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Systematic Survey on Watch and Clock Technology in Japan From Mechanical Movements to Quartz — the Quest for Precision
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B Abstract

Timekeeping is the foundation of life in society, and has been evolving since the era when the time
between sunrise and sunset was designated as a day, through the invention of watches and clocks that kept
the time accurately anytime and anywhere, toward useful feature-rich wearable devices.

Modern watch manufacturing in Japan began with the copying of mechanical watches from Europe, first
by buying and assembling watch components, then by manufacturing components that could be made
domestically and assembling them with critical components from Europe. The trend toward domestic
production increased because watches with good performance and quality could not be built by copying
Western watches, and the first mechanical watch to be designed entirely in this country was released in
1956. The aim was to see what degree of precision could be attained, whether component manufacturing
and tasks such as assembly, adjustment and repair could be made easier, and to make it for a price that
many people could afford. From that point forward, the technical development of mechanical watches began
in earnest; watches were equipped with shock-resistant mechanisms, self-winding mechanisms, and so
on, always with miniaturization, quality improvement and convenience in mind. The watch manufacturers
continued refining their creations with easy-to-make watches, precise watches, and high-quality watches,
until they reached a level of mechanical watch quality that was not inferior to that of the Swiss.

Japanese mechanical watches gained international recognition, and as production increased, Japanese
watch engineers attempted to master technologies that would enable even greater precision. Then, in 1969,
ahead of the Swiss, Japan succeeded in developing and bringing to market the first quartz watch in the
world. As the quartz watch was enthusiastically received by the market on account of its great accuracy,
high quality, compact size, and reasonable price, quartz rapidly became the mainstay of the watch industry.
At the same time, with the spectacular advancement of the Japanese electronic component and raw material
industries, the miniaturization of quartz watches accelerated. Moreover, the incorporation of electronics
allowed the commercialization of many products with high added value.

This report will focus on the systematization of high-precision timekeeping technologies for watches, from
Japan-designed mechanical watches to quartz watches, and on to even more accurate technologies. We will
also touch on the subject of micro power generators and the increase in the functionality of watches afforded
by their low power consumption.

Chapter 2 will describe the construction of mechanical watches, electronic balance-wheel watches,
electronic tuning-fork watches, quartz watches, and radio-controlled watches that are synchronized with a
time standard based on cesium atomic clocks.

Chapter 3 will give an account of the birth of the first mechanical watch to be designed in Japan, and will
describe the technologies that were incorporated in the design to enhance accuracy, quality, component
processing, and assembly.

Chapter 4 will describe the process of improving accuracy that led from mechanical watches to quartz
watches, the attempts to dispense with the trouble of winding them up, and the replacement of the energy of
a spring with that of a primary battery in electric watches with balance-wheels or tuning-forks as timekeeping
elements.

Chapter 5 will explore the technologies behind the world’s first quartz watch - a timepiece one hundred
times more accurate than a mechanical watch- and its miniaturization. It also looks at the possibilities that
quartz watches offer in terms of multifunctional technology with high added value, and the respective features
of analog and digital.

Chapter 6 will describe the low power consumption technologies that were developed after the release of
the quartz watch that made miniaturization and a variety of new features possible (with particular regard to
the improvements made in stepper motor technology) and will also describe the miniaturization of electronic
components, the development of industrial processing technologies, and the end of our long dependency on
the Swiss for watch oil.

Chapter 7 will describe the principles and characteristics of solar, thermoelectric, kinetic direct drive, self-
winding, and micro spring-drive electricity generation alternatives to primary batteries that became possible
due to the revolutionary energy efficiency of quartz watches and movements powered by extremely low



electric currents.

Chapter 8 will describe technologies that promise to supersede the accuracy of quartz watches and
achieve extremely high accuracy on the order of seconds per month, per year, and even per decade; namely:
(1) Methods of compensating for the frequency-temperature characteristics of the standard 32 kHz tuning-

fork quartz oscillator.

(2) Methods of adopting high-frequency band AT-cut quartz oscillators.
(3) Methods of correcting time with time codes based on cesium atomic clocks.

Chapter 9 will recount the history of the Japanese horological industry that aimed to be the “Switzerland of
the East” up to its present state as of 2015.

Attached is an appendix covering technologies for recharging quartz watches and increasing their
accuracy, public standards relating to watches, advancements that have been made in terms of accuracy and
functionality, and the evolution of the products of the various manufacturers.

The horological terminology for mechanical watches and quartz watches in this report conforms to the
2015 edition of Horological Vocabulary (Japan Clock & Watch Association).
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-ISO 764:Horology-Antimagnetic watches
-ISO 1413:Horology-Shock-resistant watches
-ISO 3158:Timekeeping instruments-Symbolization of control positions
-ISO 3159:Timekeeping instruments-Wrist-chronometers with spring balance oscillator
-ISO 310-2:Watchcases and accessories-Goldalloycoverings-part2:
Determination of fineness,thickness ,corrosion resistance and adhesion
-ISO 6425:Divers’ watches
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