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B Abstract

Electrical discharge machining is a fabrication process that melts and removes metal from a workpiece
by repeatedly applying a small electrical discharge between an electrode and the workpiece. The principle
behind this process was invented in 1943 in the Soviet Union, and by the 1950s, dozens of manufacturers
of electrical discharge machines were founded throughout the Soviet Union, Europe and the United States.
Research into the process began in Japan in 1949, with the first electrical discharge machine manufacturer
established in 1953.

One of the advantages of electrical discharge machining is the ability to machine hard or tough metals—
called difficult-to-cut materials—that are difficult to handle with mechanical processes. It is because of
this that the process became increasingly used in America for machining special components for the
aerospace industry—in Japan, electrical discharge machining came to be used for machining die and mold
components.

While European and American manufacturers led the market in the early days, Japanese manufacturers
grew to claim more than half the global share by the 1980s. One of the factors contributing to Japan’s
sharp rise in market share is that Japanese electronics technology, including semiconductors which had
made remarkable progress, supported the development of electrical discharge machines. In addition, the
electrical discharge machine industry was blessed with the strong demand arising from the rapid growth of
its main market—the die and mold industry.

The first half of this report covers the history of development of the core technologies dedicated for
electrical discharge machines by the 1980s, such as the power supplies used for machining, axial feed
mechanism, and applied technology like numerical control devices. While development of electrical
discharge machines benefited from the die and mold industry, the process also served to transform the
methods used for making die and molds. The report outlines how both suppliers and customers worked
hand in hand to further development, and also includes specific examples of the advantages of using
electrical discharge machines.

The second half of the report describes the results of research on the subsequent development of
electrical discharge machines, focusing on the period from around 1980 to around 2015, with examples
including high-speed machining power supply that use new semiconductor elements, high-speed axis
feed mechanisms driven by linear motors, and adaptive control that utilizes intellectual machining know-
how. Japanese electrical discharge machine manufacturers led the world in developing new state-of-the-art
technologies like these, which in turn boosted their competitive edge on the world stage.

European and American manufacturers found themselves left behind from the 1980s and on, with only
two premium machining tool brands based in Switzerland considered potential competitors. Japan took
over the world in the 1990s with countless high-performance and compact products. It goes without
saying that Japan became the global power in precision die and mold technology that underpinned the
manufacture of tiny precision components essential for a broad range of products that were small and
light—just like the catchphrase of the time. The Japanese die and mold industry demanded the world’s
highest standard of machining accuracy and quality, but now miniaturization had become essential—
this sparked fierce competition amongst Japanese electrical discharge machine manufacturers to further
develop high-accuracy machining technologies, which eventually went on to exceed that of premium Swiss
manufacturers. The second half of the report explores the history of development of elemental technology
required for such high-accuracy machining, like enhancing machining accuracy and surface finish, and
miniaturization of machined shapes.

With die and mold currently accounting for around 70 to 80% of electrical discharge machining in Japan,
this report mainly examined how electrical discharge machines are used for fabricating die and mold.
Electrical discharge machines are expected to be developed to cover a wider range of applications for
machining high-value added components in the future, so the last section of this report covers special
electrical discharge machines designed for machining high-value added components that are expected to
grow in demand moving forward.
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