Preform design for powdered magnet sinter-forging process
with curved shape
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Abstract
Permanent magnets of Nd-Fe-B group have kept a key post in the permanent magnet market and used in
various parts. Tube Process is a process to produce permanent magnets using deformable tube. It is
difficult to manufacture permanent magnets from Nd-Fe-B green powder with the Tube process due to
folding resulting from high height reduction and localized densification. In this paper, preform design of
the Tube Process is carried out in the direction of reducing folding and increasing uniform densification.
Selective reduced integration scheme and directional reduced integration scheme are used to reduce zero

energy mode.

Key Words : =241, o v & A,

1. M2

Nd-Fe-B 7l 7242 1984 I A o= A%
3tE ol MA FTFAH AFES AEdE T
® A4 Aue BASAT, o r W 12
~15%2] o] A &HE Aoz HWEHiE= Fof
o|t}. Nd-Fe-B 7l A4 ] x4 A= W=
A o] Azl FEd 2dH o)W S Tt
2z ol Azl 23 GM Process % Lol 4

N

| 2 A4e] Al%7} 7Hsd HDDR W 5ol
iz, wuloll Al gl FH A Z(Tube Process)
| stk FEAzEe sEe] whgel vlate W

o

g 7hed FHE AREstel AEste ogstE
el & 4 9le Axgelrh o] HHE o &
ate] Nd-Fe-B 71 A4S Az & o= o
HIA A Z5E oF 70~ 75%2] Fo] ZAZE Fut
s FAe] dasdith ¥y s FHE AL
at7] wjiel FHO 43 #dFow st f&
AA WA o] ZHASHA H AL, Fo] FHAago] A7

A s}, g A%

X
Sh
g

o,
oft
__)‘J_:“
il
i
?
ol
2
HI
)
HE
oz
T ok
10 flo
r)f

(Selectlve reduced mtegratlon)
shaled, AAMPEFS AL skt 9101*1 A qk

A 5
#] 7} 4 H-(Reduced  integration)#}

NIA mEsk AA 5 9

A HBu2 HdEFA #7H4 < (Directional reduced

integration) Agate] sfAg ek giTh

2. O| =& TN

2.1 X[ 2h& A

WA o] FE S HAEHE ] Al 2 A
Bug g0 g3 e Al 12 BWE Y
°o & 9 g5 o oz Y g3
2o,

(o) = A0, + B = 5¥; =52 (1)



(8)
3

viPv

g A

b P, 2 wbrolAm RS

[e]

v B'"DBvV

&'Dé

~\2
£)
7|4 W P
ECIRERY

(

Zrol ).

1

<1
=4

&= 9

X

& Pyt A

0
il
!

%
)

4

2] = of
©)

P,+P,=B" D, B+B" D, B

fLN

)=]

o3} 7ol

-

ko)

D;% D, =
)

O]
®)

™

%

op

Ar

3|
S|

l

A

. L=
&y T

(10)

N

o

5}

11

, Py 2 AHA G A

0

e=1 et

-2

(6)

o}

-
T

| A]

A
=
0

=l

ENEE
- Ifi Sv,dr
Ty

& 66dQ

g

oD

B2k 5 (PIM) <]

ol

(12)

f1el 2(12)
al

E
o & A Stk 2 A(B)oA R

18 Fgo=A A
il
3

I<s

A

i
oo
4 o
o o
= T
ﬂmﬂ Ogo
il -
X! E
B Ar
e
—_— L O
N
Wy
w5

5}

2
=

A
=

o= T ol

iy

]il
Aoy &
kel

o | A]

(€]

ol ).

1
o | A]

=

3.
H

7 N o]z

a

;om
<0

}-

RER R

o

9/]

A4

]
il

K

—_L

8 =

1

L

=0} 7}

=

A AA

<X}

[s2

g9
52l

u=N"Tv
e=Bv

&3} ol U A F vk



7+e Doraivellu™e] 2]& Apg-319it).

A=2+p? 13
n=2p*-1

Aol AFEE AL 27 AudEE A
A AzA el A9 075 AL, Tl B
2K ABR FS] 27 ANEEE 0999 =
agste] siAe Faslth AREE A=Y &

= o]= AA AA A ZA] L]
=5¢l 700°C ol A A g Aot
T8 5=17245%"2  (MPa)
. 5 =89497£% (MPa)
uhd A 0.2 2 8hglaL, 7)eketA o
Hafo] AAmdol 1/4 7+ 8 A AY
Q405 AREste] A sklth. Cu]Ad @A) 9
2 X4E a8 1 9, 27 AA 9

ot
o

2 2 foomn N2 o

r2
1p

|

) 9 20 EASGT Frel 43
AAA Age nAer] A Fus
S

| Abolel e @ae wesA

&2
o
AR oy W PN

2

a9,
(Directional
a9

i I s

i
A
Hro X

v
rx
o%
X
2
o
)
Mo
i)
rlo
N
o
=
=
M 5
=2
[o ot 10 i
ok ol
)

5}
w@dow 9y 5o #

F A9 AR FES Bl FAA o Fof
AR S Fe Foltt AL Y et
AA, AAA BAE AL ¢ 5 A
a9 6ol 2 A e JUE RES v
B mokidl, Ame 5ol ¥U ¥ 5% A%

e FAS B X F ok A ANz

FAANM = FHeE AAA T Afelo] w1 F o]
B, FEe] s DS
A A E e FHARlS] mlIE R R AHSE A
A3 sjde] MEggds 2" 7 o, AuEE ¥
e Ad 89 77 mAST

4. 2E

E =EdAE FrAxds o8&d W7t
A8 A Alx FAoA e AR gAE fFHe
HAddds gstrzlaL, Adst wds ==
= AAstelow A sl FHARelef wl11H
A& g eide sAsglth 2ae B
A& 78, FHVETY 422 A Avs
Gaklar, FoARES WS s A
P Awe AFH AdALE AREste] @l
& T

[1] S. Kobayashi, S.I. Oh and T. Altan, Metal forming
and the finite element method, Oxford University
Press (1989).

[2] J. H. Moon, “Analysis of the three-dimensional
forward extrusion of sintered powder metal”, Ph. D.
Dissertation, KAIST (1992).

[3] K. Mori, “Finite element method of rigid-plastic
analysis of metal forming”, Int. J. Mech. Sci., 24,
459 (1982).

[4] S. M. Doraivellu, et al., “A new yield function for
compressible solids”, Int. J. Mech. Sci., 26, 527
(1984).

[5] B. C. Koh, and N. Kiguchi, “New improved
hourgalss control for bilinear and trilinear elements
in anisotropic linear elasticity”, Comp. Meths. Appl.
Mech. Eng., 65, 1 (1987).



‘ &
0’0‘0
XY/

%
0
W

-\

NN

)
/%
\\‘:::

N —
AN
N\

N
A\

AN
\NEANEA
.

TYPE Il

Fig. 1. Initial finite element mesh of preforms.

TYPE Il TYPE IlI

Fig. 2. Initial slopes and surface radii of curvature.

Initial 40% HR 65% HR

Fig.3. Initial and deformed shape of TYPE I.

Initial 40% HR 76% HR

Fig. 4. Initial and deformed shape of TYPE II.
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Fig. 5. Initial and deformed shape of TYPE IlI.
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Fig. 6. Comparison of the relative density distribution
for 65% HR : (a) TYPE I; (b) TYPE II; (c) TYPE Il
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Fig. 7. Initial and deformed shape for the case of
considering two-body contact between powder magnet
and copper tube.
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Fig. 8. Relative density distribution of the P/M part for
the case of considering two-body contact between
powder magnet and copper tube.






