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B Abstract

Castings is one of the most historical metal products in the same way as forgings and casting is a kind of the
metal forming processes represent the culmination of a long history of humanities over 5,000 years along with
metal forging. Likewise, such technigues have been used in Japan for more than 2,000 years, as is evidenced
by the nation’s ritual dotaku bronze bells and the big Buddha statue of Nara. However, the quality of castings
is apparently not very well recognized for Japanese people, they generally tend to imagine for castings, the first
of which were pots and kettles, as brittle and weak, metal despite the fact that some 60% to 70% of castings
products are used in the motor vehicle industry.

Castings can be made with practically any kind of metal — encompassing everything from cast iron, and cast
steel to aluminum, copper and titanium alloys. However, this manuscript focused on the history of ferrous casting
modernization process in terms of cast iron and cast steel, while looking at the closing days of the Tokugawa
shogunate to the present day, a span of almost 160 years. Also, the focus here on cast iron and cast steel meant
that the discussion was limited in terms of casting molds to that of the sand casting method. As such, very little
mention is made for die casting, precision casting or other such production methods.

It is well known that Matthew Perry’s arrival in Japan back in 1853 prompted the Edo Shogunate to open Japan
to the outside world, thereby hastening what is known as the Meiji Restoration. This course of events was largely
sparked by a realization in Japan of the disparity in firepower between the cannons of the two nations. The active
introduction of technology from the US and Europe into Japan, chiefly to the Tokugawa Shogunate as well as the
Satsuma and Choshu, Nagasaki and Saga clans, played a seemingly large role in fueling Japan’s modernization.
Unlike the small family operations typical up until that point, The Nagasaki Shipyard and Yokohama Ironworks
built toward the end of Japan’s Edo era were fairly large, while forgeries also began to emerge. The author begins
by bringing up examples of such factories that were built by the Edo Shogunate and delving into the manufacture
of cast-iron cannons, before going on to describe transitions in the realm of iron casting starting from Japan’s
Meiji period and on through the Taisho, Showa and Heisei eras.

However, what we regard as iron today is vastly different technical terms from what people viewed as
constituting iron back in the Edo era, a fact that makes it difficult to move ahead with the topic without
further explanation on this point. With that, the author set off describing prevalent iron smelting methods and
characteristics of the material in the Edo period, and contrasted steel-related terminology of those days to that
which is used today. The author noted that during the Edo era iron was classified either as Japanese iron (watetsu)
or as iron imported from the West (yotetsu), and went on to detail characteristics of each while pointing out
problems that would crop up when using such materials to make cast iron objects. Whereas decent cast iron
cannons initially could not be produced using Japanese iron, the introduction of charcoal blast furnaces toward
the end of the Edo period and then coke-fired blast furnaces in the Meiji era resulted in Japan’s capacity to
produce high-grade pig iron. That led to the emergence of the nation’s first cast iron cannons in the middle of
the Meiji era. Subsequently, cannons in Japan would come to be made of cast steel toward the end of the Meiji
period thanks to ensuing improvements in cast steel production techniques.

The author described technological developments in terms of changes such as in iron raw materials, smelting
furnaces and casting molds, thereby detailing respective technological shifts as time progressed. The author
also delved into pertinent technical issues, particularly in regard to Japan’s transition from traditional small-sized
cupola furnaces used in the nation since ancient times to the later adoption of reverberatory furnaces and larger
cupola furnaces used in cast iron production. Meanwhile, the author looked at cast steel from the perspective of
quality gains as production methods shifted from acid Bessemer converters to basic converters, and even later
from reverberatory furnaces to open-hearth furnaces, and finally arc furnaces.

Although iron castings had long been produced in Japan, it was possible to make only white cast iron due
to shortcomings of iron raw materials. Later, the advent of coke-fired blast furnaces would enable Japanese
manufacturers to produce gray cast iron due to the high silicon contents. As time progressed, the nation would
gain the capacity to produce malleable cast iron when Yoshisuke Aikawa established Tobata Casting Company
in the latter half of the Meiji period. Subsequently during the post-1945 era, Japan took a big progress in the
area of cast iron production with the introduction of processes to manufacture spheroidal graphite cast iron and
Meehanite metal, and by around 1965 the nation could boast world-class levels of manufacturing technology.
Nevertheless, this did not lead to Japan coming up with new types of materials of its own, most likely because
Japan tended to adopt respective technologies several decades after they had been perfected in the Europe
and North America. Later, however, Japan would go on to become a world leader in terms of, for instance, its
mass production technologies and its ability to afford greater reliability, thereby enabling the nation to introduce
unparalleled products to the world such as the G-column line from Kubota Metal Corporation and super-heat-
resistant cast steel exhaust manifolds produced by Hitachi Metals. These successes indeed helped underpin the
development of Japan’s steel industry.

Whereas Japan’s steel industry initially relied on the nation’s age-old sand mold production techniques, from
around 1965 it would go on to develop its own world-renowned casting mold methods. Such technological
advances include the V-process method of vacuum molding, and molding methods using artificial sand. These
successes can be attributed largely to the fact that Japan was not all that far behind Europe and North America



when the nation’s manufacturers began using organic materials as caking additive in casting sand, and also thanks
to potent initiatives to address national environmental concerns including moves to curb usage of waste sand and
other forms of industrial waste.

The development of the simulation technologies for casting production, spearheaded by Japanese Eisuke
Niiyama, has brought about great advances in the area of metal casting, which have since come to be adopted in
foundries around the globe. Attesting to Niiyama’s impact on the industry, today manufacturers worldwide apply
evaluation standards to assess casting defects referred to as the “Niiyama-criterion.” However, Japan unfortunately
has not fared as well in the leading-edge non-technical aspects of the field now dominated by competitors
overseas.

In conclusion, the casting process has been around for ages. Nevertheless, one would be mistaken to assume
that recent progress in the industry has been slow based on the notion that casting methods go back a long
way, and likewise it would be wrong to conclude that no remaining avenues are left to explore in this realm. For
instance, advances in computer applications related to casting and relevant CAD and CAM technologies suggests
the emergence of new possibilities. Indeed, the foundry industry is poised for further development amid prospects
for leveraging these innovative approaches.
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# A H c % Si 2 Mn % P % S %
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LT, S0 iR OB & oI LTk
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T2, ZORRIZEDFEAS LT, HEoL
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LFRDE TR S A EE 005% LN EHELTW5,
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BIKT1E SC 360, SC 410, SC 450, SC 480 @ 4 FlikiHs
HELSNTVD,

A TS O H D TH B,
CNOSORTEr BoFEEY GBETLEEIIL D,
HFELVZ XS BIFI26 4 (1951) DIREICFRDSHEIT
EHEMICB T 2 EHIIMRI TR v, BEREH
BCTHb, Lo LEnia BiCid, EHE. HAREET
FAX D SMOMRMBIES ) — X P BRITERATY
5o Ml hEZBRES v,

FNISHERITILRT, TOMBMPIIEEIIL VW, FRITH
SHWOMBIN L Vo SEMOYGE D FART, EAEDOTHH

%518 #MP|EES FEILWUB) %>

i I S BUBE | WS | TR | b | SRR

NIE 643 | 1017 98.0 0.41 1.48 0.05 4.56
9 1920 99.2 0.52 0.21 0.08 5.22

10 1921 91.3 7.8 0.62 0.29 0.01 5.72

11 1922 83.8 10.4 0.49 0.31 0.02 4.38

12 1923 88.4 10.8 0.6> 0.15 — 3.656

13 1924 92.7 6.1 Lo 0.07 - 2.70

14 1925 92.9 5.8 119 0.09 —_— 3.28

B ToCA: | 1926 92.9 5.6 1.21 0.18 — 3.10
2 1927 93.1 1.7 1.57 0.08 — 2.60

3 1928 97.8 0.5 1.98 0.08 — 2.83

4 1929 97.5 — 2.30 0.07 — 1.90

5 1930 97.5 — 2.712 0.07 — 2.04

6 1931 97.0 — 2.80 0.08 — 1.78

T 1932 97.0 — 2.90 0.10 — 1.99

8 1933 96.0 - 4.30 0.08 — 2.19

9 1931 96.6 —_ 5.60 0.03 — 2.19
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®522 HMIOKE JIS £E 5101%
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5o oo Rt o 8 | SEPERI e MY | ol h 1 fuErR
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SC 410 0.30 LUF 0.040 LLT 0.040 LT 205 BLE 410 BLE 21 L L 3B LLE
SC 450 0.35 AR 0.040 FAF 0.040 BAF 225 LA L 450 LLL 19 BLE 30 BAE
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SCW 480 ﬂ? l'ff llf.':f, "h" ‘r‘.' ?f‘f ;],l*lf lﬂﬁl RASECF | wEklE | ss0RLE | 200k 0 2L
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BRSO REERR - [ SR AR Ko T
B8R | WA 22 4F (1947) pl01, 297

HAERB Sk 2 i - [oRBISEEk ) BT 38

FrsE L - DA b 4R ] (1968) p613

1) WL RE - TR Sk T ] pESEXE (2008) 6) ANBEG ] it
p22-26 7H pl49, 191, 192
2) AW F [ HARPNE 50 400 | H ARG GRSt 7)) RINEEG  [HEY (L]
(1970, 9) p314
3) W B LM  [ERIRBESE RO A S5 8)
HETJ $:& 1L 79 (2007) p605-615
4) EBERWE TE&BROGSLILMIE hE] E 9)
ik 43 45 (1910) p178, 190-193 1 WA 36 4 (1961) pl179-281
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14)

15)

16)

17)
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BEER TN EE AL 3D YD
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iE (1952)

FFER, AR BA, EVHEA © HAKERF W 34-

BB OEIMRRILHE  Vol.6 2013.March

19)

20)

21)

22)

23)

24)

25)
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