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Historical Development of Four Stroke Diesel Engine
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m Abstract

Many means of obtaining power by burning fuel have been developed since James Watt invented the steam
engine in 1776. Steam engines were initially installed in plants (iron, textile, and so on) and then later on ships, in
locomotives, and in automobiles. The steam engine was a driving force of the industrial revolution.

The internal combustion engines appeared during the latter half of the 19th century. The invention of the Otto
cycle engine by Nicolaus Otto, a German, in 1860 led to the gas engine and gasoline engine. The invention of the
steam turbine by C. G. P. de Laval, a Swede, in 1882 and by Charles Parsons, a Briton, in 1885 gradually drove
out the steam engine. The kerosene engine, invented by Prestman, a Briton, in 1885 had been successfully
applied to agricultural machinery and the pump driving by the 1960s. The hot bulb engine, invented by Herbert
Stuart, a Briton, in 1886 had been installed on a large number of fishing vessels by the 1960s.
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Rudolf Diesel finally produced a successful prototype of a compression ignition engine in 1897 as the result of
much experimentation over the previous five years. His namesake engine had high thermal efficiency and could
burn various kinds of fuel, making it greatly different from the other engines of the time. The diesel engine was
initially applied mainly to power generators and for mechanical driving as a successor to the steam engine. Its
application gradually expanded to ships, locomotives, automobiles, and so on.

The first diesel engine was imported into Japan in about 1907, and production in Japan began in 1917.
Subsequently, the use of the diesel engine in Japan spread remarkably to ships, stationary use, railway cars,
automobiles, and so on. It eliminated the use of steam engines and steam turbines for ship propulsion and the use
of steam engines for locomotive propulsion. The production in Japan of kerosene engines (mainly for agricultural
machinery) and hot bulb engines (mainly for fishing vessels) finally stopped in the 1960s. In the Japanese
automobile industry, the diesel engine is now spreading from commercial to passenger vehicles.

Diesel engines emit high levels of nitrogen oxide (NOx) and particulate matter (PM), and the reduction of these
emissions has been an important research area for the past two decades. This emissions problem is closely related
to the engine’s high thermal efficiency and to the low quality of the fuel burned. While many researchers have
tackled this problem, it remains unsolved.

This paper describes the historical development of the four stroke diesel engine for three application areas:
ships, land stationary use and railway cars among its many applications. It is a follow—up to “Historical
development of two stroke marine diesel engine” published in 2007. It focuses on the period following World War
I, but developments before the war are described in as much detail as possible because of concern about the loss
of the records.

The appendix presents a diagram showing the development time course of the diesel engine, and the genealogy
of the engine builders in Japan is shown as a line drawing.
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Historical Development of X-Ray Computed Tomography for Medical Use
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® Abstract

The first X-ray computed tomography (CT) scanner was invented in 1968 by Godfrey Hounsfield of EMI, Ltd. in
the United Kingdom. Computed tomography transformed radiological diagnostics and brought about immeasurable
benefits to modern medical care.

In medical conventions, CT was the most revolutionary event since the discovery of X-rays, and no sooner had
CT appeared than severe competition began resulting in the development of diverse equipment based on a variety
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of ideas and to unbelievably rapid progress. Computed tomography images began as two—dimensional planar
images (slices) that have since evolved to three—dimensional images that launched the “volume CT” era. The
door to volume CT was opened by high—speed continuous rotating CT and its successor helical scan CT (also
known as spiral scan, screw—shaped scan, and JETT scan) born in Japan.

To facilitate understanding of this report, we will begin with an explanation of basic CT principles. This will be
followed by a history of CT growth divided into seven periods ranging from pre—CT attempts and the discovery of
basic principles to state—of-the—art technology including epoch-making equipment and the ups and downs of
corporate ventures. Here, from the viewpoint of industrial-technology history and systemization, we will focus on
high—speed continuous rotating CT and helical scan CT that originated in Japan placing importance on the
sequence of events leading up to that equipment, and we will touch upon the future vision generated by the
appearance of this equipment and advances made to fulfill that vision.

It is said that the history of CT has been technology—driven (seeds—driven), but, in actuality, there exists a
deep desire stemming from an unfulfilled dream rather than a need. In other words, there is a natural desire to be
able to look inside the human body without having to dissect it. This desire has been fulfilled first by X-rays and
then CT. Here, one desire gave rise to another desire, and the latter desire came to be fulfilled without bringing
an end to the dream. The history of CT following its initial appearance can be viewed as the path taken to
achieving that dream. Amidst the many and diverse ideas that appeared under severe competition, there were still
many things shared in common, and that is still true today. There are many cases in which necessary
technological innovations or seeds could not be adequately arranged leaving them to be forgotten and cases in
which seeds never matured enough to enter the practical domain and be accepted. But there are also many
examples of seeds that have eventually matured and progressed giving them a second chance in the limelight. The
slip ring making up the basic configuration of a high—speed continuous rotating CT is a prime example of this
process. Computer tomography has continued to progress by efforts made to uncover, cultivate, and foster
necessary seeds and by the birth of new seeds as well. Considering that it takes a long time to arrange necessary
seeds (as some seeds must sometimes be waited for), original desires (needs) are sometimes forgotten making it
appear that they have suddenly turned up in the present. At the idea level, needs are known from many years
before, but they can suddenly materialize at a certain point in time.

Given that CT is predominantly used for medical care, it cannot help but be closely related to disease structure,
administration of medical care, etc. After the appearance of CT, the usefulness of CT examinations came to be
rapidly recognized in society due to government—led mass procurement, and the use of CT examinations spread
rapidly due to their coverage by health insurance for low—income patients. Although a CT industry launched
through the import of equipment existed, this industry combined with the domestic development of equipment
oriented to Japanese needs helped to drive down costs and promote market growth. This situation differed from
that of Europe and the United States where the trend was to control the introduction of CT due to the high
number of health insurance points associated with it. As a result, Japan leads the world in terms of number of CT
units per capita, and among the seven CT manufacturers in the world, Japan is home to three of them. Japan
therefore plays an important role in the CT industry. Before the appearance of CT, the Axial Transverse
Tomography (ATT) method developed by Dr. Shinji Takahashi (also referred to as “analog CT” ) received high
praise from around the world, and it is sometimes called Takahashi Tomography out of respect for its creator.
Ultra—high—speed CT equipment also originated in Japan, and such Japanese—original devices and achievements
have been taken up in this report as much as possible.

In addition to being the world leader in number of CT units per capita, Japan is also called the world leader in
medical radiation exposure. Though radiation exposure by CT is certainly an issue, the benefits of CT are
nonetheless considerable. Key figures in the field advocate that unnecessary CT examinations be avoided and
that efforts be made to administer appropriate examinations with optimal doses of radiation. As long as the issue
of medical radiation exposure is recognized and steady efforts are made to improve CT in this regard, we can
expect CT to continue to evolve toward the realization of newly formed dreams.
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Historical Development of Porous Fine Ceramics
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m Abstract

Fine ceramics is an essential material for present strategic industry, including electronics, semiconductors,
information, telecommunication, environment, energy, automobile, medical, bioindustry and so on. Annual
production of Japanese fine ceramic industry exceeds 2000 billion yen and Japan leads the world both in
production and technology in this field. These fact enables the Japanese strong power in the frontier industry.

Since fine ceramics is broadened in extreme wide ranges in material, shape, application field and manufacturing
method, the target of this survey is focused on porous fine ceramics. Because porous fine ceramics is used widely
as a material corresponding to the global environmental problem which is the urgent issue.

Ceramics has a long history. Traditional ceramics representing by Seto and Arita wares have progressed and
expanded into modern fine ceramics. This research surveys the development history and industrial situation of
fine ceramics, comparing to the world.

In Japan, US and Europe, fine ceramics have undertook research and development only in 40 years and its
industrial history is less than 30 years. In the meantime, Japan have reached to the top in the world both in
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production and technology by inheriting the above traditional ceramic technology, continuing the national project
including industry, government and academy, and the high level competition between ceramic manufactures.
Concerning the technological progress and property of porous ceramics, the structure, manufacturing method and
application field are mainly surveyed. As typical applications of porous fine ceramics, a ceramic catalyst carrier
for purifying automotive exhaust gas (honeycomb structure), diesel particulate filter (DPF) and ceramic filter are
taken up, and their development and commercialization history are surveyed and summarized. Honeycomb
structured catalyst carrier was developed by advancing the traditional ceramic technology and newly developed
low expansion material and extrusion process as the core technology. Nowadays, approximately 50% of the world
are produced in Japan. DPF was firstly developed and commercialized in the world by utilizing the extrusion
process in honeycomb manufacture and developing the material required to DPF, and approximately 80% of the
world are produced in Japan, including overseas factory production. As an other ceramic filter, a diffusion plate or
tube has been used for sewage disposal since prewar periods, and recently more advanced filter is being
developed such as hydrogen filtration and so on.

In 40 years since fine ceramics was developed, Japan could lead the world both in production and technology.
The main factors are the inherit of the technology of traditional ceramics, the national project composing
government, industry and academy, the high level competition between many ceramic manufacturers, who are
positive in development, and the excellent quality control and production management. However, these Japanese
advantage are recently being threatened by the hollowing of domestic technology accompanying with shifting
production and developing branch overseas, foreign large projects such as nano—technology and so on. In order to
maintain the Japanese advantages, further continuing and persistent efforts covering government, industry and

academy are strongly required.
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Historical Development of Fertilizer Production Technologies
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m Abstract

The Haber process for synthesizing ammonia gave us a vital tool for tackling the serious agricultural issues
arising from the 20th century’s population explosion, when the world’s population sharply increased from 16 to 65
billion, enabling chemistry to answer the hopes of human society. Ammonia production utilizing nitrogen fixed
from the air, which exists there in unlimited quantities, needed sophisticated techniques such as catalysts,
high—temperature and high—pressure operation, and corrosion atmospheres, which were successfully overcome at
the industrialization. Therefore, the ammonia industry was called the origin of the chemical industry.

While the production of chemical fertilizer started in European countries, Japan caught up within a short period
of ten years. This success was brought about by many entrepreneurs and scientists/engineers who hoped for the
strong development of this country, in addition to the need for fertilizer in Japan. Thereafter, the domestic
ammonia and urea industry experienced prosperous times as the principal industry in chemical manufacturing until
it suffered a prolonged downturn. The domestic fertilizer industry, not only by responding to domestic demand
but also by acting as an exporting power, built up a position as a major contributor to the high growth rate of the
country from the 1960s. However, without cheap indigenous raw materials, the domestic fertilizer industry
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gradually lost out to worldwide competition, in spite of its best efforts to revive its competitiveness. The industry
proceeded with the conversion of feedstock to cheaper materials, concentrating on technology development to
find out a way out of this predicament.

In due course, urea technology that was competitive in the global arena was developed, and sophisticated
technologies were born at various manufacturers such as specialists in materials, equipment and rotary machines,
and instruments/instrumentation. Furthermore, such manufacturers were able to become technology—oriented
companies, which contributed to stronger capabilities worldwide. It is said that developed technologies recognized
as being globally competitive were born in such a very severe atmosphere. Though fertilizer production itself was
unfortunately over in Japan, various kinds of technologies that were developed along the way contributed to
Japan’s stance as a technology—oriented country and planted the seeds for it to become an exporter through its
engineering companies and manufacturers.

This survey, under the title of “fertilizer”, was carried out focusing especially on ammonia and urea technology
which is important, from not only the technical but also social viewpoint. The history of technology development,
from the beginning of industrialization up to the present, was investigated in relation to social movement, namely
against the background and progress of technology development and also the persons who contributed
substantially to it. The fact that many innovative technologies were developed in Japan was especially highlighted.
On the basis of understanding the principles and structures of ammonia and urea technology, investigation of not
only each step of the plant’s process, but also important elemental technologies and equipment that support the
process, was the major task to summarize and conclude this survey effort. Finally, possibilities for future
technologies development were observed, and the fact that technologies can contribute to various areas such as
hydrogen generation, highly efficient power generation, and substitute fuel production for future society was also
confirmed.
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