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Large launch complex at Tanegashima Space Center. Located
on the shoreline, the center ranks as the most beautiful launch
site in the world.
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The Weatherman Who
Helps Launches Succeed
How does Ide feel during a rocket launch? “I just
keep silently screaming ‘Go! Go! Go!’” The words
are simple, but the emotion behind them is strong:
after all, calculating rocket trajectories is his job.
“I always feel I’m praying, right up until the satellite
has separated at the target location. It takes me a
long time to relax.”
An eyewitness to the H-IIA launches at Tanegashima
Space Center since their privatization, Ide calculated
the orbits for flights No. 17 and 21. It’s rare for the
person in charge of orbital calculations to actually
visit the site because, if the launch is postponed, the
orbit program needs to be adjusted immediately,
back in Nagoya. However, Ide comes to Tanegashima
a week before launches for his other important job:
that of a meteorologist.
“I’d always dreamed of working at the Tanegashima
Space Center, and in my second year after joining the
company, I earned my certification as a meteorologist.
Weather conditions are one of the trickiest elements
in rocket launches, and observing them is another
important task that falls to MHI. Some may wonder
how much wind and rain could really matter, since
we’re launching a massive rocket over 50 meters
long. However, current rockets are streamlined to the
maximum in order to improve acceleration performance
while they carry heavy satellites, and it’s vital to
notice the slightest change in the wind.”
Ide’s role is to comprehensively examine the rain,
wind, clouds and lightning based on data from the
Japan Meteorological Agency, and to inform the
person in charge of the launch of favorable or
unfavorable weather conditions. That person makes
several separate “Go / No Go” decisions : before the

rocket is taken to the launch pad, before liquid
propellant is loaded, and before the countdown
begins. Before each decision, Ide is asked for input.
“From a cost perspective, it’s best to launch on the
target date, but we can’t afford to have the worst
happen because of the weather. The decision to
launch or postpone can feel like a huge dilemma. At
times like that, I always tell myself, ‘Just look at the
data with an open mind.’ Calm decisions are built on
objective data.”
In fact, when No. 17 was scheduled to be launched
with the Venus Climate Orbiter Akatsuki on board,
the weather suddenly took a turn for the worse. Just
five minutes before liftoff, the launch was postponed.
Preparing for another launch would take several days,
and the launch window of opportunity was limited by
the relative positions of Earth and Venus. Although
the situation made Ide conscious of the weight of his
own role, he also gained the confidence to tackle any
problem that came up.

Proud to Work
behind the Scenes
Even as a child, Ide was interested in outer space.
He devoured space-themed manga and engineering
books, and at university, he majored in aerospace
engineering. Ide says that those who currently
calculate orbits and control attitude are ‘unsung
heroes.’ “But I’m proud to be one. It’s best if we
don’t stand out, if we keep quietly accumulating
successful launches.”
This modest comment veils unimaginably precise
calculations. For No. 17, the target was a pinpoint
trajectory from Earth to distant Venus. Launching an
object 53 meters long with a weight of 289 tons and
only a few kilometers of permissible error is a Herculean

The Cargo: Satellites
and Researchers’ Dreams
The satellites launched into space have missions
ranging from planetary exploration to earth
observation. In that sense, MHI Launch Services also
carries the dreams of many researchers. Ide and his
colleagues work on the front lines to make this
service safe and reliable.
Many of the satellite projects in their care have
been in the making for ten years or more. In the few
minutes between the rockets’ launch and the
separation of the satellites, those long years of effort
pay off. “Three days after No. 17 was postponed,”
Ide says, “it was successfully launched. After the
launch, the project engineer for the Akatsuki Orbiter
told me, ‘The launch vehicle performed an amazing
job for us.’ I’ve treasured those words ever since.”
As rockets and satellites evolve, orbital calculations
will become more advanced, and a spirit of challenge
that refuses to be satisfied with the status quo will
be vital. “The field of aerospace is a challenge issued
by humanity. We’re widening our sphere of activity
into space.” Ide’s enthusiasm is bound to add to the
limitless possibilities of space development.

Members of the Systems Design Section of the Space Systems
Engineering Department responsible for orbits and software
design.
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MHI began its rocket launch services in 2007 with the H-IIA Launch Vehicle No. 13, setting up a complete system to
provide services from rocket development through manufacture to launch. The mission: to deliver satellites and other
payloads securely to a target place, on a target date. With Yosuke Ide’s assistance, the Space Systems Engineering
Department determines orbits and performs other tasks to facilitate this mission. Ide also makes weather-related calls
vital to individual launches.
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The Hidden Key Figure Behind the H-IIA Launch Services
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Launching Dreams into Space
with Meteorology and Mathematics

task. The solid rocket boosters separate at 2:05 after
liftoff, and the payload fairing is jettisoned at 4:25.
Accurate impact areas are calculated for all falling
objects as well. “Because we’re dropping the boosters
into the ocean, one after another, absolute safety is
vital. We run countless computer simulations and
design the trajectory to eliminate all possible risk.”
MHI’s accumulated expertise is what gets the job
done. Roughly 90% of the rocket’s weight is propellant,
and a vast number of calculations are necessary to keep
this object, full of oscillating liquid, on the correct path.
“Our generation tends to rely on computers and
perform those calculations by brute force. However,
the older, more experienced members use a trick
called modeling. They take a complicated phenomenon
and extract its essence, simplifying it, then run
simulations. I’ve seen them take one of my sprawling
formulas and reduce it to just a few lines.” Working
with these pioneers has further honed Ide’s orbit
designs.

MHI’s Air Brake Equipment Supports
Railway Reliability, Availability,
Maintainability, Safety and Punctuality

The simplicity and stability of air brakes
continue to stop rolling stock safely
The railway is a means of mass transportation of passengers and freight. A
core part of social infrastructure, its remit has always been to operate reliably,
availably, maintainably, safely and punctually. As trains began to carry more
passengers than freight, so the source of their engine power changed from steam
to diesel and on to electricity. Likewise, air brakes that use the power of
compressed air to stop trains safely and reliably have also evolved into vacuum
brakes, straight air brakes, automatic air brakes, automatic electromagnetic air
brakes, electro-pneumatic straight air brakes and electric command brakes.
Automatic air brakes have been with us since the age of the steam locomotive.
The brakes derive their power from compressed air produced by the locomotive’s
compressor. Compressed air is distributed through a brake pipe in all train cars,
which supplies compressed air via air valves into air reservoirs in each car.
When the pressure in the brake pipe is reduced, the compressed air in the car’s
air reservoir is sent into the brake cylinder, the tread brake unit and calipers,
providing the power to apply the brakes and stop the car. Because the brake
command is a reduction in pressure, any air leakage caused by damage to the
brake pipe results in the automatic application of brakes in each train car. Even
in a decoupling, the whole train will stop safely and reliably.
The invention of this automatic air braking system highly increased railway safety.
A
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Various new brakes with electric brakes or with regenerative brakes have been
developed in sequence, and brake command has been improved from compressed
air to electric. However, this concept of automatic air braking system is still used
as emergency brakes in almost all rolling stock because of its excellent reliability.
MHI and Mitsubishi Electric started their air brake business for steam
locomotives in 1924 in response to a government request for domestic production.
It now supports the backbone of Japan’s railway network, from the E5 bullet
train on the Tohoku Shinkansen all the way through to the N700A bullet train
on the Tokaido Shinkansen and the westerly Sanyo and Kyushu Shinkansen,
and has grown its share of the domestic air brake market to 50%.

Cover : The aluminum air circuit plate that is the main part of the
brake control unit.
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A・B・C・D: The air brake is a braking system used by many trains, such
as the latest N700A Tokaido Shinkansen (Photo A) as well
as many commuter trains. Most are installed under the
train car’s floor (Photo B). MHI manufactures an array of
air brake products, such as air compressors (Photo C) and
brake control units (Photo D) .
〔Cover & Special Feature photos: Unless indicated otherwise,
Mihara Machinery Works, Hiroshima Prefecture, Japan〕
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MHI provides the technology that allows passengers to get on and off trains
at predetermined points on platforms, a feat of braking precision that is taken
for granted in Japan. It is no exaggeration to say that MHI has been intimately
involved with the entire history of air brakes in Japan.

Movie viewable on “MHI Graph” page of MHI’s website.
2013 No.171
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Supporting
Urban
Infrastructure
with Clockwork Precision
and Reliability
A
B

The aluminum air circuit plate inside
a brake control unit. The brakes are
powered by the compressed air
that flows through its intricately
arranged paths.

C

D

E

Smooth braking control ensures passenger convenience,
safety and comfort
The original role of air brake equipment was to stop trains safely and reliably. However, a higher level of performance is now required of
newer brakes. The smooth operation of transit systems depends on the ever more efficient stopping and immediate restarting of rolling stock.
For example, deceleration control is evolving on a daily basis as a result of the improvements in the performance,
reliability and endurance of all air brake equipment products. Enhanced deceleration control enables rapid braking at high speeds,
thereby increasing the number of trains that can be operated.
To help passengers enjoy a pleasant and safe journey, MHI has reduced noise and vibration
and also developed brakes that allow trains to swiftly resume their service after stopping due to a system failure.

A：MHI developed a pipeless brake control unit that integrated the aluminum
air circuit plate with the air reservoir. As well as giving the equipment a
more compact shape, this also drastically rationalized underfloor piping and
made it a lot easier to install, maintain and inspect. It has now been
extended from bullet trains to commuter trains.
B・C：Tread brake units are fitted with an automatic gap adjustment mechanism
that uses the brake shoe wear to maintain a fixed gap with the wheels. This
simplifies maintenance by removing the need to adjust the gap that was
caused by the wear.
D：Operational check of the automatic gap adjustment mechanism being
performed after assembly of a tread brake unit. The automatic gap adjustment
mechanism is activated when the gap between the brake shoe on the pressure
actuated lever and the wheel exceeds a set distance.
E：The environment-conscious oil-free air compressor was developed and
introduced because of the substantial environmental burden imposed by
the conventional oil injection type air compressor during the supply of its
oil and its maintenance. Its simplified structure also enhanced its reliability.

The simplification of train maintenance also contributes to the improvement of the utilization rate of trains.
Thus, smoother braking supports the bedrock of transport infrastructure by safeguarding efficient and punctual travel.
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A：The main part of a scroll compressor
being cut. Boasting low vibration and
low noise that resulted from internal
cross-organizational cooperation, these
are fitted on bullet trains and express
trains.
B：A stress analysis model being used
to analyze the stress generated
along the teeth of the scroll. The teeth
size has a compact and appropriate
design, based on data produced in
research institutes from this analysis.

E

A New Chapter for
Brakes Begins
C

D

Advanced brake equipment created by
collaborative R&D
MHI has been continuously responding to topical brake requirements for
more than 100 years. It has applied its monodzukuri (manufacturing) R&D
sophistication to not just railways, but also to land, sea, air and even space.
Mihara is the development base for air brake equipment and other
mechanical parts for railway rolling stock. The Transport Systems Center
(including Hiroshima R&D Center and various other R&D centers within
the Technology & Innovation Headquarters) closely supports the research,

F

development and evaluation in technical fields such as materials, analysis,
simulation and quality engineering. This R&D expertise is timely channeled
into new products under practical collaboration. The air brake equipment
for automated people movers (APMs) is also subjected to performance tests
and pre-shipment inspections on MHI’s own test tracks.
In addition to air brakes, this monodzukuri-oriented R&D climate has spawned
the design and development of many other advanced products, such as the scroll
compressor that requires high-grade machining technology, technologically
enhanced air pneumatic pressure calipers with improved reliability and
maintainability and train car body inclining equipment with electromagnetic valves
that succeeds in reducing car weight thanks to optimized air pressure control.
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C：Air brake equipment receives regular maintenance so that
it can be reused throughout the 30-year average lifespan of
rolling stock. The ready supply of replacement parts at the
same quality is enabled by MHI’s ongoing tradition of
production technology and by its computerized production
management system. This long-term maintenance and
after-sale service bespeaks MHI’s attitude to sustained
monodzukuri quality.

D・E：A pneumatic brake caliper that bears the braking force of a bullet train travelling at 320km/h*.
Joint winner of the Minister of Education, Culture, Sports, Science and Technology Award
in the 41st Japan Industrial Technology Grand Prize awards in 2012. (Entered as technology
fitted in the E5 Tohoku Shinkansen)

* On the JR East Tohoku Shinkansen
F：The control valve structural arrangement employing a compact electromagnetic valve,
developed to achieve a lightweight and compact design. By expanding the application of
this valve, it will be possible to create a compact, lightweight brake control unit and the train
car body inclining equipment with electromagnetic valves that improves speed on curves.

2013 No.171

07

B
C

MHI Air Brakes
Expand Global Reach

D

A

Transmission of air brake technology through the ages to
continue into the future
Mihara Machinery Works was established in 1943 as a dedicated factory (called Mihara Rolling Stock Works) for
steam locomotives and air brakes for rolling stock that had been produced at Kobe Shipyard since 1924.
Since then it has not only designed and developed countless new products, but also retained a production structure
capable of maintaining a stable supply of parts to support the average rolling stock life of 30 years.
More recently, MHI has been implementing production system innovation to advance quality by improving
the work environment to allow employees to better concentrate on their work.
Quality has also been improved by an increased awareness on the part of both employees and suppliers that the air brakes
whose parts they are manufacturing are the cornerstone of the safety of transports systems around the world.
In 1949 MHI started to supply overseas commercial markets with air brakes, brake valves, control valves, etc. for
the steam locomotives that were produced by Mihara Machinery Works for Thailand. It contributed to the building of
overseas local infrastructure by exporting air brake equipment for the Taiwan High Speed Rail in 2007,
and for APMs of airport transit systems and of urban areas in North America, South East Asia and the Middle East.
MHI’s air brake equipment continues to enrich the lives of people around the world. Its air brake technology has been handed
down over the years ever since 1924, and this intergenerational succession is on track to continue unbroken into the future.
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A：In 1967 MHI developed the MBS
(electric command brakes) with
response speeds superior to
electromagnetic automatic air
brakes. Used in the 7000- and
8000-type trains of Osaka
Municipal Transportation Bureau,
it supported mass transport at
Expo ’70 in Osaka.

B：MHI provided the air brake equipment
for the high-precision signal system
(New ATC System) used by the Taiwan
High Speed Rail between Taipei and
Kaohsiung that opened in 2007. This
advanced technology has also been
widely adopted in other overseas markets.
〔Taiwan High Speed Rail (Taiwan)〕

C：The latest brake control unit (right insert) and
MHI’s Crystal Mover APM that operates at
Singapore’s Changi International Airport (left
photo). The APM connects the terminals of this
huge hub airport. Its novel body design won a
Good Design Prize in 2006.
〔Civil Aviation Authority of Singapore (Singapore)〕

D：MHI’s APM has been adopted by many
airport transit systems around the world,
such as Dubai International Airport
(photo), Hong Kong International Airport
and Incheon International Airport in
South Korea.
〔Dubai Civil Aviation Authority (Dubai)〕
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MHI NEWS
Harnessing
g the Oceanʼs Wind for Greater Energy
gy Eﬃciency
A Global First!

Digitally Controlled
Hydraulic Drive Train
Expands the Possibilities of
Wind Power Generation

DDT performance test conducted in 2012

Efficient Energy Production
with Digital Control

New Technology Targets Latest Market Trend: Large-Scale Offshore Wind Power Generation

Current trends are shifting to offshore wind
power generation, a more efficient option
than onshore generation: there are fewer
location requirements offshore, and the wind
remains more constant. However, efforts are
handicapped by higher construction and
maintenance costs. For this reason, wind
turbine manufacturers are developing larger
models with a rated output of 6 to 8 MW, as
opposed to the conventional 3 to 4 MW.

Demonstration unit “MWT100H” being tested at
Yokohama Dockyard & Machinery Works (photo right).
The unit’s nacelle holds a hydraulic drive train (photo above).

Test Operation of
Revolutionary New Technology
Begins in Yokohama
In January 2013, test operations of an innovative wind power generation facility with a
hydraulic drive train began at MHI Yokohama

Dockyard & Machinery Works.
The adoption of wind power has skyrocketed in
recent years due to global demands for renewable energy, and MHI has now developed the
world’s first hydraulic drive train to use Digital
Displacement® Transmission (DDT*) technology.
The product was created during the develop-

Step-up gear box nacelle (conventional unit, 2.4MW)

ment of a new hydraulic drive train system for
offshore wind turbines, a project which began
in September 2011 with support from the New
Energy and Industrial Technology Development
Organization (NEDO). This operation testing will
accelerate the realization of the world’s largest
7 MW-class wind power generation facility.

Hydraulic drive train nacelle (demonstration unit)

Power generator
Hydraulic motor
Power generator (all-purpose)

The hydraulic drive train
does not require a step-up
gear and can use an
all-purpose power generator.

10

2013 No.171

The DDT hydraulic drive train was based on
technology from Artemis Intelligent Power, Ltd.,
a UK venture company acquired by MHI in
2010. Wind fluctuates with location and
climate, and the transmission enables precise,
digital control of the wind turbine in response.
It also eliminates the need for a step-up gear
box, leading to reduced maintenance costs.
The wind turbines can be partially operated
even when malfunctioning.

Winds of Change
Meet Great Expectations
In the autumn of 2013, an onshore 7 MWclass demonstration unit will be installed and
begin operations in the UK. The Yokohama
demonstration unit is of 2 MW-class, but
output can be increased with relative ease by
increasing the number of pistons and similar
components. The blades of each turbine
draw a circle 167 meters in diameter, and the
facility will be truly enormous.
Europe’s offshore wind power generation
market is predicted to grow from its current
size of 5 GW to 40 GW by 2020. MHI is aiming
for sales of approximately 600 billion yen, and
its mass-produced units are scheduled to hit
the market in 2015.
Having been involved in wind turbine development since 1980, MHI now has over 30 years
of experience and has built up substantial
trust, with over 4,000 units delivered around

the world with a collective output of 412.4
MW. In addition to the UK demonstration
project, MHI is also participating in the offshore
floating wind farm project in Fukushima,
Japan and plans to provide two 7 MW wind
turbines for test operations set to begin in
autumn 2014. MHI is steadily making preparations to respond to the strong expectations
coming from both Japan and overseas.
®

Displacement
*ofDigital
MHI.

Transmission is a registered trademark

Members of the manufacturing team from Yokohama
Power Systems Manufacturing Department,
responsible for assembling the nacelle.

Engineers of the Wind Turbine Business Division, the
Shimonoseki Shipyard & Machinery Works, and the
Technology & Innovation Headquarters involved in
development and testing.

Concentrating Engineers’ Expertise, Advancing Towards Demonstration Testing

Hydraulic pump

Step-up gear box

As its conventional gear drive train could
cause difficulties in larger units, MHI proceeded
to develop the hydraulic device using a revolutionary concept.
To efficiently convert wind power energy into
electricity, the rotation speed of the blades
must be optimized according to wind speed.
In this new method, the wind force that turns
the blades is converted into high-pressured
hydraulic energy inside the hydraulic pump.
This energy is transmitted to the hydraulic
motor, which is accelerated to a set speed of
rotation by digital control to match the electric
power grid frequency. The generator is then
connected to the electric power grid and
operated. With the hydraulic transmission, the
speed of the hydraulic pump and motor can
be controlled separately and the frequency
converter eliminated.

Floating wind turbines to be used in the offshore floating wind
farm project in Fukushima (Conceptual image)

In addition to MHI’s wind turbine technology, a new drive train
was adopted that utilizes the company’s hydraulic technology.
All of the demonstration unit’s key elements were developed
by MHI, a feat possible only by a comprehensive machine
manufacturer.
During development, many unforeseen events are bound to
occur. This time, the Wind Turbine Business Division, the
Shimonoseki Shipyard & Machinery Works, the Technology &
Innovation Headquarters, the Yokohama Power Systems
Manufacturing Department, and Artemis Intelligent Power pooled
their knowledge and experience to design countermeasures.
When the DDT was built into the wind turbine and began to
generate power, the Artemis engineers were thrilled to see

technology from their lab used in a product which would benefit
the world. It was apparent that just like at MHI, “engineering
blood” ran in their veins.
As Asian nations become more prominent and market needs
evolve, the need to develop more competitive products is
growing. The field of offshore wind turbines utilizes a combination
of MHI’s machinery, hydraulic, marine construction and vessel
technologies. The test data accumulated under natural
conditions from this demonstration unit will be used to advance
the development of the 7 MW commercial unit.
The expansion of wind power, which requires no fuel, is an
important step towards resolving the world’s energy problem.
To this end, we plan to give our best.

Head Engineer
Offshore Wind Turbine
Development Project Department
Wind Turbine Business Division,
Power Systems

Shin Maekawa
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