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A Study on Warm Forging of Magnesium Alloy Impeller
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Abstract
This study focuses on the warm forging of a magnesium alloy impeller used for the fuel cell. The impeller has the very

complicated shape with sharply twisted blade and thus is generally produced by mechanical machining or casting process.

However, since these technologies give the high manufacturing cost or poor mechanical properties, the forging technology

is required to make the high-quality impeller with the lower manufacturing cost. In order for production of the impeller by

warm forging technology, the parametric studies using finite element analyses were carried out to find the optimal perform

shape of impeller. Based on the FE simulation results, dies for impeller forging were designed and the resultant forged

impeller was shown.
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(@) (b)
Fig. 1 (a) Photograph of an aluminum alloy impeller

produced by machining process and (b) model
used in FE simulation
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Fig. 2 Stress vs. Strain plots according to various
strain rates at temperature of 250°C
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Fig. 3 Schematic preforms and dies used in the FE

simulation of impeller forging
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Table 1 Summary of simulation results

O:Underfilling

@:Good Shape
Low Part

Upper Part | Middle Part

O

o (®|® 0 |O
® OO0 |0 |0

HEWNA HAgvepidsE 03,
E22E o 200ms, AEEE 250°CY =

dEgzz {f3essys

o
1
X

s 98
GRS
gatgich. JAet Bi
CERIEEREEER

ro fo, i

oX o oX
oo % oo
fo
4
=
1
o flo

T ot
(98] O_>:4

2
ofl
oX
2

=

=)
rlo
off,

N
==

fo o
o
ol
ok
SE
z
(]
ok

Y
N
By
o
Ho
rok

s
i)
°
i
o

i
o x
o 41 2 rn

N
Eﬂ"
oy 2

f
oz
ok
lo

¢

fEof X o A oox ro o
2
i~
N

2
&
52
ox L

29 Fig. 39 84 AHE Fig 4
, 2471 A2 98 2Ad f5%
2 4 9t} 53] CASE F
A dEy EByelz Ay
w S gko] @A oiTt. ol
4 A3E Table 19] A3k CASE D
b2 JhR quiAdgae] A, APz

Ht o
i
)
o
fu

0

T
o

&
N e
H ko

i

o

oy fle
o o
£

%
o WATT HedG
e 9 WYY

— S

miéimmimﬁrlrﬁrgt:_;mlmo:é
(23

290 /Bt 2N 713888 x|/H 163 H4F, 20074

=2

4

19 2

2 lorr
fi

oft rlo ot ot
)

mg jo i B

T odn j oo 2 N

e
=
L
st

Sh
2

N
—_

o ok DL o rE 1

2 &80 AgE
Table 1 o Azl® vpe} Zo] 6 71X
NAEA FEesdn A9
SAstA EElolErt el
CASE F °19lom, 154(kN)2] A& 38}lF o]
At

4
N

on. X2
do 32

o8 x

=3
Q@ ofi
o)
9
o o
T
o orr o &

,_,

lo
£
o
i
sk
o

© o
4y o 1R oft o Jn ki

¢
=]
%0,
)
L
i1 &2
B E

0, M
ol £
v
it
al!

ox, of
_?L
rir

b @,
imﬁ oft
o

oyl
)
o
i
o

@
X,
ol
o
sl

it
h)
ok

ZEAAE 249 uEugle] 9HH AFo|
7}5% CASE F 9] X Z2TE nigro g o|Folx
o} Fig. 5 ol frEessiy dg vgez 47
g 28 ¥4 et 2x4d F 3383
8L gzt o3

l

gtaa dn g F
& el CASE F & u
9 Fig. 62 A FG8E g

10 oft
o

Q_]:

=
RG]
)
o
o
)
i)
i
~
>
ob
_?L‘
32
kv

27 N8 R AFE AuAEA 43 ol E
o] &3 Ao HFHPLE Fig. 791 UEUHRN
o



T8 G2AYTES o8 ntadedEY JHds AxFHAT

(b)

()
Underfillj

CASE A CASE D

(b) (b)

(c)
Underfilli

(©)
Underfilli

CASE C CASEF
Fig. 4 Deformation processes of the CASE (a) A, (b) B, (¢) C, (d) D, (¢) E, and () F
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Fig. 5 Die design for the impeller forging
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Fig. 7 Photographs of (a) initial billet, (b) preform,
and (c) forged impeller
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