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Systematic Survey of Sewing Machine Technology
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M Abstract

In the 18th century, the Industrial Revolution began with the invention of spinning and weaving machines
to meet the demand for the mechanization of spinning and weaving. This was followed by a natural demand
for the mechanization of sewing, which kicked off the quest to invent the sewing machine. However, it was
not until the mid-19th century—about a century later—that the sewing machine was accepted by society.
The main reason behind the delay was the level of stitching technology—the key technology of the sewing
machine—with the advancement of sewing machine technology beginning only when the machine was
accepted by society.

Sewing machines were first introduced to Japan around the time of the Meiji Restoration, and domestic
sewing machine manufacturing did not begin until the early Showa period. However, up until the end of
World War Il, Japanese sewing machine technology was merely copied domestically, and there was almost
no contributions made to the evolution of sewing machine technology by Japan. It was not until after the war
that Japan’s sewing machine technology began to lead the world.

The fundamental factor that has led to the evolution of sewing machine technology in Japan, as well as
the evolution of technology in general, is the proximity of the production technology (textile industry) of
materials (textile products), the direct market (apparel industry, sewing industry) for the technology (sewing
machine industry), and the end-consumer market (general market for finished products, i.e., garments and
other sewn goods). Sewing machine technology has evolved in response to the ever-changing demands
of these related markets (industrial and consumer markets).

However, lock stitching and chain stitching, the key technology of the sewing machine that makes seams
for stitching, have been in use for more than 200 years since the mid-19th century, when sewing machines
were first introduced to society, and have not evolved technologically. Now that the textile, apparel, and
sewing industries, which are the fundamental factors for the evolution of sewing technology, have moved
overseas and are no longer around, it has now grown difficult to get requests for the technology and the
direction that Japanese sewing machine technology should take is the research and theorization of the
key technology of the sewing machine that makes seams for stitching. In other words, the time has come
for sewing machine technology to face head-on the evolution of this key technology, which has been the
fundamental and underlying demand of the market since sewing machines have been around.
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Research and Engineering Development on Sea Ice
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M Abstract

Ice can occur as frozen seawater, glaciers, ground ice, frozen river water or water vapor. This article
focuses on sea ice and traces the historical development of research and engineering technology thereof.
Sea ice research has been conducted in the Arctic Ocean, Antarctic Ocean, Sea of Okhotsk, Baltic Sea,
Caspian Sea, and Bohai Sea, whose waters freeze over in winter (and, in some cases, in summer, too).
The first interactions between humans and sea ice were voyages in which mankind explored the frozen
seas. Following many tragic expeditions to explore the Arctic, in the late 19th century, Nordenskiéld
accomplished the Northeast Passage of the Arctic Ocean through the Russia Siberian coast. Then, in
the early 20th century, Nansen and Amundsen successfully pioneered the Northwest Passage, through
the Canadian Arctic Archipelago. During this period, the Arctic Ocean was developed for the purpose of
“exploration.” After World War I, the Arctic became a focus of strategic concern in the Cold War, and sea
ice research was carried out by the United States and the Soviet Union for military purposes. Then, in the
1960s, the discovery of oil in the Arctic led to significant developments in engineering research on sea ice,
which aimed to develop the oil reserves.

When extracting oil or natural gas from ice-laden seas, extraction facilities are susceptible to the force of
moving ice fields. To design and build these structures, it is essential to accurately assess the ice dynamics
that operate on them. When exploration and development of Arctic oil resources began in the 1960s,
countries close to the Arctic Ocean in northern Europe and North America undertook more research on sea
ice and ice-resistant structures. Japanese research centered on Ukichiro Nakaya’'s work on snow, which
began in the 1930s, and observation of drift ice in the Sea of Okhotsk, from the 1960s; then in the 1970s,
engineering research into sea ice began to be conducted. In the 1980s, oil drilling rigs were constructed
at Japanese shipyards for Arctic use by the North American "Oil Majors.” As Japanese shipbuilding
technology and sea ice research gained recognition, the SSDC (1982, Hitachi Zosen), Kulluk (1983, Mitsui
Engineering & Shipbuilding), Molikpag (1984, Ishikawajima-Harima Heavy Industries), and SuperCIDS
(1984, Nippon Kokan) platforms were built. Subsequently, a project to investigate ice loads—the “Study on
Ice Load Acting on Marine Structures”—was conducted by the Japan Ocean Industries Association (JOIA)
over an eight-year period from 1993, involving a large number of researchers and engineers from industry,
academic, and government, and the cutting-edge results that grew from this project were recognized
worldwide. However, due to the appreciation of the yen in the wake of the 1985 Plaza Accord, Japanese
manufacturing lost its competitive edge, and by the 1990s the prospect of building new ice-laden sea
structures in Japan was no longer viable. Thus, although Japanese sea ice research was held in high
acclaim worldwide, this did not necessarily create business for Japanese manufacturers.

Since the 2000s, the amount of sea ice has decreased due to global warming. The volume of summertime
sea ice in the Arctic, in particular, has decreased substantially, and concerns have focused on the effect of
this on the global environment. The reduction in Arctic sea ice is, however, leading to the emergence of a
new industrial artery through the Arctic Ocean: Shipments of oil resources and cargo flowing between Asia
and Europe via the Arctic route are increasing year by year. Japan has developed advanced icebreaker
technology through its shipbuilding activities, from the Soya Antarctic observation vessel—first converted
for Antarctic exploration in 1956—through to Shirase Il icebreaker more recently. Moreover, a new Arctic
research vessel is due to be put into service in 2026. In the fight against global warming and melting
ice, Japan has an important role to play in science and technology research in the Arctic region. It is my
hope that this historical study of the development of offshore ice engineering will help advance Japanese
science and technology in the Arctic in the years to come.
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Systematic Survey on Large-Scale Display Systems
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M Abstract

Diamond Vision (Japanese name: Aurora Vision), a large-scale video display, was first introduced in 1980
at the Major League Baseball (MLB) All-Star Game in the United States. Today, it is widely used not only
in indoor and outdoor stadiums, but also in public places such as streets and plazas, as a visual means of
sharing common information, including news and advertisements. This article systematically summarizes
the emergence and development of such large-scale video displays, and their technologies, from past to
present. The technologies that existed before the introduction of Diamond Vision and the technological
trends of various flat-panel displays are organized to delineate the technological background, and the
relationship of these factors with large-scale video displays is explored. Furthermore, the development of
the first, second, and current third generation of large-scale video displays is introduced, and the technical
innovation is considered with a focus on the technological developments in which these subsequent gen-
erations were pioneered.

In the United States, before the birth of Diamond Vision, baseball billboards were installed in public plac-
es in the late 1800s to reproduce the actual scenes of baseball games and deliver breaking news from
the games. Although this was a simple system, the billboards were viewed by many people, indicating the
potential need for the large-scale video displays that were later introduced in baseball stadiums. With the
popularization of incandescent bulbs, electric bulletin boards were developed and used for news bulletins,
advertising displays, and scoreboards in stadiums. For news bulletins, an electric news device was used
at the Asahi Shimbun headquarters in Osaka in 1928. For advertising, a lighted advertising sign installed
in Dotonbori, Osaka in 1958 was the first to displaOy moving images. Scoreboards for stadiums were in-
stalled in the Japanese National Stadium in Kasumigaoka, which was completed in 1958, and played an
active role in the 1958 Asian Games and the 1964 Tokyo Olympics. Later, scoreboards displaying black-
and-white text and animated images appeared in baseball stadiums, and in the 1970s, both domestic and
international stadiums began to display grayscale video images. These were all monochrome displays
comprised of an array of incandescent bulbs.

Large-scale video displays are huge in size and have developed independently from flat-panel displays,
but they were also the earliest flat-panel displays to be commercialized. The various display devices that
make up this flat display were also used for large-scale video displays, arranged in tile formation. This
article examines the technological trends of display devices as a whole, and describes the development
process from letters and numbers to images, and then to flat-screen TVs, as well as the impact of the ar-
rangement of display devices on large-scale video displays.

The Diamond Vision large-scale video display was developed and commercialized mainly by the ship
engineers of the time, who were concerned about the future of their businesses due to the oil crisis. The
need to display color images with sufficient brightness under direct outdoor sunlight sparked technological
innovation in high-brightness light-emitting elements, and in order to commercialize the more expensive
Diamond Vision, the ship engineers themselves scrambled to find markets around the world. This suggests
that innovation is not only a technological phenomenon but also requires efforts by businesses to ensure
that products contribute to society. Then, companies entered the market, and the market for the first gen-
eration of large-scale screen video displays was established in earnest.

The first generation of large-scale video displays all required a sufficient viewing distance. On the other
hand, the second generation of large-scale video displays saw companies develop their own high-reso-
lution light emitting devices, shortening the viewing distance and entering new markets, including indoor
use. The large-scale video display market continued to expand, moving from first- to second-generation,
as companies promoted new features and competed with each other to improve display resolution and
brightness and reduce cost. With the invention of practical high-intensity blue light-emitting diodes (LEDs)
in 1993, LEDs became available in the three primary colors, and around 1995, the third generation of large-
scale video displays, which used LEDs, began to be developed. As companies started to use similar LED
technology and the cost decreased, global competition intensified. Since a large number of companies
have entered this field, rather than scrutinizing each of their technologies individually, the discussion focus-
es on the technological trends and characteristic technologies of large-scale video displays in the LED era.



The third generation of large-scale video displays has seen diverse developments, but companies have
found it difficult to differentiate their products from those of their competitors. In the midst of this, there is an
example of a development that boldly rose to the challenge of pioneering the next generation of large-scale
video displays, to worldwide acclaim. However, despite its originality, the product has experienced limited
commercial success. This article focuses on innovation and the value of pioneering new technologies,
concluding that innovation cannot occur without a willingness to push boundaries.
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M Abstract

Copying is the use of instruments and devices to make copies of documents, calligraphic works, photo-
graphs, etc.

Electrophotography, which is the mainstream of copy technologies, was invented by C.F. Carlson in the
United States just before World War Il and commercialized by Xerox after the War. The electrophotographic
imaging processes are performed through the conversion of physical quantities. Unlike blueprints, silver
halide photographs, and diazo copying, which use photochemical reactions, electrophotography is charac-
terized by the use of the physical conversion processes. The basic imaging process of electrophotography
is carried out based on extremely small physical quantities. Therefore, it was first necessary to understand
that this technology was destined to be very sensitive to disturbances such as temperature and humidity.

Since the research and development of copy technologies in Japan was carried out mainly by compa-
nies, different technologies were developed depending on the position of each company. Xerox's early
patents expired around 1985, thereby freeing up the technology to be used without worry of patent infringe-
ment. However, few managers, engineers and researchers believed that mere imitation would be enough
to overtake Xerox’s lead. Enthusiastic research and development to create new technology developed in
companies and university laboratories.

This report covers the 80-year period from 1940 to 2020, but the author has investigated and wrote about
the 25-year period from 1970 to 1995 in detail for the following reasons. In Japan, during the 25-year period
from 1970, a wide variety of technological development took place to increase the added value of copiers.
The major companies were also camera manufacturers, and they focused not only on reproducing the
characters in the document copy, but also on reproducing the image quality of the photographs. In addi-
tion, they were able to yield an attractive finished product by successfully designing it to be smaller, lighter
and more economical. Japanese copiers around 1970 were large and expensive for their performance.
They subsequently became smaller, lighter, and more economical while also becoming faster and more
sophisticated. Twenty years later, in 1990, they were one-eighth of the weight and a quarter of the cost.

Electrophotography is essentially a high gamma” process. It is ideal for copying texts and line images,
but not suitable for reproducing photographs. Once the image is converted from optical to digital, the den-
sity factor can be digitally adjusted to optimize gamma. Until the 1980s, Xerox seemed to have little interest
in digitizing copiers. However, Japanese copier makers decided to go digital and thus reinvent the copier.

They have developed the strategy to increase the attractiveness of copiers through their multi-functional-
ity and colorization using digital technology, thereafter renaming the copier ‘MFP’ (multifunction peripheral
or multifunction printer).

With the development of digital infrastructure, the use of MFP as a copier has decreased, and they are
now more commonly used as printers. Furthermore, as digitalization progressed there was decreased
dependence on paper documents, and information exchange using electronic documents began to go
mainstream. Major copier makers looked at the existing printing industry as the next promising growth
area. They attempted to innovate the printing industry through digital printing using electrophotographic
and inkjet technologies.

This report investigates the products and technologies of major companies whose main business is the
electrophotographic copier business, and systematically describes them based on the author's values.
The published issues of the Imaging Society of Japan, technical reports published by related companies,
corporate history, registered patents, etc., have been taken as official information and cited as appropriate.
There are likely many technologies and products that have been overlooked in this report; however, the au-
thor faced restrictions in terms of research time, page space, and information routes due to the COVID-19
pandemic.

1) The slope value of the linear part of the characteristic curve that shows the response characteristics of
the input and output of the gradation image
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Systematic Survey on the Development of Aluminum Alloys for Aircraft
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M Abstract

Before World War 1l, Japan's aluminum industry was mainly focused on the production of aircraft materi-
als. In the process of developing these materials, the world's strongest aluminum alloy was invented. The
use of this material in the main wings of the Zero fighter, named after the Type Zero Carrier-Based Fighter,
dramatically improved its performance, helping it achieve spectacular results in the early stages of the
Pacific War. In an attempt to unlock the secrets of the Zero fighter, the U.S. military examined Zero fighter
planes that had been crash-landed and discovered that their main wings were made of an Al-Zn-Mg-Cu
alloy called Extra Super Duralumin (ESD), and had Alcoa produce almost the same alloy. This is 7075 alloy,
which became the typical aircraft alloy after the war and is still used today. It can be said that ESD is the
originator of 7075. Focusing on the development of alloys from the discovery of aluminum to the devel-
opment of ESD, we conducted a systematic survey of the development of aluminum alloys for aircraft in
Japan. The relationship between the development of materials and aircraft in the postwar period was also
clarified. The main points are summarized below.

The first is the discovery of aluminum. In the 1820s, the first metallic aluminum was extracted by H. C.
@rsted and F. Wohler. Then, in 1855, Sainte-Claire Deville, encouraged by Napoleon Ill, built a plant capa-
ble of mass production. In 1886, C.M. Hall in the United States and P. Héroult in France both invented the
method of molten salt electrolysis at about the same time, which enabled mass production and significantly
reduced costs. Thus, in the 20th century, aluminum began to be widely used in kitchenware, construction,
cars, etc.

Second, in 1906, A. Wilm in Germany serendipitously discovered the phenomenon of age hardening,
which occurred when aluminum with copper and magnesium was quenched and left at room temperature
to harden naturally. This Al-Cu-Mg alloy was named Duralumin. It was Count Zeppelin who applied this
material to the framework of airships. In World War |, Germany used Zeppelin airships to bomb London
and other cities. At the same time, however, faster airplanes than airships were developed, and airplanes
went from being made of wood to being made of all-metal with Duralumin. In order to win the war, lighter
and faster fighter planes were needed, and the aluminum alloy had to be even stronger than Duralumin.
In response to these demands, the Al-Cu-Mg based alloy, Super Duralumin 24S (2024) was developed by
Alcoa in the United States.

Third, the Japanese Navy requested Sumitomo to develop an alloy with even higher strength than 24S.
The result was the development of Extra Super Duralumin (ESD). Isamu Igarashi and his colleagues at
Sumitomo achieved high strength with an Al-Zn-Mg-Cu alloy. However, the problem of stress corrosion
cracking remained. They established an evaluation method for stress corrosion cracking and thoroughly
investigated the effects of trace elements. As a result, they found that addition of Cr was the most effective
countermeasure and applied for a patent within a year of starting the development. This alloy attracted the
attention of Jiro Horikoshi, a chief engineer at Mitsubishi who was working on the design of the Zero fighter
prototype. After hearing Igarashi's explanation, he realized that the weight of the plane could be reduced
by 30 kg, and he immediately requested permission from the Navy to use the alloy in extruded materials. As
a result, he succeeded in reducing the weight of the Zero fighter by using ESD as a spar of the main wing.

Fourth, at the time of World War |, Japan did not have the machinery, equipment, or human resources to
mass produce aluminum alloy sheets. Since Japan was the victor against Germany in World War |, it was
able to learn German technology as part of the reparations. After World War | ended, Alcoa expanded into
Japan to sell aluminum ingots, and worked with Sumitomo to build a plant to manufacture aluminum sheets,
extrusions, and forgings. Japan's manufacturing technology was based on those of Germany and the Unit-
ed States. However, by the time of World War I, Alcoa had further developed its manufacturing technology,
perfecting continuous casting technology and tandem hot rolling technology, and the Pacific War created
a huge technological gap between Japan and the United States.

Fifth, after World War Il, Japan was prohibited from manufacturing and researching aircraft, and many
aircraft developers moved on to railroad cars, automobiles, and motorcycles. The use of aluminum for the
body structure of railroad cars was considered, and Al-Zn-Mg-Cr extrusions, which had been researched
and developed before the war, were applied. Cr was added to prevent stress corrosion cracking, but this



time it was difficult to obtain high strength when the cooling rate was slow because of high quench sen-
sitivity. Yoshio Baba, who continued the research of Igarashi, developed Al-Zn-Mg-Zr alloy 7NO1 (7204)
with low quench sensitivity by adding Zr, ahead of the rest of the world. In addition, Baba developed 7003,
which has improved extrudability, achieved as a result of reducing the amount of Mg in 7204, and this has
since been used in Shinkansen train bodies, automobile bumpers, trailer containers, and motorcycle rims.
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