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m Abstract

Last year, the National Science Museum published “A History of Japanese Industrial Robots” ,
which described how these robots were first developed and then improved. Subsequent to that, this
paper reports where Japanese “service robots” (specifically used by the general public outside
the manufacturing environment) stand in terms of technology and business

Although the mass media have enthusiastically been talking about service robotics as if they
are about to immediately affect our daily lives, the reality is not yet there. In an attempt to
reveal the real story, we will review where service robotics now stands and provide insights into
how we can make improvements to make its use widespread

Japan has an edge in exploring the world of robots in business. Indeed, the concept of
industrial robots was created in U.S., but the evolution into industrial products in real
business was accomplished by Japan. The author attributes Japan s success to its smooth
acceptance of the concept of robots by society, which stems from the cultural, mental, and social
heritage of the nation. That is why humanoid robots are flourishing throughout Japan unlike other
countries. The report keeps track of the history of service robotics to identify the secret
behind Japan’ s success in this area.

Service robots developed and used in four areas are reviewed. These are used in 1)
non—human—-accessible environments (nuclear facilities, deep ocean projects, space exploitation,
and micro— and nano-space), 2) the public sector (construction, energy generation, hazard
prevention, and environmental protection), 3) general industries (agriculture, forestry, dairy
farming, fishing, and medical treatment), and 4) human 1ife(humanoids, entertainment, home
robots, and educational tools).

It gives an account on what makes service robots different from industrial robots and
emphasizes that a new approach is needed to establish a new, viable service robot business

One big issue is how to cope with the “non—structured environment” in which service robots
should work. This a critical difference from industrial robots working in a “structured
environment” , which makes it easy to introduce automation. We need more advanced science and
technology for this “un-structured” solution, notably in the area of artificial intelligence

Another issue is how service robots can be developed to be viable products in the real world
market. We clarify why although much time, effort, and money were expended in service-robot
exploitation in the past and many research papers were written, no sizable service-robot market
was created. The causes lie in the fact that all the components used in developing them were
introduced independently. Although similar (or even identical) design problems were addressed by
many of the different projects, it is virtually impossible to reuse technologies that have been
developed elsewhere. Clearly as experience grows in robotic research, the development community
may be able to reuse some aspects of the work that has already been carried out. It should be
emphasized that “open” and “modular” approaches to robotics are above all the key issues in the
process. We should not duplicate previous efforts and re—invent known solutions so that the wide
and growing range of service applications can be adequately supported to allow specific solution
issues to become much simpler and easier.

The report also provides suggestions on specific open and modular approaches to guide the
future direction of Japanese service robotics

A list of milestone products is included to identify where and how legacy achievements have
been preserved
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Historical Development of Turbine Generators
for Fossil and Geothermal Power Plants
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m Abstract

Electricity was introduced into Japan just after the Meiji Restoration and initially applied to
telegraph systems, electric lighting, and electric motor driving systems because of its good
availability. The rapidly increasing demand for electricity led to the construction of a large number
of small thermal and hydro electric power generating stations using imported equipment. While the
growing use of electric motor driving system was becoming a major driving system for various kinds
of industries, the demand for domestic products was getting stronger. The manufacturing of steam
turbines and generators began with the technical assistance of foreign companies contracted at the
end of the Meiji period. In a relatively short period of time, the imported technology was well
studied and understood, resulting in a rapid increase in unit capacity. In particular, the world’ s
largest two—pole, 60Hz turbine generators were manufactured even though there was an international
quarantine due to the worsened international circumstances

To facilitate catching up with the West, which had advanced remarkably during the Second World War,
and to meet the rapidly increasing demand for electricity due to recovery efforts following the War,
most domestic turbine generator manufacturers again contracted for technical assistance from more
advanced manufacturers in the West. The first unit was imported from the West, and the second unit
that was the same size as the first was manufactured by a domestic manufacturer under contract for

technical assistance. These closer relationships with Western manufacturers enabled the construction
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of a large number of advanced thermal power plants

The technical abilities of domestic industries rapidly improved on the basis of established
technologies before the War, and new design technologies derived from imported products and technical
documents were established after the War. Record—-making larger turbine generators were manufactured
yearly during the last 30 years of the Showa period by applying home—grown technologies, culminating
with the manufacture of the world’ s largest 700 and 1000MW turbine generators. The rapid increase
in the unit capacity of domestic generators was due to closer collaboration with potential electric
power companies that could provide technical specifications and improve the manufacturer’ s ability
to evaluate the application of proposed technologies. Finally, domestic manufacturers received
orders from power companies to produce large capacity generators

The drastic changes in the circumstances of the power business (economic conditions, energy
shortages, environmental concerns, etc.) have led to widely diversified requirements for power
stations and turbine generators. The technical potential established in the course of increasing unit
capacity, the remarkable progress in analytical technology by the application of computers, and the
accumulation of material fatigue data have made it possible to fully meet these diversified
requirements, so that no further development of technologies seems necessary

While the demand for electricity in Japan is still growing, the yearly growth rate in electricity
consumption is very low, resulting in a smaller market. This, combined with deregulation, has led to
increasing competition and falling prices. These difficult business conditions have led to new design
concepts like low—end technologies aimed at improving price competitiveness, functionality,
reliability, etc. Example products include larger air—-cooled generators and larger indirectly
hydrogen cooled generators. To design and manufacture such low—cost, high—quality generators,
domestic manufacturers are developing technologies that are being applied worldwide

This paper discusses the historical developments related to thermal and geothermal power plant
generators and summarizes the technical trends and innovative technologies of the entire turbine

generator history, starting from the earliest stage
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Systematic Survey of the Development of Specialized Shipbuilding Technologies
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m Abstract

Following up on the survey of large tankers conducted last year, this year we conducted a survey
regarding the Development of Specialized Shipbuilding Technologies that have been used in the
construction of many ships. The specialized ships examined in this survey are container ships,
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liquefied gas carriers, bulk carriers, and automobile carriers. The survey focused on the trends in
ships under construction, and the progress and development in related technologies. An outline of
the survey results is presented below.

All of the specialized ships covered in the survey first appeared during or after the 1960s, when
Japan experienced an exceptional rate of economic growth following the 2nd World War. The
construction in 1954 of bulk carriers that specialized in transporting iron ore could be considered
the beginning of many specialized ships. The increased production volume of crude steel that resulted
from this economic development brought about a rapid increase in the import of iron ore and coal, and

starting in the 1960s, the construction of “bulk carriers,” designed especially for transporting
iron ore, coal, grains, and other bulk goods, became much more active. In 1966, American shipping
companies began operating “Container Ships,” in which various types of goods was stored in

containers, and those containers were loaded directly onto the ships for transport. The Japanese
shipping industry received a request from Matson Inc. of the U.S. to collaborate in container
shipping, and in 1968, regular liner shipping routes were established for container ships running
between Japan and the West Coast of the U.S. The construction of the container ships being introduced
on these shipping routes marked the beginning of container ship building in Japan.

The demand for propane gas increased rapidly as a result of factors such as changes in living
environments accompanying Japan, s economic growth, and there was a gradual transition to the use of
natural gas, a clean energy that prevents environmental pollution. As a result, it became necessary
to import these and other gases from overseas, and this led to a rapid increase in the demand for
liquefied gas carriers (LPG ships and LNG ships) to transport gases in liquefied form. International
exports increased rapidly with the remarkable growth of the automotive industry, and specialized
automobile carriers combined bulk cargoes, or “Pure Car Carriers (PCC),” were developed in response
to the demand for more efficient marine transport methods to accommodate this growing demand.
Construction of combined automobile carriers began around 1965, and from 1970, many Pure Car Carriers
were built to enable the efficient dedicated transport of automobiles

The fundamental construction technologies used in the construction of these specialized ships had
been fully put in place by the beginning of the 1960s through to the efforts invested in the
shipbuilding industry following the war, and the unique needs of each type of specialized shipbuilding
were met by the later development of specific technologies. Among the specialized ships covered in
this survey, it was the liquefied gas carriers that required technologies differing from other
specialized ships. The liquefaction of propane and natural gas (methane gas) must be achieved through
either cooling or pressure, but in the case of ships transporting large volumes of these substances,
the method commonly selected is cooling. The temperatures for liquefaction of these gases are -42° C
for propane gas and —-162° C for natural gas. The construction of large numbers of liquefied gas
carriers was made possible through the development of low—temperature technologies that met these
requirements. Particularly in the case of natural gas, the extremely low liquefaction temperature of
-162° C presented numerous problems, including shrinking of the storage containers due to thermal
changes, and problems with container materials in terms of insulation and resistance to low
temperatures. For these reasons, the basic concepts for transport methods were developed overseas
The majority of Japanese shipping companies constructed high—quality liquefied gas carriers by using
basic concepts for technologies developed overseas, and then developing detailed technologies related
to specific construction issues

Among the specialized ships other than liquefied gas carriers, it was the container ships that
required more advanced technologies than other specialized ships. With the introduction of container
ships, port and harbor cargo handling became more efficient, and it became possible to transport cargo
directly from the cargo sender to the receiver in a single consistent process. Needs increased rapidly
as a result, and the size of ships grew dramatically as a means of increasing transport efficiency.
Because container ships are required to operate on regular shipping routes within a specified time
schedule, it was essential to develop ships that could maintain running speed even in the midst of
constantly changing ocean wave conditions. Many large container ships were built by combining the
results of model tank tests and analysis technologies by computer, which enabled the development of
large, high—speed vessels.

Bulk carriers that handle iron ore and other cargo with high specific gravity, as well as Pure Car
Carriers that adopt automated cargo handling methods to enable efficient handling of automobiles,
require structural localization of the ships that had never been used before, and also require careful
conformation of the structural strength of the ship bodies. Design technologies related to structural
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strength were incorporated at an early stage in the form of the computer—based “finite element method
(FEM).” It is now possible to fully confirm structural safety, even in the case of large-scale bulk
carriers that transport loads in excess of 200, 000 tons

In keeping with Japan, s economic growth, in addition to the changing types of cargo being transported
by sea, there have been increasing demands for greater efficiency in transport, and for the
construction of diverse types of specialized ships. Through this survey, we have been able to confirm
that Japan, s shipbuilding industry is capable of manufacturing large numbers of specialized ships,
through the construction of a firm foundation in shipbuilding technologies, and the development of
specific technologies that respond to the requirements of each specialized application.
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Biquinary mechanical calculating machine,
"Jido-Soroban” (automatic abacus), built by Ryoichi Yazu
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m Abstract

Whilhelm Schickard (1592-1635), a professor of Tubingen University, in Germany, constructed the
first calculating machine but no copy of the machine is extant. In 1642, French mathematician and
philosopher Blaise Pascal (1623-1662) designed and built a small and simple adding machine. He
produced about 50 different machines during his lifetime, some of which still exist. German Gottfried
W. Leibniz (1646-1716), another great universalist, invented a calculating machine using a stepped
drum. This mechanism enabled him to build a machine for doing multiplication and division as well
as addition and subtraction. Charles Xavier Thomas de Colmar, in France, improved the Leibniz
mechanism and produced the first commercial model called an arithmometer in the early 1820s

In Japan, Ryoichi Yazu invented a calculating machine called a “Jido—Soroban” (automatic abacus)
in 1902. It was based on a biquinary system similar to an abacus and had a unique drum mechanism
that allowed it to add, subtract, multiply, and divide decimal numbers. He got two patents, one for
the original machine, in 1903, and another for an improved model, in 1910. The latter mechanism could
shift numbers automatically during multiplication and division and stop calculations automatically
when finished.

Yazu named his product the “Patent Yazu Arithmometer” and manufactured about 200 units in Tokyo. The
unit price was 200 yen at that time. He met Mori Ogai in Kokura, Kyushu, when he was developing his
machine. Mori introduced him to professors at the University of Tokyo. When Yazu died, at the age
of 31, Mori expressed his regret at Yazu’ s premature death. Mori also wrote of his meeting with
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Yazu in 1901 in his diary “Kokura Nikki” . Mori was a novelist and physician, who is considered
one of the leading writers of the Meiji period. One of Yazu’ s machines was found in the 1960s in
the house of a descendent of Yazu's sister. This machine was exhibited at the National Science
Museum in Tokyo from July to November of 2004.
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