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CONSOLIDATION MODEL OF POWDER MAGNETIC MATERIALS
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Known models of deformation processes of powder materials in a die compaction are based on
a decision of partial differential equilibrium equations. This paper presents the mathematical model
of the die powder compaction process which is based on the decision of partial differential equations
of motion. The equations for an elastic-plastic isotropic powder hardening material are used as rheo-
logical ones. A quasi-continuous powder medium has an irreversible volumetric and shear defor-
mation. Numerical calculations of the die compaction are fulfilled for ferrite, Sm—Co, Nd—Fe-B
magnets using Lagrange’s method by means of the difference scheme of continuous calculation of
Wilkins’ type. Boundary conditions are assigned by a friction low on lateral surfaces of the die.

Pressed articles have the form of rings.
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Introduction

There are two basic approaches when model-
ling powder materials behavior under dynamic
loadings. The first, heterogeneous one, considers
the porous material to be the mixture of a com-
pressible solid phase with a gas phase, the behav-
ior of the material being modelled with interpene-
trating and interacting continuums [1].

The second approach is based on representa-
tion of the multi-phase material as a quasiconti-
nuum possessing joint integral properties of con-
stituting phases [2—5]. In the case of negligible
inertia effects the models of powder material
compactness depend on the solutions of approx-
imate differential equations of equilibrium.

The proposed models of die pressing powder
magnetic materials are based on the solutions of
differential equations of motion of a quasiiso-
tropic compressible, elastic-plastic, hardening
quasicontinuum with the ability to change both
its form and volume.

Main equations

Let us consider the mathematical model of
one-side pressing of powder magnetic materials
in the form of hollow cylinder with radius R and
height H. We will have a cylindrical coordinate

system (r, 0, z) and the following notations:
p — density, ¢ — time, ¥ — flow velocity vector,
S — stress deviator. In the case of axial symmetry
flowing when vg = 0, the initial values will not
depend on 6.

Taking into account the above assumption
the main equations of the model for the plane 7, z
can be written as

— equation of motion

dvy _ 9Syyr | 0Sy; | Syr—See , 00
at ~ or oz + r + or’
(1)

dv, _ 0Sy; , 0Szz | Syz , 00
pdt_6r+az+r+az’
— equation of deformation continuity
ldp , 9vr , 0v; _ _Vr )
p dt or 0z r

The components of the flow velocity vector

are defined from equations

T=v, Z=u, 3)

Differentiation with respect to time of equa-
tions (1)—(3) is carried out following the trajecto-
ry of motion of a material particle.

Physical equations characterizing the elastic-
plastic flow are chosen as rheological ones closing
the system of equations. For elastic deformation
these equations become:
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where K and p are modules of three-dimensional
compression and shear respectively; o is the ave-
rage normal stress.

Equations (1)~(4) allow to consider the stressed-
deformed state of the material relative to the cur-
rent location of points, i.e. with deformation and
stress increment parameters where derivatives of
stress tensor components with respect to time are
understood in terms of Yauman.

In the general case the condition of plasti-
city is

F(T7, o, o5, ay, ..
where

T = JSET + 8%, + Sy + 25,

is the intensity of tangent stress; oy is the yield
limit of solid-phase material; a; are hardening pa-
rameters.

»ay) =0, 5)

Mathematic model and results

The mathematic model has been derived and
implemented for one-side die pressing of powder
magnetic materials such as barium ferrites, Sm—Co
and Nd-Fe-B intermetallides by the punch acting
with the applied force P.

012 3 4 5 6 7
r, mm

Fig. 1. Field of density distribution in Nd—Fe—B material
after its pressing under p = 8 ticm?, po = 2,76 glcm®

Fig. 1 shows the results of calculations when
determining the field of density distribution in
Nd-Fe-B material after its die pressing.

The formulation of mathematic problem re-
duced to finding the solutions of the differential
equations (1)—5) which must satisfy the following
initial and boundary conditions:

—if t=0, then p=po, S,, =S =3.=S.=0,
c=0,v. =v,=0;

— if >0, then the normal stress o, =—p, is
given for the working surface of the punch and
the condition of adherence is assumed; the tan-
gent stresses are given for the side surface of
the die and the condition of nonpenetration is
specified; for the bottom die surface the condition
of adherence is assigned.

The solution of the problem stated is carried
out with the difference scheme of continuous cal-
culation like the Wilkins’ one [6]. The condition
of plasticity (5) can be written as follows

T2+ ()% = (P LE0)E  (6)
where p is relative density,

f1(p) = by (1 —p)™,

f2(p) =p",

f5(8) = bpE™ + 1.

Friction forces acting on the side surfaces of
the die have been specified in the form of friction
law T = fp. The coefficients by, b,, ny, n, and n;
have been calculated from the experiments.

Conclusion

In this paper the process of pressing powder
magnetic materials such as barium ferrites,
Sm-Co and Nd-Fe-B intermetallides has been
described by mathematic model basing on diffe-
rential equations of motion of the compressible
quasicontinuum, subjected to irreversible three-
dimensional and shear deformations. The equa-
tions characterizing elastic-plastic, quasiisotropic,
porous, hardening material were used as rheolog-
ical ones. Numerical realization of the problem of
die pressing powder magnetic materials into the
form of hollow cylinders has been carried out
with the help of difference scheme of continuous
calculation as a Wilkins’ one.
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MOAEJIb YINNOTHEHUA NOPOLWUKOBbIX
MAHATHbIX MATEPUAJIOB

J1.A. Bapkoe, M.H. Camodypoea, FO.C. Jlam¢ynuHa
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. HensbuHck, Poccus

M3BecTHBIE MOJENN MPOIECCOB AedopMalMy MOPOIIKOBBIX MAaTEpHAIOB IPU YMJIOTHEHHWU B
npecc-popMe OCHOBAHBI HA PEIICHUH YPaBHEHHH ¢ 4aCTHBIMH qu((hepeHInaTbHBIMUA YPABHEHUSAMH.
B nacTtosmei pabore nmpeacTapieHa MaTeMaTH4ecKas MOJENb NPOIecca YIUIOTHEHUs MOPOIKa, OC-
HOBaHHAs HAa PEIICHUM YpPaBHEHUH C YaCTHBIMHM NPOWU3BOJHBIMH ABIKEHHs. YpaBHEHHS IS dJla-
CTUYHO-TUIACTUYECKOTO N30TPOIHOTO ITOPOLIKOBOTO YIIPOUHSIOMIETOCS MaTepHana HCIOIb3YIOTCS B
KadecTBe peosiorndeckux. KBasnHenpepbIBHAsS NOPOIIKOBAs Cpefia HMeeT HeoOpaTUMyI0 0OBEMHYIO
U CIBHUTOBYIO JieopManuio. UncieHHbIe pacuyeTsl YIUIOTHEHHUS B Mpecc-(popMe BBITOTHSIOTCS IS
¢epputoB, Sm—Co, Nd-Fe—B MarHutoB ¢ ncrnosp30BaHueM MeToza Jlarpamxka ¢ IOMOIIBIO pa3HoO-
CTHOI CXEMBI HENPEPHIBHOTO BBIYHCICHUS THIA YWIKHHCA. | paHUYHBIC YCIIOBHS 33Jal0TCS MUHH-
MYMOM TPEHHUS Ha OOKOBBIX TIOBEPXHOCTIX MaTpHIbl. CrpeccoBaHHbBIE H3AETHS HMEIOT (hopMy KOJIell.

Kniouegvie cno6a: nopouiox, MazHumuvie Mamepuasl, Mamemamuieckas Mooeis, npecc-gopma,
NIOMHOCHb, CKOPOCHb, YPAGHEHUE OBUIICEHUS.
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