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T
he H-IIB rocket was 
prompted by develop-
ments elsewhere in the 
aerospace industry, ac-
cording to Tomihisa 
Nakamura, project 

manager at the Japan Aerospace 
Exploration Agency (JAXA)’s 
Space Center in Tsukuba. 

“The new H-II Transfer Vehi-
cle is capable of transporting sup-
plies and heavy apparatus for use 
both inside and outside a space 
station or spaceship. But it weighs 
16.5 tons at launch—more than the 
H-IIA rockets could handle. That’s 
why we developed the H-IIB,” Na-
kamura says.

The first step was to extend the 
payload fairing at the tip of the 
rocket from 12 meters to 15 me-
ters. The fairing covers the HTV 
and protects it from aerial drag 
and external heat during ascent. 
The rocket is equipped with not 
one but two first-stage engines to 
allow it to deal with heavier pay-
loads, and the diameter of the fuel 
storage area in the body of the 
rocket was enlarged from 4 meters 
to 5.2 meters to provide additional 
thrust. The H-IIB also has twice as 
many solid rocket boosters (four) 
to support acceleration of the first-
stage engines.

In order to ensure safety and 
reliability, friction-stir welding was 
used for the first time in rocket 
manufacturing. Developed in the 
1990s, this uses the heat from fric-
tion to join metal plates together. It 

has previously been used in mak-
ing parts for cars and trains.

“The aluminum fuel tank, for 
example, is made by joining six 
curved plates together to form a 
cylinder. With the H-IIA rocket, 
we used conventional welding, 
which requires skilled craftsman-
ship and carries the risk of human 
error. For the sake of safety and re-
liability we aimed for greater auto-
mation and mechanization. 

“Friction-stir welding is like 
rubbing a wooden stick against a 
board to make fire. You align the 
plates, rubbing and applying 
downward pressure on them with 
a rod. The metal turns soft and the 
parts join together. With tradi-
tional welding you need to heat the 
metal until it liquefies, but the new 
method doesn’t require such high 
temperatures, so there is no change 
in the composition of the compo-
nent materials. You can join parts 
without affecting the strength of 
the metal.”

 Saving Time and Money
“The H-IIB rocket contains the es-
sence of the best technologies and 
most advanced systems achieved 
in rocketry so far. Launch day, Sep-
tember 11, was an extremely sig-
nificant day for Japanese space ex-
ploration,” says Takashi Maemura, 
general manager for space systems 
at Mitsubishi Heavy Industries, 
which has been involved in the 
project from planning through 

manufacturing and eventual 
launch. Maemura has worked in 
rocket manufacturing for 30 years, 
since the earliest days of Japan’s 
satellite program.

“By using carbon fiber tech-
nology, an area in which Japan is a 
leader, we were able to make sub-
stantial weight reductions. Carbon 
fiber is made by coiling special 
acrylic fibers into a cylinder and 
fixing them in place with a glue-
like resin before firing. It has ex-
ceptional strength for its weight, 
and is used in the link between the 
rocket’s first and second stages. 

“This is the part that covers the 
second-stage engines and the fuel 
tank, so by using molded carbon 
fibers we can reduce the number of 
components and keep costs down. 
As a result, the H-IIB rocket weighs 
just 530 tons, even though it is 
larger than previous rockets. The 
H-IIA weighed 280 tons, and most 
other countries’ rockets weigh al-
most double that. 

“The restartable second-stage 
engine is another aspect of the H-
IIB that was first used with H-IIA 
rockets. A three-stage rocket is 
generally required to launch and 
put a satellite into orbit, but using 
more stages increases the weight of 
the rocket and the number of parts, 
adversely affecting reliability and 
driving up costs. With a restartable 
second-stage engine, it’s possible to 
power the rocket in two stages: the 
primary burn fires the engines and 
produces speed. After this the en-

Rocketing to the Future
The history of satellite launch vehicles in Japan goes back to 1975, when the N-I rocket was used to 
put the country’s first satellite into space. In September 2009 the state-of-the-art H-IIB rocket was 
launched for the first time. Japan Echo reports on the new rocket’s role in Japan’s space exploration 
program and the implications for the country’s rocket business.
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gines are inactive for a while, be-
fore reigniting once the rocket is at 
high altitude to place the satellite 
in its proper orbit.”

This extensive use of existing 
technology brought remarkable re-
ductions in development time and 
production costs.

“It generally takes five or six 
years to develop a new rocket, but 
with the H-IIB we did it in just 
four. And we spent just 27 billion 
yen on development. The H-II cost 
230 billion yen, and the H-IIA 
about 120 billion. That gives you 
some idea of the cost reductions 
we achieved with the H-IIB.”

 A Boost from the Private Sector
In 2002 the “Aims and Directions 
for the Application of Space Explo-
ration Technology in Japan” report 
was released, setting out the direc-

tion Japanese rocket research 
would take in the years to come. 
One innovation was the introduc-
tion of a more efficient manage-
ment system based on methods 
from the private sector to reduce 
production costs and improve reli-
ability. 

The H-IIB rocket was there-
fore a joint public-private under-
taking with an independent pri-
vate-sector partner. The prime 
manufacturer working along- 
side JAXA was Mitsubishi Heavy 
Industries, which was closely in-
volved in nearly every stage of the 
project.

In 2007 the technologies for 
the H-IIA rocket system that had 
been the main focus of rocket-
building efforts since 2001 was 
transferred from JAXA to Mitsubi-
shi. As a result, this January’s 
launch cost just ¥8.5 billion, com-

pared to ¥11 billion for previous, 
same configuration launches. 

“Satellite launch vehicles are 
made up of hundreds of thousands 
or even millions of components, all 
assembled according to extremely 
complex systems. At present, Mi-
tsu bishi Heavy Industries acts as 
the prime manufacturer, but we 
have hundreds of suppliers in our 
Nagoya Aerospace Systems Works 
alone,” says Maemura. 

“Once you add all the subcon-
tractors and the supporting busi-
nesses, you’re talking about several 
thousand companies. These com-
ponents are assembled into sys-
tems by us before being sent to the 
Tanegashima Space Center. This is 
really an intangible skill. We’re a 
company that builds social infra-
structure and are skilled at putting 
together large-scale systems.”

Mitsubishi Heavy Industries is 

New methods will be needed 
to transport supplies to the 
International Space Station 

when the US space shuttle program 
comes to an end in September 2010. 
One new development being 
watched with keen interest around 
the world is the Japan Aerospace Ex-
ploration Agency (JAXA)’s new H-II 
Transfer Vehicle, a demonstrator of 
which successfully docked with the 
ISS following its launch from the 
Tanegashima Space Center in Sep-
tember 2009. 

The HTV is a cylindrical un-
manned orbital transport ship meas-
uring 10 meters long with a diameter 
of 4.4 meters at its widest point—
just large enough to hold a sightsee-
ing bus. 

“The HTV has two separate  
storage areas with a total payload  
of six tons,” explains Yoshiyuki 
Hasegawa, JAXA’s ISS program  
manager. “The first is a container 
maintained at the same atmos pheric 
pressure as on Earth where the 
equipment and materials for daily 
life and work on board the space  
station can be kept. The other is a 
nonpressurized container for stor-
age of spacewalk equipment, spare 
batteries to keep the ISS operational, 
and machinery to keep the space 
station in a fixed attitude vis-à-vis 
the Earth. 

“The module connects to the 
space station via a square hatch 
measuring 1.2 meters a side. This is 
considerably bigger than on other 

transport craft. The Russian Progress 
module and the ATV automated 
transfer vehicle operated by the Eu-
ropean Space Agency, for example, 
have round hatches just 0.8 meters 
in diameter. This allows the HTV to 
transport much bulkier equipment 
for use in experiments and other ma-
terials. 

“Another distinguishing charac-
teristic is the large aperture—some 
2.7 by 2.5 meters—in the nonpres-
surized cabin for storage of equip-
ment for use outside the ISS.” 

Cost is an extremely important 
consideration in space exploration, 
but Hasegawa says that this is an-
other area in which the HTV has a 
major advantage.

“We were able to keep develop-
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already starting to accept orders 
for commercial launch services. At 
present these are limited to the  
H-IIA system, but the success of 
the H-IIB may lead the company 
to expand its business in the future.

“The success of the H-IIB 

rocket increases our launch capa-
bility so that it’s possible to launch 
two satellites at the same time,” 
says JAXA’s Nakamura. “From the 
viewpoint of a client wishing to 
launch a satellite, the costs are now 
much lower and the system far 
easier to use. 

“The H-IIA rocket has a 
proven track record; in the future 
we have plans to expand our 
launch services so that we can use 
either the H-IIA or H-IIB system 
as appropriate, depending on the 
weight of the satellite. We want to 
make the most of what we’ve 
learned from our experiences. 
We’ll continue our research and 
experimental efforts to build ‘fail-
proof ’ rockets that earn the world’s 
trust. We want aerospace to be-
come one of Japan’s core indus-
tries, along with electrical appli-
ances, electronics, and automobiles.”

“People are fascinated by 
space,” says Mitsubishi’s Maemura. 
“And the rockets that allow access 
to space can make humankind’s 
dreams come true. As far as tech-
nology is concerned, manned 
spaceflight is a definite possibility. 
Launching a manned rocket is the 
dream of all the engineers in-
volved. But we also need to de-
velop human resources. 

“Acquiring real manufacturing 
expertise requires being involved 
in all stages of development. So we 
need to channel our resources into 
developing a new generation of 
rockets as well, rather than just im-
proving on existing technology. 
This will help us to pass on true 
craftsmanship and technological 
know-how to the younger genera-
tions. This will be a major chal-
lenge for the Japanese aerospace 
industry in the years ahead.”

ment costs for the HTV down to just 
68 billion yen thanks to the compo-
nent modules that make up the HTV. 
The thrusters that give the craft its 
propulsion and the navigational 
electronics are simply upgraded ver-
sions of the technology we’ve been 
using in our conventional satellites 
for some time now. And the pressur-
ized storage container employs the 
same technology used on Kibo, the 
Japanese Experiment Module for the 
space station. 

“If we had to develop this tech-
nology from scratch, it would have 
cost much, much more. We should 
be able to produce each unit for 
around 14 billion yen. Of course the 
exact figures will vary somewhat de-
pending on what standards you use, 
but the total cost of producing an 
HTV spacecraft, loading it with 
equipment, and sending it to the 

space station should be around 25 
billion yen. The HTV represents the 
lowest cost of any of the options 
available.”

Another unique technology de-
veloped for the HTV is the way it 
docks with the space station: it 
comes to a “stop” at a predetermined 
position and is captured by a robot 
arm. “Stopping,” though, is a relative 
term: the ISS orbits the Earth at the 
remarkable speed of 7 kilometers 
per second, meaning that the HTV 
has to travel at the same speed to 
maintain its distance from the space 
station. 

This was made possible by the 
global navigation satellite system 
developed during the rendezvous 
docking experiments conducted 
with the Orihime and Hikoboshi engi-
neering test satellites launched in 
1997. This is another example of the 

good use the HTV program has 
made of the technology and experi-
ence built up by the Japanese space 
program over many years.

Now that the technology has 
been proven, HTVs are expected to 
be launched once a year, lending vi-
tal support by flying in supplies es-
sential for life and work on the space 
station.

“In the past, the US space shuttle 
carried up to fifteen tons of supplies 
to the ISS on missions made three or 
four times a year. In order to keep 
the space station operational in the 
future, we’ll need to keep it supplied 
not only with new equipment and 
research materials but with food, wa-
ter, and air for the crew, along with 
toilet filters. The role of the HTV will 
become more important than ever 
once the space shuttle is decommis-
sioned next year.” 

The H-IIA rocket, left, and the recently 
launched H-IIB rocket. © JAXA


