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B Abstract
Material evaluation due to the hardness test has progressed as an indispensable basic technique to do steady

manufacture, considered the performance, cost and reliability of a raw material or a component of equipment,
because the hardness of material correlates with its various mechanical properties. And so, it has been
recognized as an important industrial technology (means of the quality control in manufacturing process, the
transaction or the acceptance inspection) to support behind the material strength reliability of an industrial
product manufactured in our country. In this research on the material hardness testing technologies, the results
were settled from the four view points, i.e. @ study of the hardness and invention of the testing method, @
development and transition on the testing methods, testers and standard blocks, @3 supporting technologies and
@ JIS and international standardizations.

On the hardness test, static or dynamic deformation is caused in the measured material by adding a load
through an indenter or a hammer, and a hardness value is ranked by its resistant degree against permanent flow.
A great many kinds of hardness testers have been invented up to the present and their calculated hardness values
differ from each other, resulting from the difference of their definitions. In this investigation, the object of
hardness testers were limited to four kinds of testers standardized by JIS, i.e. Brinell, Shore, Rockwell and
Vickers testers, and their prolonged testers to meet still more industrial needs, i.e. high temperature hardness
tester, portable hardness tester, nano indentation hardness tester and “Basic Hardness Tester” evaluating the
numerical hardness value of a standard block. As related technologies, the development and transition of
diamond indenters and standard blocks, being made by tool makers, were also investigated.

Through a longtime activities at the relevant association or workshop, hardness participators, formed by
industrial-academic—governmental cooperation, have cultivated traditionally a strong thought to “faithful
manufacturing”as well as the sincere approach to hardness research and tester development with particular
seriousness originated Japanese. Taking opportunity of industrial recovery after the Second World War, these
became moving force to go forward independent development for hardness tester makers in our country, gotten
rid of the copy from a past overseas original tester, and so, the Japanese hardness tester has become to lead the
world today. Such fruits are seen in the transition of micro hardness (micro Vickers) tester and ultra micro
hardness (nano indentation) tester. Nowadays, a hardness tester has replaced completely to an electric
equipment, adapted an electric driving force as loading mechanics, various sensors as measuring mechanics and
electronic devices as data processing, though the mechanics of each original hardness tester was all machinery.
And the testing load of 1mgf order at a minimum has come into existence in nano indentation tester, differing with
3000kgf at a maximum in Brinell tester. For the background to enable these matters in our country, there were
some excellent basic technologies in circumstance as follows, as well as the effort of parties concerned. @
development of the tester due to cooperation industrial-academic or industrial-governmental and creative ideas,
studied hard by competing with each other among tester makers, and the security of these interests due to the
intellectual property right, @ high qualitative material supplied by manufacturer possessing its distinguished
producing technology, and excellent techniques of machining and heat treatment held by small factory, @
technologies of sensor and image processing, leading the world, @ advanced needs from user (the fields of
development or operation in manufacture) . As typified activities for the hardness standardization at an early
stage of industrial recovery after the war, the workshop and the training course, practiced by association
periodically under industrial-academic—governmental cooperation, have contributed greatly to spread the quality
control due to hardness test in the industrial world.

In consideration for these investigation results, the author suggests several items as follows for further
development on a hardness tester in future. (D) steady succession of the hardness testing technique from a skillful
engineer to a young engineer, @ improvement of measurement accuracy and automatic operation system of the
hardness tester, @) spread of applied field on the hardness test, @ newly proposal of an international standard
draft and its promotion to standardization, & essential elucidation of the hardness mechanism, i.e. establishment

of an universal definition on the hardness.
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m Abstract
Although the basic idea of the escalator appeared in the 1850s in the USA, it wasn't until the 1900 Paris

Exposition that a prototype for a commercial model was first exhibited. After the initial development in the
West, an escalator imported from the USA was the first to appear in Japan, in 1914.
Domestic production started after that, but it was interrupted during the war so the real expansion in the
technology occurred from the post-war recovery period when the demand for escalators started to grow.
The full illumination and transparency of the balustrade designs, which completely revised the
appearance of escalators, are technologies that were made practical by Japanese manufacturers as world
pioneers, in answer to customer needs against the background of the economic expansion of the post-war
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recovery period. This became one direction of development of escalator technology in the world.

During the subsequent high—growth period, a rapid expansion was seen centered on commercial establishments
and the stations of public transportation, but the social climate and social needs led to a turning point at the oil
crisis of 1973.

First of all, energy conservation emerged as a huge social concern from that period. In addition, at the start of
the 1980s, social trends that symbolized wide ranges of personal pursuits and values began to become obvious as
a reaction to functionalistic principles. From the late 1980s onward, various legislations were enacted to promote
a “barrier—free” society with the aim of implementing a welfare society. This was a period during which
computerization such as microcomputer control and inverter control began to be actively applied. The
manufacturers responded to these changes in the times and progress in technology by becoming involved in the
development of new functions and new models, such as low—energy escalators, spiral escalators, wheelchair-use
escalators, super high—rise escalators, and space—saving escalators.

At the same time, ensuring and improving safety concerns posed by the characteristic structure of escalators,
where there are no doors and the moving parts are exposed, became something of a vital challenge. The
manufacturers continued developing products with the aim of improving the level of safety, and a number of safety
improvements specific to Japanese manufacturers have been put into practice.

After the post—war recovery period and high—growth period, Japan’s escalator market achieved the No. 1
position in the world toward the end of the 20th Century. Thus Japan’s large market provided great support
against a background capable of responding flexibly to various social needs and customer needs within Japan. As a
result, they reached a level at which they lead the world from the technological viewpoint and brought out a
number of products that were the first in the world.

If we look at the main factors that fueled the technological expansion of Japanese escalators, we can see four
points: First is the existence of a large domestic market, then there is active response to social needs against
that background, unceasing technology developments towards safety improvements, and finally there is the
cutthroat competition between manufacturers.

However, as we entered this century, symptoms of change were seen in those factors. In addition to a downward
trend in domestic demand, there has been a prominent fall in the position of Japanese manufacturers in the world
marketplace, due to a surge of Western manufacturers toward the Chinese market which is expanding rapidly.
Looking at the medium to long term, it may be necessary to aim at even further expansion and tackle technology

developments from a perspective that concentrates on the world market even more than before.
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m Abstract

Current state of enzyme technology, including techniques for the production and application of enzyme, was
systematically surveyed.

Enzymes are living catalysts, namely biocatalyst possessed by all living organisms, from one—celled organisms to
multi—cellular animals and plants. Almost all the activities of life within living bodies are maintained by chemical
reactions. Enzymes catalyze these reactions precisely and smoothly. There are several characteristics of enzymes
necessary for understanding enzyme technology : (a) they catalyze chemical reactions under mild conditions,
namely at room temperature, neutral pH, and mild pressure, (b) they can be isolated from living bodies and be
tested in test tubes, (c) they have substrate specificities and select the substrates strictly, (d) they have
instability and lose activity in harsh conditions such as at high temperatures, (e) and so on.

Humans have used enzymes effectively since prehistoric times without any specific knowledge about enzymes. It
was in the late 19th century that understanding of the basic workings of enzymes was achieved.

In Japan, which is located in a monsoon—prone area of eastern Asia with high temperatures and high humidity,
molds as well as cereals such as rice and soybeans can grow well. As a result, various brewed products, such as
Japanese sake, soybean paste (miso) , and soy—sauce were able to be manufactured using these materials. Thus,
applications of enzyme technology and microbiology, namely, brewing techniques, have been developed especially
in our country.

These traditional Japanese techniques were combined with modern scientific and technical information about
microbiology and molecular biology, especially related to antibiotic production techniques, developed in Europe
and America. Various unique fermentation techniques have been established after World War II in Japan, such as
fermentative production of amino acids, nucleotides, enzymes, antibiotics, and so on. This led to Japan becoming
one of the current leaders of enzyme and fermentation technology in the world.

The Japanese enzyme industry consists of two types of companies: those that supply enzymes, and those that
produce various products made with enzyme technologies.

The start of the Japanese enzyme industry was the production of amylase for the removal of paste, which was
used for processing fibers. Thereafter, various enzymes such as those for sugar processing, hydrolysis of proteins,
and so on, have been developed by original Japanese techniques.

The value of the world’s enzyme supply in 2000 was estimated to be ¥4,200 billion, of which Japan occupied
one—tenth, or about ¥400 billion. From 1970-1990, the amount of enzyme imported Japan exceeded the amount
exported. However, the exports have exceeded imports since 1998. From this fact, we can see that Japanese
enzyme techniques are progressing faster than those of other countries.

As most enzymes
Originate from microbial sources, the flow of the production techniques of enzyme can be summarized by the
following three,

1) Screening of producing strains —improvement of producing strains —large scale cultivation — production of
enzymes in culture liquid

2) Isolation and purification of enzymes from culture liquid

3) Plant engineering for large scale cultivation and isolation as well as purification.

Mutations, recombinant DNA techniques, and protein engineering techniques have been applied to improve
enzyme producing strains. Improved strains are introduced into large scale cultivations. Techniques to isolate
enzymes from culture liquid include precipitation of enzymes by solvents, salting out, and by adjusting pH to
isoelectric points.

In order to purify enzymes, impurities of low molecular weight are removed by dialysis and membrane techniques
such as ultra filtration. And further, enzymes are purified by the application of various types of chromatography.

Enzyme granulation and immobilization techniques have improved enzymes use. Granulated enzymes were
devised for the prevention of allergic accidents, which were caused by the scattering of powder enzymes among
workers and consumers when powder enzymes were produced and used for detergent in 1960s. The immobilized
enzymes were developed when enzymes were expensive, and separation of enzymes from substrates and products

was necessary for repeated uses. Immobilized enzymes or enzyme—containing cells were mainly applied for the
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production of useful materials, such as amino acids and nucleotides.

Almost all of these enzymes and related materials are available in Japan.

This report outlines producer strains, culture conditions for production, enzymatic reaction formulas, uses, and
so on, of enzymes, which are sold on the market or are used in practical production, were described.

Environmentally friendly biotechnology and enzyme technology are expected to play a significant role in the
security and preservation of life and health, resources and energy, and the environment—all topics of global
concern today. To fulfill these expectations, discovery and development of novel enzymes will be essential.

Further co—operation with universities and companies would bring fruitful and useful results.
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A systematic survey of the teachnical development of hydraulic brake systems for road vehicles
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m Abstract
The first gasoline engine vehicle, the Benz "Motorwagen”, was introduced in 1886 and had an external

contracting brake in the power train unit. The Benz Vero, a four-wheel vehicle introduced in 1904 as a
successor to the Motorwagen, utilized exterior shoe brakes on its rear wheels. Exterior shoe brakes were typical
vehicle brakes used around 1900. However, as vehicles became faster and heavier, these primitive brakes could
not control them well.

Around 1900, the external contracting drum brake on rear wheels was gaining in popularity in the marketplace.
However, due to concerns about it, such as tendencies for faster lining wear, brake force imbalance, and
compatibility problems between the service brake and the parking brake, the brake was gradually replaced with
internal expanding drum brakes. The servo brake (duo—servo or uni—servo brake) , which utilized the self-servo
effect of the drum brake, was introduced to the U.S. market in the 1930s. The servo brake was widely adopted
and used until the late 1960s. At present, the servo brake is still being used as a parking brake for vehicles with
rear disc brakes.

Until the 1920s, brake force was transmitted from the brake pedal to the wheel brakes by a mechanical linkage,
i.e., a mechanical brake. The weaknesses of the mechanical brake included large mechanical loss, imbalance in
brake force distribution to the wheels and difficulty of installation on front wheels. In 1917, American Malcolm
Lockheed invented a four—-wheel hydraulic brake system to solve these problems. The hydraulic pressure was
transmitted equally to each of the wheel brakes, which were connected with a flexible brake hose through a brake
tube. Consequently, imbalance in brake effectiveness did not occur, and the swivel effect of the front wheels and
bump impact to the wheels were avoided. The first mass—produced hydraulic brake systems were then
introduced by Duesenberg A in 1921 and by Chrysler six in 1924. In Japan, the hydraulic brake system was
planned for standard type vehicles in 1932 and put into production in 1935. This Lockheed system was copied
and implemented by the newly established companies Toyota and Nissan.

Following World War 1I, the vehicle industry was revived through the Special Procurement boom provided by
the Korean War. In the 1950s, Toyota, Nissan, Hino and Isuzu launched true mass production of passenger cars
based on their own development and on technical licenses from European and/or American companies. Brake
manufacturers in Japan also contracted with European and/or American manufacturers for technical licenses in
order to localize state—of-the—art production of aluminum brake cylinders, duo—servo brakes and direct—acting
vacuum boosters.

The opposed disc brake, debuted at the Le Mans auto race in 1953, gained in popularity and was adopted

mainly by sports—type vehicles in Europe. In the 1960s, besides the opposed type, the frame—type and fist—type
floating disc brakes were developed and soon after, brake manufacturers in Japan implemented these
technologies on Japanese OEM passenger vehicles. The duo—servo brake was used widely in the 1960s, but it
was rapidly replaced by the disc brake, which had more stabilized braking performance under high—speed
conditions. In general, the disc brake has better braking stability but is not significantly more effective than the
drum brake. To use the disc brake, installation of the booster became popular to obtain greater output force. By
2000, disc brakes had been adopted on 100% of front brakes and at present, disc brakes are used for 75% of all
rear brakes.

Around 1965, Ralph Nader’s vehicle safety initiatives aroused the grassroots civil rights movement in the U.S..
Consequently, many people were paying more attention to vehicle safety. As a result, technological
improvements to brake systems moved forward, resulting in the dual circuit brake system, brake failure
indicators, proportioning valves, etc.It is noted that the number of Japanese vehicles being exported to the U.S.
was rapidly increasing at this time, and international trade interference was raised by the expansion of vehicle
exports. At the same time, from a technical point of view, major problems occurred in North America such as
corrosion on disc brakes. The corrosion was caused by the application of rock salt, a snow—melting agent
scattered on roads around the Great Lakes to prevent icy conditions during the winter season. While this
problem occurred not only on Japanese vehicles but also on American and European vehicles, Japanese
manufacturers were the first to take action to seek a solution. However, the advanced solution that European
manufacturers found, the complete sealed slide design, became the most popular one and even now is being used
in Japan.

The antilock brake system (ABS) , which is not specifically mentioned in this report, was introduced in 1971
and almost all vehicles now sold have ABS. This popularity of ABS has greatly influenced total braking system
design as well as master cylinder structures. Furthermore, more advanced devices such as the electronic stability
control (ESC) system and electronic braking force distribution (EBD) system make it unnecessary to use

proportioning values.
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This report provides an historical review from the technical point of view, mainly of the hydraulic brake in Japan
combined with the evolution of global automotive technologies as well as influences by regulation and marketplace
requirements. Relevant aspects omitted from this report, including electronic brake systems such as ABS, brake
systems for large trucks and motorcycles, and friction materials that are a part of vital brake components, will be

reported on in the future.
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Historical Development of Brewing Equipment
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® Abstract
The history of the Japanese beer industry began with Spring Valley Brewery, Japan’s one of the first brewery.

The Spring Valley Brewery was established by American William Copeland in an enclave of foreign residents in
Yamate, Yokohama in 1870. As beer consumption in Japan increased, spreading from the foreign residents of
Yokohama to the general population, the Japanese themselves became increasingly involved in the production of
beer. By 1900, the number of Japanese breweries had reached over 100. Meanwhile, the refrigeration machine
invented by Carl Paul Gottfried von Linde in 1873 enabled the industrial-scale application of low—temperature
fermentation that produce the strongly—hopped, refreshing “Pilsner beer”.The popularity of this pilsner beer
spread rapidly, gaining fans throughout the world, including Germany. The taste was also a hit in Japan. This
popularity brought on a rapid shift in the market demand for pilsner beer. However, procuring the advanced
equipment and technologies that made pilsner beer possible required large amounts of capital, an investment that
only major beer companies could hope to make. In addition to establishing a beer tax law in 1901, the need for
capital to invest in equipment and technology accelerated the culling and restructuring of mid— and small-sized

beer companies, which in turn resulted in the formation of a closed market early on, where only a small group of
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major beer companies are dominant. This is a major characteristic of the beer industry in Japan.

Spring Valley Brewery initially used traditional brewing equipment passed down from medieval times in Europe.
However, the wave of industrialization that rolled through Europe from the 1760’s (England) changed the face of
brewing. The emergence of machinery such as the steam engine, the refrigerator, and pure yeast culture
apparatuses altered the traditional processes of beer production once and for all. The young Japanese beer
industry that had sprung to life not long after this revolutionary change was able to achieve rapid modernization
with relative ease by utilizing the latest and most advanced equipment and technologies being developed in
European countries, especially Germany, that were far ahead of it in the art of brewing. Each beer company in
Japan that rushed to expand production to keep up with the rapid increase in demand, however, came to depend
largely on the equipment manufacturers in Germany for the development and manufacture of their brewing

equipment.

Beer brewing equipment mainly consists of containers for mashing and fermentation as well as cooling and
filtering apparatuses. In reality, however, the equipment used in brewing is actually only versatile industrial
machinery and apparatuses used in a variety of industries, and there is, in fact relatively little equipment designed
specifically for the brewing of beer. In this sense, it can be said that the development of beer brewing equipment

is closely tied with the development of equipment and technologies common to a number of different industries.

In Japan, beer companies consistently attempted to respond to sharp increases in demand during periods of high
economic growth by increasingly pursuing mass production with an emphasis on increasing the size of the brewing
containers employed in mass production. This is the major characteristic that defined the development of beer
brewing equipment in Japan. The Asahi Tank, developed in 1965 as a large—sized tank for fermentation and
storage with a capacity of 500 ki, is an example of one among few cases of equipment development in Japan. The
Japanese beer industry put more efforts into product development for the expansion of markets (consumers)
which brought about the wide variety of products currently seen in the industry. The development technologies
that created products in new categories, such as bottled/canned draft beer or law—malt beer called Happoshu, in

accordance with consumer trends represent unique Japanese product development strategies.

To increase the general understanding of beer, this study examines The Development and Change of Beer
Industry in Japan (Chapter 2) and Outline of Beer Production Processes (Chapter 3) , which serve as

background of the main body, Development and Change of Beer Brewing Equipment (Chapter 4) .
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