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A Systematic Survey of Technological Development of Wagons
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B Abstract

Railway freight transportation service in Japan was inaugurated in September 1873. It was just one year after
the opening of passenger service on the 28.8 km route between Shimbashi station in Tokyo and Yokohama
station. Four sets of steam locomotives and 75 freight wagons were imported from the United Kingdom. The
loading capacity of the two—axle wagons was 5 to 6 tons and the running speed was only 40~ 50 km/h. Around
1914, loading capacity was increased to 10715 tons.

An automatic air brake system for wagons instead of a vacuum brake system was introduced from 1919 to 1933.
On 14 July 1925, the coupling devices of more than 60,000 wagons were changed from screw—buffer type to
automatic coupler within just one day. After the Second World War, the running speed of two—axle wagons was
increased from 65 km/h to 75 km/h by the adoption of a double-link suspension device in 1952. In the beginning
of the 1960s, Japan’s economy had annual growth rates of more than 10% and transport demand also grew very
rapidly. Many purpose—built wagons were introduced and the loading capacity of bogie wagons was increased to
30735 tons and the operation speed of freight trains were raised to 85795 km/h. As for container transport,
which has become a mainstream type of rail freight service, loading capacity of the wagons increased to 40”48
tons and operation speed rose to 110 km/h.

When the running speed of a freight train exceeds 65 km/h, it may be at risk for derailment because of the
increase of rolling and hunting (a twisting side to side movement) . To increase loading capacity, it is essential
to reduce the tare weight of the car body, but there were many restricting design factors such as car body
dimension, gross weight, and height of the center of gravity, which needed to be taken into consideration in
design the wagons. Increased knowledge about empirical and safety engineering led to large car bodies and faster
speeds of the wagons. The new technology enabled not only the development of light—weight car bodies but also
of running gear, bogies, brake systems and coupling devices.

The key problem that spurred on technical development of wagons in the 136 years since the start of the
railway industry in Japan have been demands for increased pay loads, higher running speeds, and the development
of optimum car body design. Fulfilling these demands has meant coping with limiting conditions like loading gauge,
axle load, gross weight, and center of gravity, all while keeping wagons running safety.

This report describes the history of the technological development of wagons and freight transportation that led
to the industrialization of Japan in the context of Japan’s history since the Meiji era.

[t is said that railway transportation was a declining industry in the 1970s and that freight service caused the
Japanese National Railways to operate at a deficit. However, recent years have seen a strong trend toward
revaluating the use of railways with the aim of decreasing carbon dioxide emission. Train transport is considered a
global environmental solution because the change from truck service to railway service is one of very important
way to reduce carbon dioxides (CO2) emissions. Freight service and wagons are recognized and evaluated highly
as a possible environmental solution. For instance, to transportation one ton of cargo for one km, the CO2
emission is 153 grams by truck or 38 grams by coastal ship; however, it is only 21 grams by railway. Railway
transportation has a very low volume CO2 emission. It creates only 1/7 the emissions of truck transport, which is
why the railway is evaluated as the best mode of transportation for protecting the environment.

There are various books, literature and magazines spotlighting Shinkansen high speed trains, the “Blue Train”
sleeping car express, and commuter trains. However, freight wagons get very little such attention. Most of freight
trains and wagons operate in the middle of the night or early in the morning so as not to disturb for passenger
trains. However, they are indispensable for our daily life and industries in Japan.

This survey research focuses on the following main points about wagons:

@ The history of freight transportation and technological development of wagon construction in Japan

@ The increase of both the loading capacity and operating speed of wagons during periods of fast growth of the
economy and of heavy industry in Japan
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@ The development and progress of key elements of freight wagons, such as running gear, bogies, brake

equipment, and coupling devices

@ The development of privately owned wagons, such as large oil tank wagons, LNG tank wagons for transport

of LNG at minus 162°C, and huge 48—wheelded, 240 ton payload wagon with severe price and technical

competition between rolling stock manufactures. At the same time, the development of LP gas tank wagons

which were made with collaboration among all rolling stock manufacturers

@ The success of recent exports of high—speed trains to Taiwan, China, and the United Kingdom achieved

based on wagon export experience and technical collaboration on domestic production of wagons in foreign

countries from the late 1950s to the 1980s.

The appendix presents diagrams showing the history of technological developments of the major wagons types

along with speed, loading capacity and key components.
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Historical Development of Industrial Large Gas Turbine
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m Abstract

In 1791, fifteen years after James Watt introduced his first commercial steam engine, John Barber introduced a
gas turbine that included the essential characteristics of a modern gas turbine. However, it was difficult to realize
with the state of the art technologies at that time, and it took nearly a century to generate an available power
output. In the beginning of the 20th century, as a result of rapid improvement in high—speed aeronautic fluid
dynamics, gas turbine technology had reached a level that enabled the world’s first gas turbine power plant to be
built and to generate electricity in 1939.

Japan’s gas turbine research was focused on developing a jet engine for aviation applications. In August 1945,
Japan’s first flight using a domestic jet engine succeeded. However, when World War Il ended, jet engine
research was terminated. Although jet engine research was discontinued, gas turbine research for land and sea
applications continued. In 1949, Japan successfully test operated a 2,000—HP industrial gas turbine.

In the first half of 1950, many domestic manufacturers started to develop prototype gas turbines and various gas
turbines were created. This work mainly focused on improving the gas turbine heat cycle to compensate for the
lack of efficiency of compressors and turbines. In 1959, a wholly domestic gas turbine was accepted for use only
in private power plants. From the late 1950s to the beginning of 1960, domestic gas turbine suppliers partnered
with the U.S. and European countries to manufacture simple cycle industrial gas turbines for the market.

In the beginning of the 1960s, the Japanese economy made an extraordinary improvement. Electrical appliances
became readily available in most standard homes, and, in 1965, the spread of air conditioners made electricity
demand peak in the summer. Since the gas turbine power plant had a short construction period and was easy to
start and shut down, many large, advanced gas turbine power plants were built as peak—savers. It was a transition
period from first generation gas turbines that used a non—cooling turbine blade to second generation gas turbines
that used as forced air cooling turbine blade. The high performance and high efficiency gas turbines now operating
in the market are improved and refined versions of the second generation gas turbines.

In 1980, the combined cycle era began. A combined cycle power plant is a power plant system that produces
electricity from gas turbines and uses its waste gas to generate steam to produce electricity from a steam turbine.
Its efficiency exceeded that of the conventional power plants that were most popular at that time and the number
of combined cycle power plants increased tremendously. Eventually large gas turbines begin to replace
conventional steam turbine power plants and their efficiency increased in line with the market needs.

In 1978, the "Moonlight Project” started and the Engineering Research Association for Advanced Gas Turbines
was formed by 6 national research institutes along with 14 companies striving to develop a 100-MW gas turbine
that could achieve more than 55%LHV combined cycle efficiency. The combination of the advanced technologies
of each gas turbine manufacturer throughout the 10-year project laid the foundation of Japan’s unique third
generation gas turbines.

In 1990, a fourth generation gas turbine improved performance rapidly with a firing temperature increased from
1,300 to 1,500°C. The improvements were made possible by an increase of material strength due to the
development of super alloys and the adoption of crystal formation control, advanced turbine blade cooling
technology, and continuing improvements of dry low—NOx combustor, which was the world’s first proven premix
fuel gas firing technology. In 2007, the world’s highest efficiency combined cycle power plant of 59%LHV was

achieved by a domestic 1,500°C—class gas turbine.
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m Abstract

Usually ceramics are including two categories of traditional and fine ceramics. Traditional ceramics such as
cement, porcelain, glass and refractory are prepared using natural resources. On the other hand, fine ceramics
are obtained by highly refined raw material, rigorously controlled composition and strictly regulated forming and
sintering.

Electronic ceramics are typical fine ceramics and defined as ceramics which display magnetic, insulating,
dielectric, piezoelectric and semi—conducting properties which are useful in the production of electronic devices.

Among electronic ceramics, ferrites are chosen because they are invented in 1932 by two Japanese scientists
and have fundamental and epoch making technologies in electronic device applications. This article provides a
comprehensive survey of the historical development of the science and technology of ferrite materials as well as
applications of the ferrites.

In 75 years since ferrites were developed, Japan could lead the world in production and technology. Especially,
the public attention was thoroughly aroused as to the scientific and technological importance of ferrites after the
1950s to 1980s, because the new applications such as radio, television, carrier telephony, computer circuitry and
microwave devices were rapidly expanding.

Recently, the production of ferrites in China, Korea and India are increasing year by year, so it may be difficult
for Japanese companies to maintain their advantages in the ferrite industry. In order to keep them, further

continuing and persistent efforts covering government, industry and academy are strongly required.
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Historical Development of Titanium Production Technologies
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® Abstract
While titanium oxide was discovered in the early nineteenth century, vacuum technology, refining techniques
using argon gas and manufacturing techniques using the high pressure chamber were needed to produce titanium

metal as an industrial metal after the Second World War.
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Titanium ore is distributed vastly worldwide. In Japan, Tohoku and San—in area arefamous for Tamahagane,
which is the raw material for producing traditional Japanese swords, but its TiO2 content is less than 30 to 40
percent. The Japanese titanium industry imports ore with a higher TiO2 content of more than 50 to 90 percent
which exists in Australia, India, USA, China, Russia and other countries.

Dr. William J. Kroll developed the process for refining pure titanium in Belgium during the Second World War
and escaped to the U.S.A before Hitler invaded Belgium. It was about ten years before the industrial production
of titanium started. After the Second World War, the U.S. government recognized the importance of titanium as
an aircraft material because U.S. jet fighters were inferior to Soviet ones in aerial combat during the Korean War.
U.S. industry started sponge titanium production in 1949. Japanese industry had already started research on
titanium in 1947.foreseeing the bright future of titanium.

There are two categories of titanium production: sponge titanium production for raw materials and titanium mill
production for industrial materials. Osaka Titanium was established in 1951 for producing sponge titanium and
Toho Titanium followed in 1953. In that year, the Japanese government invited Dr. Kroll to lecture on sponge
titanium production. The two companies started to export sponge titanium to the U.S.A. in 1954. Mr. Henry
Gilbert of the U.S.Bureau of Mines was also invited to teach about consumable electrode ark melting technology
to Kobe Steel and Sumitomo Metals, and they started to melt sponge titanium into ingots in 1954.

Ingot making, forging and rolling of titanium started in 1955 in Japan. Titanium mill demand in the 1960’s was so
small that major steel companies such as Sumitomo Metals and Kobe Steel produced titanium mill products at a
small scale and then were able to use their highest performance steel mills when the big demand for titanium mill
products occurred in 1980’s. Japanese titanium mill products, especially commercially pure titanium, have the
high performance properties such as good gauge in thickness, the widest and longest,sheets and plates in the
world and well controlled grain size and crystal texture for easy deforming or shaping. Nippon Steel joined in this
field in 1984.

Japanese titanium sponge is also of high quality because of its controlled elemental content and very low
impurities. This titanium sponge is the standard raw material for jet engine companies and aircraft companies
around the world. Good quality titanium mill products in Japan are also based on this Japanese sponge titanium.

Now, the Japanese titanium industry supplies thirty percent of the sponge and twenty—five percent of the
titanium mill products in the world.

In this report, [ first introduce the discovery of the element titanium and the work done to refine titanium metal
in the U.S.A. before the Second World War. Next, [ introduce the development of the Japanese titanium industry
for sponge titanium and titanium mill products. Last, | summarize the content and discuss future trends and the

ways in which titanium might be used.
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® Abstract

It’s been about 150 years since Takato Oshima constructed the Japanese first blast furnace in what is now
Kamaishi City. The world’s first coke furnace, however, was constructed at the beginning of the 18th century,
and the first charcoal furnaces go back to ancient times before the current era. Although it’s difficult to compare
the origins of furnaces between countries, it can be said nevertheless that Japan's modern steel industry began
relatively late. Furthermore, World War 1II left Japan and its steel industry in a state of destruction, and the
reemergence of the steel industry began with the use of scrap steels that generated during the war.

For nearly a half century, this resurgent Japan has been producing more than 10 percent of the world’s supply
of crude steel. During this time, moreover, Japan has been disseminating a variety of new operating technologies
and facilities technologies to the world, and it would be no exaggeration to say that Japan has been a world leader
in this area since the middle of the 1970s. Looking back at the trends of this last half century, I would like to
consider how Japan got its current position from the viewpoint of a facilities engineer in the steel industry.

In Chapter 2, I provide an overview of Japan’s steel industry. Its development after the war can be divided into
four main periods: (a) “catch—up” period, (b) high—growth period, (c) shift-from—quantity—to—quality period, and
(d) international—parity period. Period (b) ran from 1955 to 1975, and during this time, crude—steel production in
Japan achieved an annual rate of 120 million tons or more than 15% of world production. In this period, however,
most production facilities and production technologies were of European or American origin, and those
technologies came to be assimilated into those of Japan. Period (c), which covers the years from 1975 to 1995, is
the most important period of all as great progress was made not only in operational aspects but also in steel
facilities and technologies. One of the technologies that developed significantly during this time was information
technology (IT), which helped to advance instrumentation and control technologies, and by extension, Japanese
steel-production technologies overall. These ”Japanese technologies” made contributions to the steel industry
overseas. Finally, in period (d), which covers 1990 to the present, Japan found itself competing in production cost
with new participants in the steel industry such as Korea, Taiwan, and China. The dramatic disparity in labor
costs, corporate costs, and other expenses forced Japan into a hard fight giving rise to restructuring and major
mergers in the steel industry. However, on entering the 21st century, new demand for steel in China gave rise to
a second period of growth in the world steel industry, and production volume in Japan also has either held steady
or expanded.

In Chapter 3, I describe the progress made in Japan after the war with regard to major steel-production
processes. During this time, there were only two significant changes in the steel-production process: shift from
open—hearth furnaces to converters and shift from ingot casting to continuous casting. Most of the advances
involved the move toward larger facilities and continuous operation as well as “process visualization” centered
about instrumentation and control technologies.

In Chapter 4, I describe the advances made in the same period in facilities technologies centered about control
systems in steel production. First, in relation to instrumentation and control technologies, I describe the
introduction of heat management concepts from Europe and the United States. At this time, the steel industry
also received guidance and assistance from the government and academic institutions, and the adoption of
instrumentation and control systems for heat management helped to expand the instrumentation of
steel-production facilities. In the area of measurement, steel manufacturers often took it upon themselves to
develop sensors, and they came to adopt non—contact measurement systems and “in—situ sensors” as well as
quality sensors. In the area of control, the conversion to digital control equipment by system vendors in the
1970s made the greatest contribution, and the coming of distributed control systems (DCS) and programmable
logic controllers (PLC) simplified the implementation of complex control tasks. Also, in the area of computer

technologies, introduction of process computers using minicomputers, the spread of autonomous distributed
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technologies, and the trend toward open systems centered about the microprocessor all made big contributions to
steel-production facilities. Advances were also made in the field of electrical technologies, with the most
significant one being the conversion of rolling—machine electric motors to AC current. Electromagnetic power,
induction heating, and other technologies also came to be applied in various ways. Finally, in the area of control
logic, advances were made in the use of heuristics including Al techniques and in the introduction of new control
theories. The Instrumentation Division and other committees of the Iron and Steel Institute of Japan have
provided a competitive and cooperative forum in support of these various technologies.

In Chapter 5, I describe the history and give an evaluation of seven key themes that I have selected as major
catalysts in the advance of steel-production processes. These themes, which are all related to the visualization of
processes, are (1) visualization of blast—furnace processes, (2) microwave measurement systems, (3) online
measurement of molten—steel temperature and components and control of converter end point, (4) measurement
and control of continuous—casting molten—steel level, (5) advances in thickness control in the rolling process, (6)
shape control in the rolling process, and (7) product quality sensors. Each of these themes acted as a catalyst to
process visualization and became a key to major advances, and most of them resulted from comprehensive and
total technologies that included mechanical technologies.

In Chapter 6, I give an overall summary, discussing the systematization of these technologies and future issues.
In steel-production processes, I point out that (1) construction of coastal-based integrated steel mills, (2)
application of heat management concepts to open—hearth furnaces, (3) conversion of open—hearth furnaces to
converters and enhancement of those converters, (4) adoption of continuous casting and its enhancement, (5)
visualization and stabilization of blast furnaces, and (6) development of high—function and continuous rolling
facilities have all had a major impact on the steel industry. And in control systems and facilities technologies, I
point out that (1) the introduction and incorporation of heat management concepts, (2) guidance from the
government and academia and the establishment of steel-industry associations and joint research organizations,
(3) digitization of control systems in the 1970s and introduction of DCS/PLC, (4) early implementation of process
computers and their skillful application, and (5) use of personal computers and the open—systems movement have

also had a major impact.
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