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Abstract

This paper is concerned with the comparison of forging characteristics between forward and
backward processes, through the three-dimensional finite element simulation, for the aluminum
powder forging of engine pistons. Starting from the theoretical formulation of velocity and
temperature fields in the sintered preform during the process, we examine the comparative
distributions of relative density, effective stress and temperature as well as the variations of total
forging load and total volume reduction. Through the comparative results, we find out that the
forward method provides better forging characteristics than the backward method.
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Fig. 2 Shapes of yield surface

1.0 p6
o 1< 3<{pd< 6=1.
S 0.8 p1 < p2 < p3 < pd < p5<pb=1.0
&
‘o
)
e

0.4

ol p2 p3 pd4 45
0.0 | S W S 1
0.0 1.0 2.0 3.0 4.0
Li/ Y,

Fig. 3 Yield function for various relative density

levels along J, and I;

get (=1, £()=09 BAZ A0S Fig. 1]

Aok e e 2AL T,

A9 Figs. 29 32 R FEAL ALg3ol 4

YEEe WHo] e FRPF nme) g
7

574589 olRdoz A4S s(g= o o

2 o2 44 Tdds e $39Y

(=2l ool theel 74 wAAg 2=
y

e= A 3c,s+2f, - tH{0)8;], A=0 3)



2044 z3 -
o 71A w24 AE Euler theorem™} AAWH™ o
YA w=o0;e;=poe)d o1& A= 2—2%— A7
Hu o8 fE28H e ol&d 2o 59
JE AT AY dEEFN H5d S BA
Ag T F
~_1712 1 !
5—0[36 ee+9frtr(e) 0
(=2 () )
Mg #& S F&2 UYEY FAE Y
el Norton-Hoff BAAYE 7184 717 &
A4 Azl gFslo HLsd g 48 gt
o=kV3(V3pe)™ (6)

E

714 me BHE U7 S(strain-rate  sensitivity)
g Uudg, 4 $4 FED FAREA0)
of A&std ofgfo AL It

=gy [ sh g mas) )

ol obdls} gol oo B oz wiE & ok

0=3k/300)" | L érg- D8] ®
ool ge thed BN P4 WYL

7HA " AE HAA EAZ AAgdn
TR 0, + fi=pu;, in 2 )
A5 A4 . ei=(u;;tu; )2 (10)
T4 FAAGE EH):

. pe[ 3¢ . )

c 20[ st+1,+ tH 0)9; (11)
$EUYE: E=% E%— é e+9—f—tr( e)] a2)
BA 23 om;=0, on 32, 13)

(u—uyz,)  n=wu,- n=0, on 34, 14)

RRELE
u q~1

t=—askc, clf3 u, on 3R, (15
A5 p=—p o)

=—3frpzr§t7(a), in 2 (16)

ANA 4} ugs A5 thole fEuHE

dehdn fE AR, ee dNddAe] dud

52 yelig, oda 9 ¢ 9 ]H]}\-lﬁ:]xﬂ o

d8 9= AEY thold AAFRL Y

b thole] HIHE REQ 509 HE BEQ

Q.02 T
5 2 AAYY A9 HAEEHE

PADAKel

BT 2159 vt2A S Chenot 50 93] Al
ot AzEFE wbd HAEgEoR 4= viEA
k (=0, exp(B/ D/V3)e A8¥F, 181
nndE £59 U2AFE Yepdh

€ vhepuith

A
T

Q=

Gx7E A tholet As Lol
A Tx; 02 a9 AAA-=7]|2 EAZ

Ly

an
(18)

=hAT—Tep),  on 32, (19)
(20)

€3]

on 32,
on 982,

=4/(=| T/H usl)’
= hw/ti( T— Tdie)s

A7 x, 0, A2 BAREERE, 2L, ude
el g5 ¢ (heat source)olth, 28l T,
< R2EE Yy 9 49 p 2 e
Zol diFe A AA 3 Jefojrt,

z1&

ho=het+e, o6 T+ T,2NT+ T, 22)



sR2s 94

tlo

AN p= AFAT, e, BAME, 28T o,

= Stefan-Bolzmann’d<7olth. 4 20y A5 of
olg] whdl 9% A F&%& YeEhI® a,= A
F.9} tho] Alojal dAdA G0l

>
O
&3
il
O
O!D
&,
_Q
_\;
|
o
B
rBL
_\1“‘

VQ={W:We (H'(DP | W,- n=0,0n 32}
24

2z Wiyt £gdE WEAS Simo 5P o] Al
Adek HaFA S5 yeR & ol&d Hed
A WEAoR Yeth

Find { ue V(Q), ye R} such that ¥V We V(Q),
[fodw W+l 9o+ ot Nde

= [(f-ow - Wag+ [ v, Was (25)

5 Al 4(isoparametric) 324 7IATSF NS

B3 =N g,={u], u}, us} T & &=
F& Fea A s o 2ok

B Y2E Puoz 34 54 24 2045

I=Ku—F=0 27

A7) g A9 FEdE R "o
Ao uiAE PP chgd} gol A¥3fetn

Newton-Raphson ¥WHE71H& ol &35lo 7z} dA] ¢

(=1, 2,0, N)OIA & 3] Wzbch
27=0; K Ad=nF
_ (28)
—k k=1 -
u u +2 u
7+ A el 4= AL 2 HE 9
g HESISE g FEEA0R ARHEH.
Il 6uJL _LeF* | -
b S Ty @
A71A || - [I55 Euclidean norms 97| gt}

g&oz 223 HEFTE WMQ)=H(Q)
2 Aostn HAIXEZ Sem)E TH
divergence ©|2& o] &3t ThEn L WHE
S der

Find {7« W)} such that VSeW(Q),
f_Q {pcTS+xv T vS}dR+ fmhc.,TSds

+ ] o JraTSds= Joanosesae GO

+ [ hrTSds+ Joo (s nu TadSds

Az o]t 9Bt XA A AFE ThE
Zo|l N/ #gd FHeR Uw F, Aot
sto] Qo] tEAQ 7MY Crank-Nicolson &
ojgal Z+ ANzt FHeAe 2xFE & 2
ol A¥st At

at=¢t'N, t"=t+at @3y
Tk+1/2=( Tle+1+ Tk)/2

Tk+1/2:(Tk+l_ Tk)/At



2046 239 -

@) £E33 gol BAF #
Azt ol LG EAol 445w
2z AEBHez @ge 248

k=3
Crank-Nicolson-Galerkin 5294 A& 4 glt}

[M+—§—fK] _Tk“z[M—% K] Tt atF

od714 F*V= py1/2 AAoAY sEuE
oln ¥ M Kl oS3 Zo] E¥Ed.

[M)= [oc N'do (34)
[K] = [xvN-YNd+ | h, N Nds
| b wna
S N” Nds
of #ANe FRAAYA FUHEL BAHA
o, H@84 Az A7|ek AlZF 2 (time-step)©)
AAs AAHK god AzhEgol] glo] FEo]
T TAREGE opZ|sn) olHF £XHA EA
AU N 14 Aol U A4S Wge #
d (7)), §) FHact

e

B dT7oA A e 3 A gl
92F 9 9AF INE Fig 49 ZHHINREE).

Ao A8 Az BT FAHIE Al
-4.5Cu-0.8Mn-0.5Mg-0.88i2  ©]& A £20149F A}
3 AFS Bt aEE 59 BAARZ
A 020143 AE33IT

=]
Ria

Fig. 4 Final shape of 3-D engine piston

‘A9z

of#o] Table 12 AZ EAX9 3
€3 o4 diojglg Jehdth 53 n Wy
= T=371TC, e=0.05Yujo] grolch
T dxFAAAY AFGAE A 3
Ae 2719 FRLEst 088%0|0, A &
A3 P4& g e

it
2
ol
H

T e dxE AT A AH
vz A8 2¥d {382 AXE JeEnn
et

Table 1 Data for numerical simulation

Material Data A £2014 Die

Heat Capacity( N/ mm? - C), oc | 29036 -

Heat Conductivity( N/ s+ C), x 155 -

Convection Coefficient

(N/s-mm- C), h, 0.02
Boltzmann Cocfficient "
(N/s-mm- C), 0, 5.669 <10
Eemissivity, €, 01 | -
Heat Transfer Coefficient
(NJs- mm~ T, hya 11.97
Initial Temperature(C), T} 400 200
Yield Stress, 0y 69.59 -
Strain Rate Sensitivity, m 0.116 -
Friction Factor, @ (q=0) 0.3 03
Simulation Data E;Cr];zz;d g)?tm’;’;
Time Step, A ¢ 0.0028 |0.001
Convergence £y, €f 0.005 , 0.05
Environment Temperature(C), T, 20
Die Velocity( #m/s) 40 40
Initial Relative Density, o 0.8

Fig. 5 Shape of the sintered preform
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