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Metallurgical Research on Japanese Swords—Focusing on Swords for Practical Use—

Hideo HosHI and Minoru SASAKI

Abstract : Following research into methods for making practical use of Japanese swords, the following points were noted,

(1) Upon examination of the forging face, 1t was found that the microstructure, hardness, and restdual stress differed

(2) Inorder to discover more about clad forging, a pre-heat treatment of the full annealing process was necessary

(3) Especially in the core steel, non-metallic inclusion was noted 1n the area of the sharp side of sword

(4) Upon examination of sample A, B, and C, all were found to contain pure material, the sample C however had high amount of Ti, Ca

and V

(5) Ordinary a core hardness of Hv 200 1s obtained by addig 0 1% C while quenching, however, an edge hardness of Hv 700~800 can

be easily obtained by the addition of 0 5~0 6% carbon

(6) Compared to other research materials, sample C had a low residual stress after compressive stress, however, sample C showed signs

of past tempering and grinding that may account for the low residual stress It 1s assumed not to be an error in measurement

(7) Upon examination of the microstructure, the central portion of the sword showed overheating in low carbon steel ferrite

Follow-up research on old and new sword should include the traditional Japanese sword virtues of strength, cutting abihity, and flexibility
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sample C

Name Yamashironokam:

Fugiwara hidetsk;

scale mm

pO:

Fig | Oshigata of samples.

Measurcment of samples unrt
j _
Posttion sample pame sample A sample B sample C
ro0 of measurement WAKIZASHI WAKISASHI KATANA
Al Roo
| 2 on Hawatar1 346. 0 390 0 606. 0
' 45 Sort {curvature) ‘é 0 1 ‘21 8 19 5
,macto structure Length of nakago 11 0 112. 165 0
Sample of research item A micro Kasane mte 6 O moto 5. 2 mete 6. 3
-— saki 4 4 saki 4. 8
_J,j,/J Mihaba moto 30 0 mio 30. 4 moto 31, 4
— — — sakl 22, ¢
L e Length of kissak — — 34. 0

Sample of research itm C showlneg
micro, macro structure and residual stress

Fig. 2 Measurement of sample and respective cross-section
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sample B
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part Bl 100 mm from kissaki

part B2 200 mm from kissak:

Photograph of macro-structure
Part A1 (100 mm from kissak)

X2

%100

Photograph of micro-structure

Fig 3. Micro and macro strcture of
sample A

B3 370 mm from kissaki

part Cl 100 mm from kissaki

part C2 300 mm from kissak:

part C3 590 mm from kissaki

Fig 4 Cross-section macro-etching structure of B and C.

Table 1 Chemical composition of samples.
Chemical composition (%
T.Fe Cn Mo P Noe Co  To  8i Ca Al Mg V

sample A
sample B
sample C

97,31 0,008 0.001 0,042 0 010 0.011 0.009 0.0L1 0,020 0.027 0.006 0. 007
99,31 0.008 0,001 0,001 0,012 0.018 0.002 0. 001 0.017 0.029 0. 004 0. 006
97.44 0.009 0,003 0.040 0.074 0.011 0.020 0.035 0.023 0.020 0. 006 0.014
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by Inductively coupled plasma atomic emission spectrometry
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Table 2 Residual stress of sample C.

Position of Distance from kissaki 1p om
megsurement
Residual stress 100 300 590
Mpa
Stoogiz] center a -224 0 0 -221.1
Hirasl centerd |[=-303. 3[—-303. 3(—-182. 0
Hasaki ¢ |~236.5|—-291 2|-134. 34
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Fig 5 Vickers hardness distribution in cross-section of samples.
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