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High-Strain-Rate Deformation of Fe-6.5wt.%Si Alloys
using a Split Hopkinson Pressure Bar Technique

Young-Ki Yoon, Hi-Seak Yoon, Yukichi Umakoshi and Hiroyuki Y. Yasuda

Split Hopkinson Pressure Bar(SHPB: &71<& ?Ja%-) Fe-6.5wt%Si(6.5% T4 3%

29| 47, Floating Zone Method(-"a}ﬁ}’:]
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Abstract

# e 2§%), Polycrystal (FFE A,

Many researchers have published numerous papers about the high-strain-rate obtained from Split
Hopkinson Pressure Bar (SHPB) tests. And 6.5wt%Si steel is widely known as an excellent magnetic material
because its magnetostriction is nearly zero. Single crystals are prepared by the Floating Zone (FZ) method,
which melts the alloy by the use of a high temperature electron beam in a pure argon gas condition. . In this
paper, the fracture behavior of the poly crystals and single crystals (DO; phase) of Fe-6.5wt%Si alloy by
SHPB test is observed. The comparison of high-strain-rate results with static results was done. Obtained main
results are as follows: (1) Fe-6.5wt%Si alloy has higher strength at high-strain-rate tensile. SHPB results of
polycrystal are twice as high as static results. (2) From the fractography, the cleavage steps are remarkably
reduced in the SHPB test compared with the static test.
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Fig. 1 Geometry of (a) Fe-6.5wt%Si tensile specimen
and (b) Tensile split Hopkinson bar with an
inserted specimen
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Fig. 2 (a) Unit cell, (b) XRD patterns of DO; phase
and polycrystal phase
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Fig. 3 Schematic diagram of SHPB (Dimension cm)

Table 2 Velocity of striker bar for chamber pressure

Chamber pressure

(MPa) 0.1 0.2 0.3

0.5 0.6 0.7 0.8 0.9

Velocity (m/sec) 4.76 6.67 7.69 9.1

10.0 1111 12.5 14.29 16.67
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Fig. 8 Fracture from a tensile test in Fe-6.5wt%Si ploy crystal. (a) Broad arrows show é Cleavage steps, [B River
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Twist boundary. (b) A broad arrow points to tongues formed on a

cleavage fracture and a slender arrow indicates fracture direction
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Fig. 9 Fracture from a tensile test in a,(ID0;) phase Fe-6.5wt%Si single crystal. (a) Broad arrows show transverse
straight cracks parallel to fracture surfaces and slender arrows indicate fracture direction. (b) Broad
arrows show transverse straight cracks to parallel at each other
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Fig. 10 Fracture from a high strain tensile test (7.7 m/sec) in Fe-6.5wt%Si ploy crystal. (a) Broad arrows show @
Cleavage steps, [B| River patterns, @ Tilt boundaries, and slender arrows indicate fracture direction. (b)
White broad arrows show Cleavage steps and black broad arrows points to tongues formed on a cleavage
fracture

(a) (b)
Fig. 11 Fracture from a high strain tensile test (9.6 m/sec) in Fe-6.5wt%Si ploy crystal. (a) A broad arrow shows
River patterns and a slender arrow indicates fracture direction. (b) White broad arrow points River patterns
and a slender arrow shows Cleavage steps
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Fig. 12 Fracture from a high strain tensile test (7.7 m/sec) in Fe-6.5wt%Si single crystal. (a) White broad arrows
show Cleavage steps, Black broad arrows point to transverse straight, and slender arrows indicate fracture
direction. (b) Black broad arrows show Cleavage steps, White broad arrows point to tongues formed on a
cleavage fracture and slender arrows are fracture directions
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Fig. 13 Fracture from a high strain tensile test (9.6 m/sec) in Fe-6.5wt%Si single crystal. (a) White broad arrows
show River patterns, A Black broad arrow shows tilt boundary, and slender arrows indicate fracture
direction. (b) White broad arrows point to tongues formed on a cleavage fracture
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