI’s main gas turbine production facility in 
Japan. Using a tested proven line facilitates 
efficient manufacturing. In the event of problems, 
there is already a support system from Japan 
prepared to assist,  enabling efficient resolution 
of problems. Production capacity is now on 
track for 12 units per year. 
  In the future, the Savannah Machinery Works 
will be a core base from which to compete in 
the North American gas turbine market.

  Since 2010, MHI has been working to create 
a global production system with the goal of 
acquiring over 30% of the worldwide gas 
turbine market. The Savannah Machinery 
Works rotor manufacturing line is an integral 
part of this plan. Its completion means that gas 
turbines can now be manufactured locally, 
creating a two-pronged Japan-U.S. production 
base system. When Japan’s manufacturing 
plants are added to the equation, MHI’s gas 
turbine production capacity is anticipated to 
reach approximately 50 turbines per year. 
  MHI currently boasts the third largest global 
market share for gas turbines over 170,000 
kW. The ratio expanded to 16% in 2010 and to 
20% in 2011. The expansion in production 
capacity brought about by having production 
bases in Japan and the U.S. will undoubtedly 
be a primary factor in realizing a global share of 
over 30%.
  With these efforts as a foundation, MHI plans 
to continue pursuing orders from the expand-
ing North American market, from Brazil and 
other Latin American countries – where develop-
ment of offshore oil fields is expected to contrib-
ute to the GTCC market – and from Asia, where 
steady economic growth continues.
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*1:A rotating component comprised of multiple ring-shaped parts. On the rotor manufacturing line, the rings are fitted with turbine blades and sent to the assembly line.

  The gas turbine rotor manufacturing line  began initial 
operations in August 2013.  When it reaches full production, 
the facility will be capable of manufacturing both large gas 
and steam turbines.
  The machine tools and processes within the plant, including the 
rotor manufacturing line, are truly state-of-the-art. This is a 
significant reason for our excellent reputation in the U.S. market. 
It is an impressive sight for customers who tour our facility.
  Dominion had some concerns about their gas turbines being 
the first units manufactured in Savannah, nevertheless, they 
praised the dedicated effort and quality that went into the 

manufacturing process, equating it with the same approach 
to work as MHI’s production base in Japan. That praise was 
the result of all employees working hard to meet Dominion’s 
expectations. It gave the entire team great self-confidence 
and a sense of achievement and  represents a significant 
milestone for MHI.
  The goal of Savannah Machinery Works is to remain a 
state-of-the-art facility with excellent manufacturing 
capabilities. As General Manager, my mission is to make 
Savannah Machinery Works the premier manufacturing 
facility in the U.S. market and beyond. 

Remaining a State-of-the-Art Manufacturing Facility

Mitsubishi Power Systems 
Americas, Inc.

General Manager, 
Savannah Machinery Works

 Sam Suttle

Savannah, Georgia

Gaining Ground in the U.S. Market:
Major Production Factory Enters 
Full Operation

Dual Manufacturing Structure of 
Japan and U.S. Aims for over 
30% of the Global Market Share

A Shift from Coal-Fired to 
GTCC Power Generation 

*2: Natural gas trapped within shale formations.

*3: An excavation process where large amounts of water,  sand 
and chemicals are pumped into a stratum where petroleum 
and gas exist. The pressurize mixture cracks the rock layer 
to create fissures which are filled with sand particles, 
creating passageways for use in extracting the gas.

Turbines are comprised of many individual 
components, including rotors with turbine blades.

Gas turbine

A rotating component consisting of stacked ring-shaped 
parts that are fitted with turbine blades.

Rotor

Savannah Machinery Works  
Commences Full-Scale Production 
in North America, Where Market 
Demand for Industrial and Utility 
Gas Turbines is Rising.

Savannah Machinery Works  
Commences Full-Scale Production 
in North America, Where Market 

Targeting a world gas turbine market share of over 30%

New Plant to Enhance Future 
GTCC Business Expansion in 
North America

Savannah Machinery Works’ first gas turbine ready for 
shipment to Dominion

Production lines mirror those at MHI’s main production 
base in Japan. Gas turbines are assembled at efficient 
assembly stations.

The 470,000㎡ site with 
manufacturing lines for gas 
turbine combustors and 
rotors, an assembly shop 
and a maintenance shop, 
capable of producing 
complete gas turbines.



Homegrown technology supports satellites and planetary explorersHomegrown technology supports satellites and planetary explorers

Spirited Challengers of Space Development:
The Engineers Behind 
Space Propulsion Systems

What does the explorer Hayabusa (MUSES-C), which retrieved  the world’s first asteroid sample, have in common with 
the satellite Hinode (SOLAR-B), which is helping to analyze how the sun works? For both spacecraft, MHI worked on 
the  space propulsion systems that perform attitude control. Takami Tsuyoshi and Uramachi Hikaru, who develop and 
design space propulsion systems, shoulder the high hopes attracted by these national projects. Their skills are vital in 
ensuring that explorers and satellites work as planned in space.

Creating new possibilities:
Space propulsion technology

   Space engineering technology is developing 
rapidly. Already, numerous weather, GPS and other 
artificial satellites are actively orbiting the earth, and 
together with many planetary explorers are helping 
to unravel the mysteries of space.
   One recent example is the Hayabusa, an asteroid 
explorer that returned home barely intact after 
accomplishing many world firsts.
   MHI ’s  contr ibut ion to these cutt ing-edge 
spacecraft consists of space propulsion systems 
(Reaction Control System: RCS*1). These systems are 
vital to space travel: spacecraft use RCS to turn their 
solar-cell modules toward the sun to generate their 
own electricity, adjust their directions so that their 
h igh - speed  commun ica t ions  an tennae  can  
communicate with Earth, and maneuver during 
landing on or taking off from asteroids.
   In his 23-year career, Takami has worked on RCS 
for five satellites, planetary explorers and launch 
vehicles as a developer and designer. According to 
Takami, “At JAXA (Japan Aerospace Exploration 
Agency), they’re developing launch vehicles, satellites 
and explorers. All of these are attempts at world 
firsts, and we handle part of each attempt.”
   Uramachi, in his third year with MHI, works 
alongside Takami in development and design. His 
duties range from concept design to post-production 
verification tests, and even negotiating with clients.
   “Our job doesn’t end when the design is finished. 
We’re involved in a number of different processes, 
which makes it interesting. We get to work until we 
verify the results of what we’ve done . It’s a lot of work, 
but it feels really worthwhile,” says Takami. Takami has 
taken pride in his wide-ranging responsibilities ever since 
joining MHI, and in 2000, he was assigned to the 
soon-to-be-famous project: Hayabusa. 

*1: RCS, which consists mainly of tanks, valves and thrusters (small 
rocket engine), is used to generate the reaction force for attitude 
control.

The benefit of proximity   
yields a domestic first

   On Hayabusa’s return in  2010, i t was  greeted b y 

cheers from all over the world. In this project, MHI 
developed and manufactured the RCS that handles 
attitude control, and the propellant supply system*2 
for the ion thruster, the main propulsion system.
“For the RCS, we developed the first domestically 
produced low-thrust bipropellant thruster. It’s tough 
to manufacture things from a concept, but here (at 
Nagasaki Shipyard & Machinery Works) we’re right 
next door to the Nagasaki Research & Development 
Center, and they helped us clear all sorts of hurdles,” 
remembers Takami.
   Takami was involved with the Hayabusa’s pre-launch 
operation for three months. “At Uchinoura Space 
Center, I performed launch site work, including 
fueling and testing pressure and functions. It was hard 
work, but it was fun, too. While I was working, I was 
so tense that my hands swelled up, and on the day 
after the launch, the swelling vanished, just like 
magic. That showed me just how much pressure I’d 
been feeling.” 
   However, since Takami was in charge of the RCS, his 
work continued even after the launch. Once in space, 
there’s no way to repair spacecraft if problems occur. 
Finding solutions for those problems is the developer’s 
job. “During my summer vacation, I got an urgent 
phone call from the JAXA project manager. He said 
the device for fine attitude control had broken down, 
and he wanted to use the RCS as a substitute. We 
hadn’t designed the RCS for fine attitude control, but 
we  immediately ran tests with a ground test thruster 
and looked for the operating time that would produce 
the smallest possible controlling force.” They subsequently 
checked with thrusters on the Hayabusa as it moved 
through space and managed to successfully land it on the 
asteroid Itokawa. Takami still remembers the elation of 
that moment. 

*2: Control valves and an ultrahigh-pressure tank that stores propellant

More reliable space propulsion systems
help unlock the secrets of space

   Takami is involved in the upcoming 2014 launch of the 
Hayabusa-2, not as a designer, but as development and 
design project manager. Now Uramachi is the one 
involved with development and design, under Takami’s 
leadership. Early ambitions of manned flight led Uramachi 
to study aerospace engineering at a university. He 

Takami and Uramachi witness their designs being verified by 
in-company test device.

Maritime & Space Systems Department
Integrated Defense & Space Systems
Hikaru Uramachi

Maritime & Space Systems Department 
Integrated Defense & Space Systems
Tsuyoshi Takami 2013 N
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was involved in the IKAROS*3 project as a laboratory 
student, and right after joining MHI, he was assigned 
to the Hayabusa-2. However, even Uramachi, 
competent as he was, found the actual work site 
bewildering. “I’d learned the basic techniques and 
knowledge involved in spacecraft systems as a 
student, but when actually designing an RCS, I have  
to consider fine details such as material compatibility 
and tolerance. It makes me realize just how complex 
on-site work can be.” 
   Gathering samples may have been one of Hayabusa’s 
main missions, but for Hayabusa-2, it additionally needs 
reliable execution of sample gathering.” The craft will 
need consistent, high-performance quality control. 
According to Uramachi, “Many past satellites and 
explorers carried out their missions well, and many 
didn’t. I want to figure out what caused the failures, 
then address the issues to make this new spacecraft 
more reliable.”
   The role of RCS isn’t over until the spacecraft has 
completed its mission. The Hayabusa-2, scheduled to 
be launched in 2014, will return in 2020. It will be a 
long time before Takami and Uramachi are able to 
truly relax.
 “Hayabusa’s RCS was damaged during the landing 
and became inoperable, so its function could not be 
fulfilled. We’re feeling the pressure to make one 
that’s sure to succeed this time. If the RCS is 
imperfect, the explorer isn’t able to complete its 
mission,”Takami says. Uramachi adds, “There are 
always lots of new attempts made on planetary 
exploration projects, and there are many things I want 
to try. Making the RCS more reliable is one. Manned 
flight is what got me interested in space, and I’d also 
like to work toward developing an RCS that uses 
green propellants that are less harmful to humans and 
the environment.”
   The asteroid Itokawa is three hundred million kilometers 
from Earth. A transmission takes thirty minutes to 
travel the distance. However, even when they’d lost 
Hayabusa, the project team kept calling it, and this 
produced miraculous results. On the Hayabusa-2, 
Hayabusa’s successor, the apparatus into which 
Takami and Uramachi poured their insatiable curiosity 
will hopefully perform as designed.

*3:  A small solar power sail demonstrator launched on May 21, 2010 

Hayabusa, world’s first spacecraft to retrieve asteroid sample
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