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Systematic Survey of the Development of Paint Technologies
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M Abstract

Paints are composed of ingredients such as binders, pigments, additives and solvents (organic solvents or water).
Almost all of the raw materials today are chemical products. Of these materials, the component that determines the
basic properties of the paint is the binder.

In this research survey, | seek to provide a chronologically-organized study of the development of the basic
technologies of paints, with a focus on binders.

Until the 19" century, binders were mainly natural materials. Oil-based paints , Japanese lacquer and gelatinous
glue have long been used in the West and in Japan, respectively.

In the 19" century, nitrocellulose was developed. The introduction of quick-drying nitrocellulose opened the path
to industrial paints. This marked the first technological innovation.

The latter half of the 19" century saw breakthroughs in synthetic organic chemistry in America and Europe, and
heralded the era of synthetic resin chemistry. Oil-modified alkyd resins were introduced in the beginning of the 20"
century and gave rise to baking-type amino alkyd resin paints. This marked the second technological innovation.
These advancements led to the development of electrostatic coating method and pretreatment processing
technologies. The coatings for industrial use got into gear.

In the mid-20" century, many synthetic resins were created by the remarkable progress in polymer and petroleum
chemistry. A variety of synthetic resin paints were created by incorporating resins. The performance of these paints
improved dramatically, ushering in the era of the third technological innovation. The development of polymer
chemistry gave birth to many kinds of paints that use a variety of materials and meet the needs of a wide range of
purposes. These paints include industrial paints, heavy-duty coating paints, construction paints, and repair paints for
different industries.

The next major innovation was the advanced systemization of paints and coating systems, which marked the fourth
technological innovation. Electro-deposition painting is a representative example. Before long, powder coating, coil
coating, and water-based recycling paint systems were created. These fourth technological innovations were further
developed to be outstanding technologies in response to the environment.

This summary gives a macro picture of the march of innovations in paint technologies. Continuous progress in
paint technologies has greatly contributed to the development of different industries and to the realization of an
affluent society.
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Histrical Development of Blast Furnace Technologies
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M Abstract

Japan'’s iron industry recently celebrated its 150th anniversary. The industry began in 1857 (the 4th year of the Ansei era)
when Takato Oshima built a Western-style blast furnace in the Ohashi district of Kamaishi, Iwate Prefecture. At that time,
because cannon barrels constructed from sand pig iron using the traditional Tatara process lacked sufficient strength, Oshima
sought to produce large volume of pig iron of uniform quality refined in blast furnaces. He built his own Western-style blast
furnace using Kamaishi’s lump ore and knowledge from Huguenin Ulrich’s The Casting Processes at the National Iron Cannon
Foundry in Luik (written in 1826), which he translated himself.

To meet the increase in demand by the military as a result of the Meiji government’s policies of “Enrich the country,
strengthen the military” and “Increase production, promote industry,’English early-modern steel production techniques were
introduced at the government-run Kamaishi mine (with a blast furnace of 25t daily output). Integrated steel production (using a
160t daily output blast furnace) was also implemented using German technology at the government-run Yawata iron and steel
mill's No.1 blast furnace. Both steel mills were built under the assistance of foreign engineers, however, they were unsuccessful.
While the steel mills possessed the newest facilities and capabilities, They lacked sufficient knowledge about the performance
of coal. Thus coke strong enough for the size of the furnaces was not produced and the furnace could not be stably operated.
Japanese needed to develop their own knowledge. At that time, strongly - caking coals were not available with Japanese
coals.

The greatest technological challenge was to establish production methods for coke that has strength against breaking
appropriate to the inner volume of blast furnaces.

After world war |, stimulated by growth in the demand for steel, Government-controlled and private-sector steel mills grew in
tandem. The increase of Japan'’s self-sufficiency rate in steel and the price war against foreign steel became industry challenges.
Investment in facility was actively pursued to rationalize the expansion in the production capability of blast furnaces and in
labor-intensive tasks. An environment of investment and loan was also established .

After World War Il ,the development of blast furnace technology was greatly influenced by the advanced economic growth
strategy, and trends in energy and iron ore resources. Large-sized integrated iron and steel woks ware constructed on bay sites.

In response to the strong yen set by the Plaza Accord, and the rise in the global demand of steel in the 21st century by the
growth of developing countries, the intensification of production sites and improvements in labor productivity have been
accelerated.

The development of blast furnaces after the Second World War has proceeded with the active introduction of foreign
technologies, but this has also brought major production risks when facility and operation problems occur as blast furnaces
become larger.

Work is essential to raise the completeness of the facilities to prevent incidents and improve reliability. Also needed is
standardizing technology and increasing added value to establish stable operations.

These efforts have given birth to Japan’s own innovative technologies. Japan's steel technologies have attained the most
advanced level in the world thanks to honing by competition and cooperation among companies, research collaboration by
government, industry, and academia to solve common challenges, and the country’s unique artisanal culture.
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Historical Development of Pressure gauges Technologies
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M Abstract

The first pressure gauge in the world was a mercury barometer invented by the Italian Evangelista Torricelli in the 17th century. This device, which
today is called a “mercury liquid-column manometer” or simply “manometer,” is classified as a “liquid column manometer.” Later, in the 18th and 19th
centuries, the “dead-weight tester” that generates pressure in a cylinder using a piston and weight was invented in Germany, the “aneroid barometer”
and “Bourdon tube gauge,” which exploit the elasticity of metal and are today classified as an “aneroid gauge” (which, according to JIS pressure gauge
standards, has an elastic element like a Bourdon tube, bellows, chamber, or diaphragm in the pressure receiver of the gauge) were invented in France,
and a model of a recording pressure gauge (engine indicator) using a piston and spring was invented in Great Britain.

In the history of pressure gauges beginning with the barometer, of particular importance are these four types of pressure gauges—liquid column
manometer, dead-weight tester, aneroid gauge, and engine indicator—having different structural principles.

The liquid column manometer has progressed since the barometer invented by Torricelli, and today, it is used in blood pressure gauges, altimeters, and
other devices. In Japan, a “standard liquid column manometer” was prescribed in 1920 for testing purposes in conjunction with the launch of a national
certification system for Bourdon tube gauges. It has since come to be widely used for calibrating and inspecting low-pressure gauges in industry.

A “standard dead-weight tester” was also prescribed at the same time as the standard liquid column manometer for use in testing Bourdon tube
gauges. After World War I, various types of dead-weight testers were developed as the demand for highly precise pressures and higher pressures
increased, and today, dead-weight testers are being widely used in low-pressure to high-pressure applications and in the calibration and inspection of
Bourdon tube gauges and other pressure measuring devices.

The aneroid gauge uses an elastic element in the pressure receiver. Gauges of this type that use other than Bourdon tubes for the elastic element
have come to be used for micro-pressure applications, but those that use Bourdon tubes are quite adaptive covering the range from low-pressure to
ultra-high-pressure applications. The aneroid gauge spread quickly to industrially advanced countries after its invention and came to replace many
liquid column manometers that had been used up to that time. The aneroid gauge went on to make great contributions to the development of modern
industry, which had started with Great Britain, throughout the world.

The engine indicator was the world’s first recording pressure gauge. Being limited in application, it is not well known, but its role in developing
practical steam engines during the industrial revolution in Great Britain is immense. It is said that this type of pressure gauge is today made by only one
company in the world: a Japanese pressure gauge manufacturer. Although it is used for only special applications and produced in limited quantities, its
historical value is high.

In Japan, the first person to research and develop Bourdon tube gauges was Yoshihira Wada, who founded Wada Keiki Seisakusho in 1896. At that time,
the Meiji government was actively promoting a transition from light to heavy industry to make Japan into a modern nation through prosperity, military
strength, and industrialization. As part of this policy, steam locomotives and other types of steam engines equipped with pressure gauges were being
imported from Europe in great numbers. By his own effort, Yoshihira Wada succeeded in domestically producing these pressure gauges.

On entering the Taisho era (1912 - 1926), the industrialization of Japan flourished and progressed in conjunction with a military buildup and
overseas expansion through colonization. Then, despite the unprecedented disaster of the Great Kanto Earthquake of 1923, the production of industrial
machinery continued to expand right up to the Second World War. The demand for domestically produced Bourdon tube gauges increased dramatically,
and the number of pressure gauge makers in Japan grew from just a few to more than a hundred by the 1930s. The Bourdon tube gauge promoted the
industrialization and economic development of Japan.

During the Second World War, much of Japan’s industrial base was destroyed, but after the war, special procurements associated with the Korean
conflict breathed new life into the industrial sector. The high economic growth period that followed also gave rise to new industries resulting in more
diverse and advanced needs for pressure gauges, which stimulated the development of products using new technologies. Electrical pressure gauges
(analog indicators) that appeared after the war converted pressure to electrical quantities using Bourdon tubes. With the coming of the computer
era, however, computer control in which pressure indication is unnecessary became mainstream and products like electronic pressure gauges (digital
displays) and pressure transmitters came to be developed. Electrical pressure gauges fell out of use as a result.

Then, as Japan entered the Heisei era following the bursting of the bubble economy, “industrial pressure sensors” began to spread rapidly. These
industrial sensors were the result of long-term R&D efforts by leading pressure gauge makers in Japan using new semiconductor technologies. They
have come to be exported to industrially advanced countries from which Japan once imported pressure gauges, and the international market for them
is expanding steadily. Industrial pressure sensors are the fruit of pressure measuring technologies and a strong point of Japanese industry.

Nevertheless, while a variety of pressure gauges have appeared in the post-war period, the Bourdon tube gauge, whose production volume has
grown from 14,000 units in 1920 when the national certification system was launched to about 9-million units in 2007 and whose history is one of
the oldest among pressure gauges, is now the most widely used pressure gauge in Japanese industry. The Bourdon tube gauge, which has survived
earthquakes and wars and the trend toward digital devices following Japan’s high economic growth period, is still evolving technologically as reflected
by the development of an ultra-high-pressure Bourdon tube gauge meeting the world’s highest standards. We can expect the Bourdon tube gauge to
continue to make significant contributions to industry.
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M Abstract

With the economy boom  after the Second World War, there was the need for a great quantity of housing for every country
involved in the war. Mass production housing (prefabricated housing) was achieved, tested and commercialized.

However, for most countries, this method did not attain complete success and development as the primary new way of
building houses. Of all the countries in the world, only in Japan has this method become the primary new method for building
low-rise detached houses. Prefab housing manufacturers became commercially successful and formed a major group of
industries. The primary factors for their success was the fact that the Japanese compared to Europeans tend to live in low
rise, detached houses, even in the metropolitan areas. The market in Japan is also blessed with a comparatively concentrated
geography, contrary to being wide dispersed, as is the case in the USA. However, those involved in the prefab field did not
simply view this method as only system for industrialized mass production method. A critical reason of their success is also the
fact they have viewed this method as the system that values performance and quality.

The prefab systems have also played a major influence in the new way of living and the high performance for living to the
Japanese traditional housing industry by sharing advanced, modern industrialized components. These influences have raised
the overall quality of the Japanese housing industry.

Chapter 1 takes a historical look at the birth of prefab housing as a rather simple, small single-storied housing, its growth as a
result of major changes in economic and social conditions, and its eventual role as a leader in the Japanese housing industry as
it undergoes transition to the industry that values high performance.

In Chapter 2, we examine Japan's distinct, closed systems that belong to different companies by their construction materials :
steel-based, concrete-based, and wood-based. We explain the points where the systems differ from, and how these differences
came about.

Chapter 3 explains the performance standards of an industrialized house after the certification and the extension of
specifications based on these standards.

In Chapter 4, we introduce examples of recent collaborative research by the industry and the challenges being tackled by R&D
today

In Chapter 5, we provide a simple introduction to the certification of housing components, which co-exist with industrialized
housing like the wheels in a car. We also describe how specifications of major components develop.
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Systematic Technological Review of General-Purpose Small to Mid-sized Gas Turbines
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M Abstract

This study examines small-capacity gas turbines for land and marine applications manufactured in Japan. Demand for the gas turbines as
a power generation tool for disaster mitigation purposes grew rapidly in latter half of the 1970s. Afterwards, the market for gas turbines for
emergency power generation and for co-generation systems continued to grow.

If we look at the current state of the domestic manufacture of gas turbines for land and marine use, we find that, by capacity base, 85 percent
of overall demand is made up of large-scale turbines for continuous power generation. On the other hand, by number of units manufactured, 70
percent of overall demand is for small and mid-sized turbines for emergency power generation. In other words, the manufacturing numbers for
domestic land and marine gas turbines show a major bipolarization based on the purpose of use.

Our study of “Industrial Large-scale Gas Turbines,” published last year, examined one pole in the manufacture of gas turbines. This year, our study
of “General-Purpose Small-Scale Gas Turbines” focuses on the other pole of the manufacture of gas turbines.

Gas turbines developed significantly for aircraft use after the Second World War, and as a result, their use expanded to land and marine
applications. Immediately after the war, Japan was forbidden by the terms of its surrender from producing airplanes. As a result, there was complete
inactivity for seven years in the field of aircraft engines, and Japan decisively fell behind advanced nations in the areas requiring sophistication, such
as development and design. Turbines for land and marine applications were also sluggish after the war, but the market for large-scale turbines grew
gradually in the 1970s as the growth of the Japanese economy spurred new demand for industrial gas turbine power generation facilities. As for
small-scale land and marine gas turbines, R&D of gas turbines for automobiles had been vigorously pursued by auto manufacturers since the latter
half of the 1960s due to the influence of worldwide trends. As well as, pioneering the use of small land and marine gas turbines had been actively
pursued by Japan through the import and conversion of aircraft gas turbines.

In the midst of these developments, major revisions to the Fire Service Act in 1974 strengthened requirements for disaster mitigation power
generation facilities in buildings and large shops. As a result, evaluation of small gas turbines as the drive source for emergency electrical generators
grew rapidly and their demand increased as well. Previously, this market had been dominated by diesel engines. However, because gas turbines
were overwhelmingly more compact and quieter, and furthermore, did not require cooling equipment and were easier to mount and maintain, they
drew praises as a new type of prime-mover for emergency use and rapidly penetrated the market.

Initially, the small-capacity gas turbines introduced in the emergency power generation market were not 100 percent domestically manufactured
products, and many were imported engines. However, as the market grew, imported products hit limitations in terms of selection and price, and in
response, development of domestically produced small and mid-sized gas turbines were energized around the country.

The domestication of manufacturing drew participation from not only gas turbine manufacturers but also manufacturers of diesel engines, which
had previously dominated this market. Diesel manufacturers had deep familiarity with force induction, and this area shared in the construction of
gas turbines allowed them to easily participate in efforts to build small and mid-sized emergency gas turbines. The efforts of many manufacturers
advanced the domestication of manufacturing, and as result, the number of units of small and mid-sized land and marine gas turbines produced in
Japan grew in a single leap from the latter half of the 1970s.

Furthermore, in the latter half of the 1980s, attention was drawn to small-scale gas turbine co-generation systems in response to growing energy
and environmental concerns. Demand grew for small and mid-sized gas turbines that were even more efficient, less harmful to the environment, and
had greater reliability, drawing efforts from competing companies in the development of more advanced features. Besides advancements in the gas
turbines themselves, new features were also introduced to co-generation systems, such as variable heat-to-power ratio configuration, contributing
greatly to improvements in the thermal efficiency and environmental friendliness of small-scale gas turbine co-generation systems.

The small and mid-sized gas turbines used as emergency solutions discussed in this study were initially centered on small units that produced
power in the several hundred kW range. In recent years, however, a gradually growing trend can be seen in increased capacity for both emergency
and continuous power use. As a consequence, small-scale models have been steadily losing competitiveness in the market-place. A component
of the trend may be that originally, gas turbines were considered to be “power drives suitable for high outputs”. Also, as they are used only for
emergencies, they can be made larger relatively easier, and as a result, manufacturers neglected to strengthen the competitiveness of smaller-scale
models. The current situation calls for a review of the origin and competitiveness of small gas turbines.
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A Systematic Survey of Technical Development of Vehicle Bodies
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M Abstract

Japan began manufacture of vehicle bodies about the same time automobiles were introduced in the country. A variety
of bodies has been manufactured that combines the demands of each era and the technologies available. For passenger
cars and small vans, wagons and commercial vehicles, their bodies are produced by auto manufacturer themselves or
by affiliated manufacturers. On the other hand, for vehicles such as medium duty and heavy duty motor trucks and vans,
refrigerated vehicles, dump trucks, tank lorries, truck mixers, medical checkup vehicles, and ambulance cars, their bodies are
manufactured by specialized body builders.

The number of cars in Japan has been increasing steadily since their introduction at the end of the Meiji era. As Japan entered
the Showa era, a constant growth in the number of automobiles could be seen, and manufacture of motor trucks, including
buses and three-wheeled vehicles, and specialized vehicles such as dump trucks and firefighting vehicles began. However, the
use of cars was limited compared to America and Europe prior to 1945 (Showa 20), just before the end of the Second World
War. The period of post-war reconstruction until 1950 ushered in the age of motorization. Japan’s demand for automobiles grew
significantly, and the manufacture of vehicle bodies grew dramatically in both types and quantity produced. The construction,
configuration, materials, and quantities of vehicle bodies produced by vehicle body manufacturers have changed in response to
the demands of customers and the state of use and as a result of industrial and social changes in each era.

Vehicle body manufacturers are responsible for cargo beds, special equipment, and compartments used by motor trucks,
buses, and passenger cars for purposes such as specialized delivery of items including refrigerated goods, dirt and sand,
and liquid ; for loading and unloading goods ; for firefighting ; and for medical rescue. There are many types of vehicle
bodies in response to the diversity of loaded items and the wide range of purposes. On the other hand, the number of vehicle
produced is limited to a small quantity. Because the number of vehicles such as vans, refrigerated vehicles, and dump trucks
manufactured each year are limited to the hundred thousand units range, there is an almost one-to-one correspondence
between the specification and manufacture of the vehicle bodies and the vehicles, including for these models.

Circulation of vehicle bodies also differs from that of passenger cars. Their system of registration differs depending on the
vehicle type and condition, and numerous individual inspections and documentation are necessary.

The manufacture of vehicle bodies, which grew alongside the proliferation of automobiles, can be divided chronologically
into the early period, the period of growth in types, the period of growth in capacity, and the modern period. Manufacturers
carried out efforts to meet the demands of each period. The early period was limited by quantity manufactured, but
pioneering builders created vehicle bodies that are still used today. The periods of growth in types and capacity saw progress in
development and improvements that included those of new manufacturers. Manufacturers have worked on increased reliability
and durability up to the present date.

As automobiles proliferated, their negative aspects were seen in automobile accidents. Strengthening and revising
regulations also applied to vehicle bodies as the need arose, and currently measures for the appropriate disposal of used
vehicle bodies are also considered necessary.

During the period of 1945 — 55 (Showa 20 — 30), the production of vehicle bodies grew rapidly, including those of vans.
Demand of construction during the post-war recovery led to a rapid rise in the number of special-purpose trucks/specially
equipped vehicles manufactured, as represented by dump trucks, mixers, and truck cranes. However, production is currently
decreasing. While it is a matter of course that the proliferation of automobiles has led to the development of automotive
vehicle bodies, vehicle bodies for detachable container systems, firefighting vehicles, and aerial work platforms show that
the development of vehicle bodies also has an independent existence to provide needed functions. There are numerous future
challenges that require contribution by vehicle bodies, such as improvements in the rationalization of goods distribution and
the shift from a society of construction to a society of maintenance. The sustenance and growth of the vehicle body industry
hold promise to meet these demands of the future.
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