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Characteristics of Shock Compaction Assembly
Using Converged Underwater Shock Waves
(2nd Report, Equation of State of Magnet Powder and Numerical Calculation
of Shock Compaction Process)

Shigeru ITOH, Shiro KUBOTA, Masahiro FUJITA,
Yutaka KUROYAMA and Kenji ITOH

Fundamental properties of a shock compaction technique of applying converged underwater
shock waves have been investigated for rare earth magnet powders. The rare earth magnet made
from Fe-Nd-B powder is being developed to have a high magnet performance. Usually this powder
is consolidated using static high pressure and bond materials. It is very difficult to obtain over 809%
magnet purity and, thus, it is difficult to achieve maximum performance. To solve this problem,
shock compaction techniques involving use of explosives were tested and the results are presented
here. The equation of state (EOS) of Fe-Nd-B powders is first verified by a quasi-static experiment.
The applicability of the EOS is confirmed by a new shock loading test which is proposed in this paper.
Both numerical simulation and experiments on the consolidation of the magnet poweders are carried
out. A fine-bonded bulk with of over 96% is obtained.
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Fig.3 A relation between compressibility C and
apparent pressure P.
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Fig.4 A compressibility of the magnet powder
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Table 1 Parameters of magnet powder
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Fig.5 The relation between F. and density at lower
pressure
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Fig.6 Hugoniots for different initial porosities
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Fig.7 A schematic illustration of an optical
measurement set up
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Fig.9 An x-t wave diagram of the underwater
shock wave
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maps obhtained by numerical calculation
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Fig.11 Pressure contour maps obtained in the case
of the wall angle 8=30°
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Fig. 13 Histories of pressure distribution on the
axis of assembly for shock compaction
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Fig. 14 Density distributions obtained by
numerical calculation
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