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Historical Development of Pressure gauges Technologies
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M Abstract

The first pressure gauge in the world was a mercury barometer invented by the Italian Evangelista Torricelli in the 17th century. This device, which
today is called a “mercury liquid-column manometer” or simply “manometer,” is classified as a “liquid column manometer.” Later, in the 18th and 19th
centuries, the “dead-weight tester” that generates pressure in a cylinder using a piston and weight was invented in Germany, the “aneroid barometer”
and “Bourdon tube gauge,” which exploit the elasticity of metal and are today classified as an “aneroid gauge” (which, according to JIS pressure gauge
standards, has an elastic element like a Bourdon tube, bellows, chamber, or diaphragm in the pressure receiver of the gauge) were invented in France,
and a model of a recording pressure gauge (engine indicator) using a piston and spring was invented in Great Britain.

In the history of pressure gauges beginning with the barometer, of particular importance are these four types of pressure gauges—Iliquid column
manometer, dead-weight tester, aneroid gauge, and engine indicator—having different structural principles.

The liquid column manometer has progressed since the barometer invented by Torricelli, and today, it is used in blood pressure gauges, altimeters, and
other devices. In Japan, a “standard liquid column manometer” was prescribed in 1920 for testing purposes in conjunction with the launch of a national
certification system for Bourdon tube gauges. It has since come to be widely used for calibrating and inspecting low-pressure gauges in industry.

A “standard dead-weight tester” was also prescribed at the same time as the standard liquid column manometer for use in testing Bourdon tube
gauges. After World War I, various types of dead-weight testers were developed as the demand for highly precise pressures and higher pressures
increased, and today, dead-weight testers are being widely used in low-pressure to high-pressure applications and in the calibration and inspection of
Bourdon tube gauges and other pressure measuring devices.

The aneroid gauge uses an elastic element in the pressure receiver. Gauges of this type that use other than Bourdon tubes for the elastic element
have come to be used for micro-pressure applications, but those that use Bourdon tubes are quite adaptive covering the range from low-pressure to
ultra-high-pressure applications. The aneroid gauge spread quickly to industrially advanced countries after its invention and came to replace many
liquid column manometers that had been used up to that time. The aneroid gauge went on to make great contributions to the development of modern
industry, which had started with Great Britain, throughout the world.

The engine indicator was the world’s first recording pressure gauge. Being limited in application, it is not well known, but its role in developing
practical steam engines during the industrial revolution in Great Britain is immense. It is said that this type of pressure gauge is today made by only one
company in the world: a Japanese pressure gauge manufacturer. Although it is used for only special applications and produced in limited quantities, its
historical value is high.

In Japan, the first person to research and develop Bourdon tube gauges was Yoshihira Wada, who founded Wada Keiki Seisakusho in 1896. At that time,
the Meiji government was actively promoting a transition from light to heavy industry to make Japan into a modern nation through prosperity, military
strength, and industrialization. As part of this policy, steam locomotives and other types of steam engines equipped with pressure gauges were being
imported from Europe in great numbers. By his own effort, Yoshihira Wada succeeded in domestically producing these pressure gauges.

On entering the Taisho era (1912 - 1926), the industrialization of Japan flourished and progressed in conjunction with a military buildup and
overseas expansion through colonization. Then, despite the unprecedented disaster of the Great Kanto Earthquake of 1923, the production of industrial
machinery continued to expand right up to the Second World War. The demand for domestically produced Bourdon tube gauges increased dramatically,
and the number of pressure gauge makers in Japan grew from just a few to more than a hundred by the 1930s. The Bourdon tube gauge promoted the
industrialization and economic development of Japan.

During the Second World War, much of Japan’s industrial base was destroyed, but after the war, special procurements associated with the Korean
conflict breathed new life into the industrial sector. The high economic growth period that followed also gave rise to new industries resulting in more
diverse and advanced needs for pressure gauges, which stimulated the development of products using new technologies. Electrical pressure gauges
(analog indicators) that appeared after the war converted pressure to electrical quantities using Bourdon tubes. With the coming of the computer
era, however, computer control in which pressure indication is unnecessary became mainstream and products like electronic pressure gauges (digital
displays) and pressure transmitters came to be developed. Electrical pressure gauges fell out of use as a result.

Then, as Japan entered the Heisei era following the bursting of the bubble economy, “industrial pressure sensors” began to spread rapidly. These
industrial sensors were the result of long-term R&D efforts by leading pressure gauge makers in Japan using new semiconductor technologies. They
have come to be exported to industrially advanced countries from which Japan once imported pressure gauges, and the international market for them
is expanding steadily. Industrial pressure sensors are the fruit of pressure measuring technologies and a strong point of Japanese industry.

Nevertheless, while a variety of pressure gauges have appeared in the post-war period, the Bourdon tube gauge, whose production volume has
grown from 14,000 units in 1920 when the national certification system was launched to about 9-million units in 2007 and whose history is one of
the oldest among pressure gauges, is now the most widely used pressure gauge in Japanese industry. The Bourdon tube gauge, which has survived
earthquakes and wars and the trend toward digital devices following Japan’s high economic growth period, is still evolving technologically as reflected
by the development of an ultra-high-pressure Bourdon tube gauge meeting the world’s highest standards. We can expect the Bourdon tube gauge to
continue to make significant contributions to industry.
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HAZEWOEBERFEERLEFARL TV S,
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mEEEGEDEMLE, ALY, EDKR, £EED
U & FHBEIC, KIBICERLREFREL, &
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HEOE, [HECEHLZER GtEZ4E)] & I8
AOTENZEECEDLER JISHEE)] D22
THb.
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ORFEHZY, 1920 FITHREEHREFICL YR
EABA ST,

Q@FtE%
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DRIFEEITADTIT o7, LML, TFL—HEY
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EWE. IEEEHREMRE. BERERBEL DI
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1994 FDRIEE. EFREEDEENKIBICER
=nt-,

1999 £ (2 (X JISHEMNTThhtz, OINL (EEE
RTEME) OIS0 (EREREHEE) 0#s s T
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REFETE5 50 F£5 P2-3 (1999) [Fak 11 £F]
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(1) REFEEF (%) BEH

(12) MRE=H - T TEREFRIEMAR] PO BRI
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(18) (1) BAGEMEETI RS TJ)L KU ERENE
ICBE 9 HEAEMRERIME] (1961) [RBFI 36 £ ]

(19) (20) ENFHRELBEESR  [F—RENGR
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£ P96-98 (1978) [HAFN 53 £F]
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(53) BEFERYE . [REEXRBERBREMIAHEN
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17 £]
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O REBELIHERTREEGRRERN  [EEEL
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B& FEITIRETESRL (1939) [FEE 6 ]

(59) BAEEEHR TEEMEA] (K 2 FXEF
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(60) RERF IFHAIEHE £32E8%85 HitE
EDRAFEE FL—HYEY T HIEL (1993)
[R5 ]
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(62) (63) MFHFEFERMEN (2008) [Frk 20 F]
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SKEFELT. EAA—H—RETH 1940 FrighH
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LY (BIMEHADBIT) CENRESN, EBIZ &
SOBETHER. BABRCEIALE UBNAESLEN
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CEMNRFY., COBATIAILE UREERTIE
HEFELTERASIAGWIEELST=,

K[EFIE. FHl-GKEFE LT, 1982 EM5HE
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TrAA FREAF ORI S ERFRRYLUE.
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BEit210% TEHG). R THEREEZ L
BTWEDE TRAyF1 EFES,

RIZ, TORRHKO—FIEZBNT 5,

OfEst

5.7 #UEst 200 ¢ 1955 &®

5. TICHEADBED—HlZERT . BERFICIE.
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RRE—F—T, RRARG ETRERENIEN L
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T, BRAEL BETHL, T 9 K.
HRFICLDXEZVLDTHS &
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