MATERIALS
SCIENCE &
ENGINEERING

A

www.elsevier.com/locate/msea

Materials Science and Engineering A 417 (2006) 281-286

Processing and mechanical properties of a porous low carbon steel with ¢
controlled porous structure by imposition of a static magnetic field
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Abstract

Porous low carbon steels with a controlled porous structure were processed by imposition of a static magnetic field, and mechanical prope!
were investigated. Rotation behaviors of a low carbon steel in a static magnetic field was investigated by a theoretical analysis. The darmived rote
time well agreed with the experimental result. The porous low carbon steel, which is the sintered green compact filled into a carbon die witl
magnetic field, showed orientated structure parallel to the direction of a magnetic field. Compressive properties of the porous low carbon s
with a magnetic field showed higher collapse stress and higher densification strain compared with those of the porous low carbon steel witt
a magnetic field. Modifications of the compressive properties might be attributed to the oriented structure of the porous low carbon steel due
imposition of a static magnetic field.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Natural porous materials have a variety of porous structure to
match surrounding conditions such as applied loading. This sug-
Recently, there has been a considerable increase in interaggtsts that mechanical properties of porous materials are strongly
for porous materialgl,2]. Porous metals are super-light metals affected not only by the density, but also by the porous struc-
exhibiting unique properties such as high energy absofBing  ture. Therefore, porous structure control might be one of a key
is important to deepen our understanding of mechanical propetechnology for control of mechanical properties such as plateau
ties of porous metals for the use of a porous metal in lightweighstress.
structural sandwich panel or in energy absorbing devices. In the present study, a new method for porous structure con-
To date, the mechanical properties of porous materials haveol of a porous metal by imposition of a static magnetic field has
been extensively investigat@tt-9]. These studies revealed that been proposed. A porous metal with a controlled porous struc-
the porous materials exhibit a plateau region with a nearly conture is processed from sintering of ferromagnetic metal fibers.
stant follow stress. It has been demonstrated experimefit@lly Metal fibers[11,12] are processed from machining by a lathe
and theoreticall\f3] that the flow stress in a plateau region is with a chatter vibration cutting tools. In the new method, ferro-
strongly affected by the density. Gibson and Asf8jyanalyzed magnetic metal fibers are filled into a die under an imposition
the collapse stress (apparent yield stress) in a plateau region of a static magnetic field. Then, orientation of the ferromag-
a porous metal from the view point of bending of struts and theynetic metal fibers parallel to the magnetic field occurs, and an
showed that the collapse stress of a porous material is propooriented green compact is made in a die. A porous metal with
tional to the 3/2 power of density. porous structure control can be easily obtained by sintering the
oriented green compact.
In the present study, at first, behaviors of a low carbon steel
* Corresponding author. Tel.: +81 52 736 7461; fax: +81 52 736 7406. fiber under an imposition of a static magnetic field were inves-
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compression properties of a porous low carbon steel with a conM cos ¢ = uoH cos6 — N1 M CcoS¢ (5)

trolled porous structure were compared with those of porous Iow

carbon steel without a controlled porous structure. M sin ¢ = poH sin 6 — NoM sin ¢ (6)
M = yH (7)

2. Theoretical analysis
where uo indicates the magnetic susceptibility in a vacuum
A ferromagnetic and polycrystalline fiber with a diameter of (47 x 10~7 H/m), ¢ the angle between thé-axis and the mag-
d and a length of; is placed under a static magnetic field with a netization, V the volume of the fiber ang is the magnetic
magnetic flax density aB, and the fiber and the magnetic field susceptibility.

are inclined av as shown irFig. 1(a). In,Fig. 1(a), Tsr is the By using Eqs(4)—(6), Tgr is given by
torque caused by a magnetic shape anisotropy of the fipés, )
the torque caused by a Lorentz force induced by an interaction qﬁ d“ls MH sin@ — ) (8)
a rotational motion of the fiber and the magnetic fidlgjs the 4
torque caused by a viscous drag digds the torque caused by a + N
gravity. The equation of rotational motion by the above torquedan ¢ = tan- { 11N tan 9} 9)
is given by 2
> By using Eqs(7)—(9), Eq.(3) is expressed as
+Tegr+Te+Tg+Tg=0 (1) 2
a2 do 6
'@ - &(Nz — Ny)sin2p = 0. (10)
23
2
48d i 2

. o _ . When the demagnetizing factors of a cylindrical fibgrand
wherel indicates the moment of inertia for the fibethe rotation  x, are set to 0 and 1/2, respectiv§lyl], a maximum difference
time of the fiber an® the density ofthe fiber. Since a distribution inthe angle betwee}and(b is On|y7-[/16 Thus1 itcan be assumed

of the gravity acting on the fiber is symmetrical with respect tothatg is the same a#. When the initial conditions are set to
the fiber centerTy corresponds to zero. Ifgr is much larger

than7g, and if the fiber is placed in a vacuufiy=0), Eq.(1)  6l;—0 = 6o (11)
is given by do
d29 | =0 (12)
d — +Tgr=0 (3) =0

the rotation time of a fiber is obtained as
Fig. 1(b) shows the coordinate system between the imposed

magnetic fieldd and the magnetization of the fibf, wherey-  ; — O o (cos 2 — cos ) Y?do
axis defined as to be the direction of an easy magnetization axis XH 6MO(NZ —N1) Jo

with a demagnetizing factar;, andz’-axis is defined as to be the 0IL0 6o 12
direction of a difficult magnetization axis with a demagnetizing = )TB‘ / 62 — M) /o (cos @ — cos Zp)” ' “do

factorN2. Then,Tgr and the relationship betweéhandM are

given by[13] (O o z) "
Ter = MHsin(0 — ¢) x V (4) st=5)-
B A z’(N,) .
A
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Fig. 1. System of a theoretical analysis, where (a) indicates the coordinate system between a ferromagnetic fiber and a magnetic flax densitglifigtéhe coo
system between a imposed magnetic field and a magnetization of a ferromagnetic fiber.



Download English Version:

https://daneshyari.com/en/article/1585928

Download Persian Version:

https://daneshyari.com/article/1585928

Daneshyari.com


https://daneshyari.com/en/article/1585928
https://daneshyari.com/article/1585928
https://daneshyari.com/

