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Analysis of Hot Forming Process
with Flow Softening by Dynamic Recrystallization

W. Bang, C. S. Lee and Y. W. Chang

Abstract

The change of flow stress due to dynamic recrystallization during hot forming process is investigated.
A series of mechanical tests has been conducted at various temperatures, and constitutive relations and
recrystallization kinetics were formulated from the test results. The effect of dynamic recrystallization to
the flow stress was implemented to a commercial FEM code by conditioned remapping of state variables.
The datum strain of stress compensation was optimized to minimize the overestimation of forming loads.
Suggested datum was formulated as an exclusive function of critical strain for recrystallization and

validated by mechanical tests and microstructural observations.

Key Words : Hot Forming, Flow Softening, Dynamic Recrystallization, FEM, Critical Strain

1. M 2

9x FoE UEHE 138E 58 48dAe &
3] Do A mH e HEE P SEE2A ol
o] wAEA Hh §9, to] Ho &Yl ug
wao] FEH ool Miz o)eidt Fade] g Aa=]
3 Aol Y Ey 2 FH dgddde) o
B fE588s HAarn AgAed 2 dds Frb
ol T4 AAAL WY ¥ uE AYLY=Ar}
TF5#Eo] Ho] Aot AR FE-SHe =y
2 A22E Ve E AR #FA 2 Al A gE 5 o
o pxg AR FggeA FEHY dAsrT
2 294 o’ g nexsd W vo A

Egsihista FT AR AL

-

oJelE M= olele THAY AN WIT FAR

AZE BEHolE & 4 gl
Q.

g AdEol & By ATATRS ARy F2
54 444 29 fRerdY 5= 22 O A
Agale] 4FAe AAY Tv|9h 2e M2y EXE
d &35, o8 B3 K Ue HE B4L Q7 9
AAste] AZE AN U FHo] Fold H2 B
GRS Ak e Zol| LAFHE

FOp
o
v
o
i

S8 aHol AFsT mA=
o2 AFHQ o] B AA o)

3 fEasdd Sof AHARA|EE Fd o
B} HH3E 8]HF solver o Y 2 PC Y

s Mg SkEX| /A 108 A2:E, 2001\d/137



i)

ek A 2 2 dis) FEXS ALkl 7hsEA w
Bk A AR E] @A JEEHE EA47,
Database (°]3} MDB) ZHolA<]
A7y 4 Age 3A Pex|A|

Aot 22 Mg TEsie] B delA
A3 AAE ZAA A 9 FAEEAE AA

-4
A
o

ol
ob
=

22 S

-H ok,

i)

BN

2 A b
2 e &)

4

&

. oo
it
=
i)
o

riu

i)

2
oM e
o2 ox ux
- 'F .

o
i o nZ
rr o ot 1> o

é= A"(sinh B'o)" L

sl
A

g o)Ed FAANANES BF £ 0 59 AA
o2 P2HEe ¥ (external variable)Z X HE A
o2 A5y Bt ©Fre ST AR
Eg#l ATAo] HFarhe
Chang 5o s} A€
o] 7|2 AHFFel
3o

s

FEo] Ay YR
o mod 2elH
gom, olde ATE ol T2A
Aol dEHo Hew u o,
Fig. 1(a) 9 22Zo] rl nje} o],
Aol Lo Z(AAUA, NAE 5)g
Az oA AAAeZ Jojihiz H9)e] &3 (accumul
ation)?} ]9 HZ(leakage)A AT hro] A7
G glon ojzle] nedwo|Re] ZEA WY

7157k Ak

v 3
T

Aze] ]

s
EgskaL 9

frooXx

3
=4

138/8 =AMk 8= xl/4]108 A2&, 20014

a
S aly\
Y L LdlL
TTT T ~— 4%
J
(a)

Q

Fig. 1 Models for inelastic deformation:
(a) dislocation model, (b) rheological model
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Fig. 2 Design of Seibel-type compression test
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Fig. 3 Shapes of specimen after 50% compression
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Fig. 6 Results of compression tests
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Table 1 Optimal datum strains at various temperatures

opt g €
750 C 0.44 0.41 0.23
800 C 0.30 0.35 0.18
850 C 0.28 0.31 0.15
900 C 0.24 0.27 0.11
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Fig. 12 Strain at maximum softening rate
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