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Role of “Kobune” in Underground Construction of Tatara Furnace

Kazuhiro NAGATA, Atsushi HANIU and Takuo SUZUKI

Synopsis : The Tatara is the traditional iron- and steelmaking process in Japan. The box type furnace is about 1m width, 3 m length and 1.2 m height.

The process produces steel bloom and pig iron from iron sand and charcoal. The furnace is built on the charcoal bed in a big underground

construction which is separated into upper and lower parts by a thick clay layer, “Kobune Kawara”. The lower part is a drainage. The upper

part has a charcoal bed, “Hondoko”, with twin caves, “Kobune”, on the both sides. The “Kobune” keeps its temperature lower than 41°C and

humidity higher than 89 %, that is, 4.8X10 2kg-m ™ in terms of water vapor concentration, during “Tatara” operations. The heat flow and

temperature distribution around the furnace during operation was numerically simulated. The water vapor in “Hondoko”, hearth and “Doi”

flows to “Kobune” according to heat flow and disperses to the surroundings. Further the historical development of underground construction

is discussed.
Key words: Tatara; Kobune; temperature; humidity; heat flow.
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Fig. 1. Construction of the underground and
furnace of the Nittoho Tatara
(1) Uwagama, (2) Nakagama, (3)
Motogama, (4) Tsuburi, (5) Hodo
(Tuyer), (6) Kiro (Bamboo pipe), (7)
Tenbinyama, (8) Hondoko, (9) Doi

(Coarse sand) (clay), (10) Kobune (tunnel).
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Fig. 2. Dimension of the charcoal bed of “Hondoko”.
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Fig. 3. Packing density of charcoal sampled from “Hondoko”.
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Fig. 4. Water content of charcoal sampled from “Hon-
doko”.
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Fig. 6. Temprature, humidity and water content of air in
“Kobune” during operation of Tatara in 2000.
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Fig. 8. Calculation of temperature distribution in the un-
derground construction of “Tatara” furnace (a)
with and (b) without “Kobune” during operation.

Fig. 7. Calculation of heat flow from Tatara furnace (a)
with and (b) without “Kobune” during operation.
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Table 1. Production- of Tamahagane by "Yasukuni Tatara"

furnace.
Year | Total production | Number of | Mean production per
per year (kg) | operations operation (kg

1933 1,500 7 214
1934 1,687 7 241

1935 1,650 7 236
1936 1,913 7 273
1937 3,563 9 396
1938 5,399 11 491

1939 8,061 15 537
1940 5,600 12 458

1941 5,500 12 458

1942 5,812 12 484

1943 4,500 9 500

1944 5,625 10 563
Total 50,710 118

Note: In November, 1936, the underground of Tatara furnace
was reconstructed.
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Fig. 9. Underground construction of “Yundani Tatara”
which produced pig iron in 19 century.
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Table 2. Operations and repairs of the foundation of Tatara furnaces since 18 century.

Year E: 3 A Name of Tatara funace
AD Mon. | HES KR N HA M ¥t
Kiyantani Ohara Amekawa | Kotouge Kuigi Kanaitani | Nozuti
1734 | %R 19 Start
record
1735 20 |8 HRERH L
1736 | Tt |68 R H L
1737 2 1-2 KRL LY
1738 3 Close (5) § Start
1739 4 |12-1 RS L+
1740 5 |8 PREE S L+
(GRS
1743 [AE 3 Close (6) Start
1745 |EF2 |71 KR L
1747 | WL Close (5) [ Start
1754 | KB4 | 4* Close (9) [ Start
1756 6 Close (3)
1757 7 Start
1767 | BAfn 4 12 Start
1768 5 Close (12)
1773 | £k 2 |7 Start
1775 4 Close (6)
1779 8 1* Start Start
1782 | XBH2 |10 310 %
1786 6 2 KRS LY
(Cak 25 - il
1788 8 Close(20)
1789 | Bt | 10 Close (17)
1794 4 Start
1796 [ Close (3)
1799 11 I HgR
1819 | XB 2 |4 A fire*
no work
1855 | & 2 No work
2 months
7 Broken*
Constract
1856 3 3 A fire*
34 Construct
1923 | KiE 12 Close (94)

+BK M 5 L "Tokoterashi” means the repair of foundation of Tatara furnace.
$&#H " Tetsu wakazu” means the failure of production of molten pig iron.

%F B3 % "Ronetsu otoroe” means the failure of heating furnace at high temperature.
&% " Kan-na Tatara” is the new name of Amekawa Tatara furnace.

#: At these accidents, the foundation of Tatara would be repaired.

( ):the total years of continuous operation for Tatara furnaces
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Fig. 10. Amount of charges of iron sand, charcoal and slag
(Noro) produced every 30 minutes for the 3rd run
of “Nittoho Tatara” operation in 2000. One basket
of iron sand, charcoal and slag weigh about 4kg,
15kg and 50 kg, respectively.

Table 3. Mean weight (kg) of products for one run of
Tatara operations from 1997 to 2001.
Grade [vear | 2001 | 2000 | 1999 [ 1908 [ 1097
Tama- [1*(1#%) | 355 360 292 497 811
Hagane | 2M(2#%) | 399 510 354 570 504
(EM) [39(3#&) | 11 700 815 601 228
Mejiro (B 8) 51 84 116 136 254
Dousita ($8TF) 339 456 308 317 275
Orosigane ({HIg%) 337 294 407 179 52
Pig iron(gk) 58 57 34 49 133
Total 2,310 |2, 461 2,326 | 2,349 | 2,257
Iron sand (Rb8k) | 9,867 |9,433 {10,233 [10,325 |10,375
Charcoal (A %) 10,072 |10,053" | 10,545 10,725 |10,413

Note: The grades refers to Table 2 in the reference (1).
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