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Bl Abstract

This is a summary of the development of frozen ground engineering technology in Japan.

Frozen ground engineering is the field of engineering that studies the changes and phenomena that
occur in soil as the ground freezes in sub-zero temperatures. These changes and phenomena occur
as the moisture held between the soil particles changes its phase to ice. In frozen ground engineering,
soil that has frozen is referred to as “frozen ground,” and the phenomenon that occurs as it freezes is
referred to as “frost heaving.”

Frozen ground becomes stronger as its temperature decreases and can be as strong as concrete at
around -40°C, depending on the type of soil. At -10°C, it is around one third the strength of concrete.
This means that by freezing the target ground, it can be made to transform like concrete. However,
depending on the type of soil, a phenomenon referred to as “frost heaving” can occur around
the freezing front (0°C isothermal plain) which passes through the ground, freezing it. When this
phenomenon occurs, lens shaped pieces of ice, or “ice lenses,” segregate along the freezing front and,
since the freezing front advances with time, ice lenses appear rhythmically following the direction of the
front, uplifting the ground to the same height as the total thickness of the ice lenses.

The systematic study of frozen ground and the frost heaving phenomenon began in the early 20th
century. In Japan, the Institute of Low Temperature Science of Hokkaido University actively researched
this field scientifically, and in the 1960s the Disaster Prevention Research Institute of Kyoto University
started undertaking a wealth of engineering research in collaboration with Seiken Co., Ltd. These
institutes have yielded some world-class research results.

In the late 1960s, there was a move to utilize liquified natural gas (LNG), due to its low emission of
air pollutants during combustion, as a primary energy source for producing the city gas and electricity
that support our daily lives. This prompted the construction of huge LNG storage tanks in the Keihin
and Keiyo industrial zones facing Tokyo Bay. These tanks were built in-ground to prevent possible
earthquake damage. Since LNG has a temperature of -162°C at atmospheric pressure, the ground
surrounding the LNG in-ground storage tanks would gradually freeze, making them susceptible to
frost heave and exposing the surrounding structures to damage unless appropriate measures were
taken. Once work on the design of LNG in-ground storage tanks began in the late 1960s, the need
for prediction and control of frost heave was recognized, and research in frozen ground engineering
was carried out cooperatively by Japanese industry, government and academia. This resulted in the
construction of around 70 LNG in-ground storage tanks, with around 200,000-300,000m?® of frozen soil
being managed successfully around them.

At the same time, artificial ground-freezing technology for actively freezing ground to the consistency
of concrete began to be used as a standard auxiliary construction method in underground construction
work in major cities such as Tokyo, where there were numerous underground structures in proximity.
This has resulted in as much as 700,000m® of frozen ground used in over 700 construction projects,
making it a significant contributor to urban civil works.

The increase in frozen ground engineering applications has been thanks to rapid technological
advances made in frozen ground engineering, due largely to Japan’s exacting quality requirements
in this field. For example, the ground freezing methods used in urban civil works, and LNG in-ground
storage tanks, which are dozens of meters in depth and diameter, must be executed and managed to
the millimeter. This requires a thoroughgoing understanding and managing of structural displacement.
Japan is the only country in the world to have researched, evaluated and standardized the technology
to meet these strict quality requirements. This technology includes the method to predict frost heaving
quantitatively at any stress and temperature field. Thanks to this research and development, Japan has
reached a globally unparalleled level in frozen ground engineering, as proven by its planning for, and
construction and management of, a huge amount of artificially frozen ground, i.e. around one million
cubic meters.

In fact, Japanese firms have been constructing LNG in-ground tanks and applying ground freezing
methods increasingly in East and Southeast Asia in the last few decades.

In the early years of frozen ground construction, Japanese civil engineers referred to it as a “last resort
construction method” because, although highly reliable, it was very costly. However, more recently, it
has become the standard soil improvement method, as it offers greater reliability and functionality than
other methods.

In any case, with China increasing construction of high-speed train tracks and highways into cold
northern areas as part of its Belt and Road Initiative and Korea turning its attention to developing
underground resources in the Arctic region, both countries’ governments are boosting their R&D
activities in this area, meaning complacency born of pride in achievements to date cannot be an option
for us.
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The idea of electric bicycles or motorcycles in Japan began with patent applications for electric
bicycles or motorcycles in the 1940s. By 1980s, most conceivable forms of motor placement and driving
force transmission methods had been patented. The only design to become a commercial product was
the "Electric Cycle DG-EC2", launched in 1980 as the world’s first electric bicycle. In the early 1990s,
two models of electric scooters were sold for a limited utility. Both of these electric bicycles or two-
wheeled vehicles are legally class 1 motorized bicycles. But due to the battery performance and motor
characteristics when compared with the motorized bicycles at that time, they did not reach widespread
use in the market.

The bicycle market in the early 1970s reached its heyday with the epidemic of boys' sports cycles
and mini-cycles. In the 1980s, light roadsters and city bicycles became the mainstream, and became
widespread mainly among middle and high school students and housewives. On the other hand, in the
late 1970s, family bikes and small scooters were born, and the number of these mopeds sold increased
sharply, including women who were far from motorcycles until then. However, after a fierce battle for
market share around 1980, the number of sales gradually decreased from the time when helmets
became mandatory in 1986.

The electric power assisted bicycle is the first electric bicycle from Japan that was approved as a
bicycle and commercialized in 1993 for the first time in the world, but its development has not been
proceeding smoothly from the beginning. From the late 1970s to the late 1980s, several "'motorized
bicycles with pedals" were developed, but all were interrupted. In 1989, when the engine speed control
according to the pedal rotation was changed to a motor-driven bicycle, a prototype that was close
to the original concept was finally created. After that, with the aim of being approved as a bicycle,
technological development of "a bicycle with a motor drive assisting function proportional to the pedaling
force" was carried out. This included some lobbying as well. Product development began in November
1991 and was a constant hard struggle with battery mounting method, frame strength, battery cycle life,
etc., In November 1993, the first electric power assisted bicycle "first PAS" was released in limited sale
in 3 prefectures of Kanagawa, Shizuoka and Hyogo, and sold nationwide in April 1994,

This report discusses the trends in the electric power assisted bicycle market, products and
technology from 1993 to the present day. The timeframe is divided into four stages: the introductory
stage, the transition stage, the growth stage and the mature stage. Of these, the transition stage is the
most important in many ways. The first half of the transition stage was the only "time of declining sales
and production in the recession" that the electric power assisted bicycle industry experienced.

During the transition stage, technological evolutions have occurred in which the main parts related
to the assisting function, such as batteries, motors, and torque sensors, have changed significantly,
and their basic structure has not changed. From this stage, aluminum frames became widespread.
Expansion to overseas markets in China and Europe also began during this stage.

Since the growth stage, various types of electric power assisted bicycle have increased, supported
by the weight reduction of lithium-ion batteries and aluminum frames and the increase in battery
capacity, and the main user demographic has shifted from elderly people to women in their 20s, 30s
and 40s. In addition, the birth of electric power assisted bicycles with a regenerative charging function
using a front-wheel drive motor has increased the choices of users. The electric power assisted bicycle
industry has continued to grow almost steadily even during the 2008 financial crisis, partly due to the
effects of the revision of the Road Traffic Act for the assist ratio and the revision of the regulations for
bicycles with two child seats.

On the other hand, in the Chinese and European markets, unique electric bicycles were born by
fusing with their respective road conditions, bicycle culture and conventional technology, and the
number has increased rapidly since the early 2000s in China and the latter half of the 2000s in Europe,
has grown into a market that greatly exceeds the Japanese market.

In recent years, in the Japanese market, the number of electric power assisted bicycles for two child
seats, for commuting to school, and for seniors is increasing due to the diversification of bicycles with
two child seats and city bicycles and changes in social conditions. However, as the number increases,
major domestic companies are struggling with accident analysis and recalls of their products.
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The history of telephones in Japan dates back to 1877 (the year after its invention by Alexander
Graham Bell in the United States). Unlike other countries, the technology in Japan was primarily
developed by government agencies such as the Ministry of Communications and Transportation rather
than by manufacturers. From the 1950s, the Nippon Telegraph and Telephone Public Corporation (NTT)
worked with collaborating manufacturers to achieve world-class, high-performance telephones. When
the telephone equipment market was liberalized in 1985, many manufacturers brought out their own
products, ushering in the mobile telephone era in the 1990s.

This report discusses the research and development of telephone sets in Japan from 1880s to 1990s,
with particular focus on the period from the end of the Second World War through to the liberalization
of the telephone equipment market. It was during this time that research and development led by NTT
produced significant results in Japanese telephone technology.

There are various kinds of telephones besides the ordinary telephone, such as public pay phones,
private branch exchange (PBX) phones and mobile phones. The focus of this report is the classic
ordinary telephone that connects to an analogue telephone line, and variants of this. The technical
content will primarily focus on the author’s specialist area of audio technology, as well as references to
other major technologies, such as dials and circuits.

Research and development on independent Japanese telephone set technology began in 1945
by telephone engineers working for the Ministry of Communications and Transportation. The country
was rebuilding itself after the chaos of the Second World War and there was a move to avoid simply
copying overseas technology. The first challenge was to quantify the necessary physical and
psychological characteristics and come up with a design based on rational physical quantities without
depending on trial and error. The “Type 4” telephone set was mass produced in 1949 and became a
symbol of Japan’s reconstruction. Developers had done their best to understand and incorporate the
relationship between transmission frequency characteristics and speech clarity, establish accurate
acoustic measuring methods and encourage the gathering of peripheral technologies. This thoroughly
quantitatively designed telephone was state of the art for its time.

The “Type-600" telephone set was mass produced from 1964, as Japan entered a period of high
economic growth. A group of auditory psychologists had identified preferable acoustic properties for a
telephone set, and these had been referred to by the telephone designers. Very few telephones in the
world have ever been designed based on such fundamental research.

Following the development of the Type-600 telephone set and the related Model 600P push-button
telephone, demand for telephone sets continued to grow as the economy soared. However, the 1973 oil
crisis put a sudden stop to this, as prices skyrocketed and the world went into chaos. In response, NTT
launched an emergency project with collaborating manufacturers, resulting in the Type-601, a telephone
set offering improved performance at significantly reduced cost.

After that, semiconductor ICs began to be incorporated into telephones. This completely changed
the century-old telephone configuration and led to new telephone research and development. Audio
transducers were introduced in pilot products, with small sized transducers being considered in place
of carbon granule microphones and highly sensitive electromagnetic earphones. In the 1980s, NTT
reconsidered its monopoly on telephone receivers. Telephone technology and design became less like
telecommunication equipment and more like consumer appliances. The NTT 801P “Howdy” telephone
series launched in 1984 became the standard for a new generation of telephone sets. With electric
circuits all fully integrated into ICs and featuring three ceramic piezoelectric transducers that had
been investigated by Electrical Communication Laboratory for two decades, this became mainstream
telephone technology worldwide within the next ten years.

When the telephone terminal market in Japan was liberalized in 1985, telephone sets became a
consumer electronic product, with competition arising between the many manufacturers and their
telephone products. The national and international standards for contributing technologies for these
products also became closer to those for general audio products. This report also mentions these trends.
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H Abstract

The first successful powered flight by the Wright brothers was made on December 17, 1903, the
moment when humanity's ancient dreams came true. The dream has grown to the point where many
people around the world can travel freely and with peace of mind in just over 100 years. One significant
technology that has made this dream come true in such a short space of time is the jet engine.

There are two main distinguishing characteristics in the systematization of this technology that
explain how this was achieved so successfully. The first is the prolific exchange of information across
borders since the technology was first invented. In peacetime, the international community worked
together on technology development. In wartime, countries were desperate to analyse the strengths and
weaknesses of enemy aircraft.

The second is that people were constantly sharing the technology with each other. The basic working
principle of the jet engine is simple and has not changed since its invention. The issue is improving
its performance and ensuring its safety and reliability. This inevitably requires the sharing of tacit
knowledge. In other words, even with superior design and manufacturing technology, it is not possible
to get type approval for a commercial aircraft engine without accurately communicating a vast amount
of experience. This report focuses on these two points.

From 1903, many inventors around the world started designing their own aircraft and competing
over performance. To begin with, the competition was to see how quickly one could reach a target
destination while competitors travelled by motorcar. Once that was achieved, the next step was safe
long-distance flight. This was achieved in 1927 with a successful crossing of the Atlantic. However, the
aviation industry at that time was unprofitable and was centered on postal transportation and scenic
flights.

The situation changed completely in World War Il, and the aircraft production capacity of the
countries concerned improved at once. The number of manufacturing machines in each country far
exceeds that of modern times, and in the meantime, performance improvements and upsizing have
been made dramatically. However, the engine was a reciprocating engine, and the jet engine, with some
exceptions, had not yet reached a practical level.

Ongoing tensions between the great powers after the war prompted dramatic growth in jet engine
technology. A large portion of military budgets were invested into research and development in this
field, although the resulting technology was put to use in civilian aircraft. This meant that the new
developments had a number of peculiarities. This report devotes a chapter to this topic.

Jet engines increased in size and reliability to the point where they could be used to cross oceans.
The demand for international travel grew, and airline companies flooded the market. The dominant
airlines became the so-called flag carriers, representing their respective nations. The primary focus of
engine development was increasing size to meet their demands. Around this time, many international
agreements were signed to ensure security, while rules on the maximum permissible limits of noise and
emissions were constantly being revised to resolve environmental issues. As a result, enhancements
in jet engine technology have continued to the present day. This report discusses the advances in
jet engine technology decade by decade from the first generation to the seventh generation of the
technology. In addition, the systematization of each technical area of design and manufacturing is
summarized for each specialized technical field.

This report also notes the technology transfer with the similar field of industrial gas turbines.

This report concludes with a discussion on the expectations for the “Hinomaru” (Japanese flag)
engine that was put on hold for seven years after the war and what is necessary to realize it. One
remaining issue is the trends that will emerge in the era of decarbonisation.
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