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Abstract

Recently, Multi-strength hot stamping process has been widely used to achieve lightweight and crashworthiness in
automotive industry. In concept of multi-strength hot stamping process, process design of tailor rolled blank(TRB) in partial
heating is difficult because of thickness and temperature variation of blank. In this study, springback prediction of TRB in
partial heating process was performed considering its thickness and temperature variation. In partial heating process, TRB
was heated up to 900<C for thicker side and below Ac; transformation temperature for thinner side, respectively. Johnson-
Mehl-Avrami-Kolmogorov(JMAK) equation was applied to calculate austenite fraction according to heating temperature.
Calculated austenite fraction was applied to FE-simulation for the prediction of springback. Experiment for partial heating
process of TRB was also performed to verify prediction accuracy of FE-simulation coupled with IMAK equation.
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Fig. 1 TRB Hot stamping process by partial heating

Low strength part

AwbAQl Faly HEo Az dFe K- 7] we] AZ Mol A EAZ Azl
V4| d} ol 43 A0 EH[5] To] AMgHT) WAsE7] flsi = BEgk o So] Aoy, olF
ojglgt REl2 WtLLo] mE AEES Attt e LzHUolES] &S5 Fste Ao F
Zhzrel Aol Wigh v WAHFS adste] 22 a8ttt
WS o S3HA fr) g Lee S[6] oS5 HHEE
S FEA717] fleke] AEE A EEE ARk 2.2 LAHLUOIE &8 0=
AR 7L AZ el n A= ] w3 A= T AFolME LiEYelES £&S o587
sttt shAIRE 71E9 AGES FE dubAel g AslA IMAK 22 o] &8kt IMAK 22 34873
25 e dis FRHL o, o|F A= 2SS BARE AR Jhdolge wE o
A5 A F="sg FAQdd i dae 758 A ZHUolEe] &S5 A5 + dod A (7
goltk o] Aejet.
kA 2 Ao A = TRBE o438 x457td & _E
swg gAY sxug oSSt 237 Xfl‘exp(‘A't”'eXp[ﬁD ®
d BN aAe] Fewd we o= °
Hgo o)Za slo] Eastth O s Lpo]Ee] 2 o714, n2 Avrami A=, A WX Qb B AW E
& =2 Johnson-Mehl-Avrami-Kolmogorov(JMAK) o Bash &Agsk oluA, t= 7k AL RS V1A
Ao AgEYT 1 ATE G Ao A Les) AF(8.3143)/K - mol), T.= 71€ =&%Zo|t}. IMAK 2
At} SaardM AN A=37] 98 TRBZ o] A Q’Eé}ﬂ_%’sﬂ’ﬂlﬁ: 7td 7o WE 2
18 TR H2WY WYL FAsgon), o SHAHOIE wES SHe] S
= 9 A8 A7 6w 37 B AFdME QAHUolEY &S SAHE
A8l 7tEE APES S sl A" vi=
2. AZEH g Aol ES] #&S S AHUE B&E B3l
b mlEdEAe]l B &S A7 fa] LePera
51 271”9 TRB StAEHD 2 X o IS olgstglon, AR AlFHS] mAxF
2xole TR S~w® 24O Fig 10 w43 & 38}& n| 7 (optical microscope; OM)S o] -&3}o]
3tt). o] ZAL TRBY F7] #Azjo] wa 7 eks) Zalth & RE IMAK 29 44= Table 10 e}
g WY S Aa g 2w A e I
s4es FNE + dn =77t TRB StaH)
2 2A A TRBE @EA oz &% o7t 715d Table 1 Material constants for JIMAK equation
A7125 ol&ste] 7tddr 7M1 2Als 582 Material constants Values
& ol A Wz FAld st HF n 0.58

AFS WS Bk ST, TRB7L FHobdE A 2.19 x 10°
ol AZERE AA o sHto =3} B4 o EQ/mol) 20247 10°




398 AtE
1.4
—  Austenite to Martensite
—  Austenite to Banite
12| — Austenite to Ferrite / Pearlite
— 1.04
S,
< 0.81
o -
= Heating
[
c_"'u' 0.6
5
0.44 Cooling
0.2
O T T T T
0 200 400 600 800 1000

Temperature [°C]
Fig. 2 Schematic illustration of dilatation according to
phase transformation[8]
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Table 2 Conditions of FE-simulation

Condition Values

Material model MAT _106 MAT 248

Blank size [mm] 300 x 260

Thickness [mm] B

1.3 1.6
Blank temperature [TC] 700 900
Poisson’s ratio 0.3

Convective heat transfer 20

coefficient [W/m*-K]

Interfacial heat transfer

- ) As function of pressure[10]
coefficient [W/m*-K]

Friction coefficient [J] 0.4 [11]
Transfer 6
Process Forming 5
time [sec] | Quenching 10
Springback 1

Fig. 5 Experiment setup for TRB hot stamping using
partially heating
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Fig. 6 Measuring point of spring-back
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Fig. 7 Comparison of temperature history between FE-
simulation and experiment

ZF Aol 1L99e 900T, A9 700T
2 687 7tdaloitt. 719 TRBE 6% ool
FToR o]FHa, T~ B G o AP
Att 4ol ¢ku® TRBE Wzbajdoe] Axd &
ol o] FiEs] WHEHES ST

3.3 AZgu =X

4ol u® AlHe Y =AUE o] &3
FAs SAReH, AFAA 2= HuE

NUMISHEET’93 "l x|u}= FAol A Holdt ~

3
=z QxE o gelgith. F¥ /b TRE Fawd
2L olgato] AgH AFe AS, LR, A
e 1)



400 AitE - AAE - e
100
- I FE-simulation
- (| Experiment
98
T n
o 9%
i=) I Target angle 95°
c e — — — — _
m -
S 9%
© L
Q L
[S)
[ -
5 92 r
m —
N ==
0

0.

0.

0, 0,

Measuring point
Fig. 8 Comparison of amount of spring-back between FE-simulation and experiment

fretasdide] oF AdEE HHHe= Ut
a7] §1siA A ER-e AFER-e] 2k ol¥S
Hlaslgd o 1 A3bE Fig. 791 YERRAL &=

SEERIERY

A 2 Y Ade fAE
EFetA] &

E7h A Adng 24

—

o

r
Al
ro

o o

—

flo ¥
=Y

b o
o 2

¢
o mQL'
jaes

¥ ol iy
N, ot
(o]
52
Mo
Moo 4
%
) N
£ 3
e

|

£

oz

T
==

N

rl—E_.b
N
Z_|

¢

Ho

4 1o

D= |

1

%)
i

o S 2 4
[
S

Lo
o

r oo B o
iy
o

£ o

ox B~
[0 my
KU &

)
o 2

ol
o

ng
N

N
-

>

=
av
i,
o (e

)

A B [ N
R
1%

=

¥ Rl

to S

ol
=
o

BN
o

2

o
o,
£

to
[>

=

flo

ia}
b
o >

>
&
ol

P

3z

HLo}

(v

KN
=

4 K
o 1ot

e 4o
oo o

=

(No. 2012R1A5A1048294).

(1]

(2]

REFERENCES

S. Y. Lee, K. Lee, Y. H. Lim, W. C. Jeong, 2013,
Study on Heat Transfer Characteristic in Hot Press
Forming Process, Trans. Mater. Process, Vol. 22, No. 2,
pp. 101~107.

M. Merklein, M. Johannes, M. Lechner, A. Kuppert,
2014, A Review on Tailored Blanks-Production,



[3]

[4]

[5]

[6]

ol

FRa e

Applications and Evaluation, J. Mater. Process.
Technol., Vol. 214, No. 2, pp. 151~164.

S.J. Jeon, M. Y. Lee, B. M. Kim, 2011, Development
of Automotive Door Inner Panel using AA 5J32 Tailor
Rolled Blank, Trans. Mater. Process, Vol. 20, No. 7,
pp. 512~517.

J. S. Kirkaldy, D. \enugopalan, 1983, Proc.
International Conference on Phase Transformations in
Ferrous Alloys, Metall. Soc. AIME, Philadelphia, pp.
125~148.

P. Akerstrom, M. Oldenburg, 2006, Austenite

Decomposition during Press Hardening of a Boron

Steel Computer Simulation and Test, J. Mater. Process.

Technol., Vol. 174, No. 1, pp. 399~406.

M. G. Lee, S. J. Kim, H. N. Han, 2009, Finite
Element Investigations for the Role of Transformation
Plasticity on Springback in Hot Press Forming
Process, Comput. Mater. Sci., Vol. 47, No. 2, pp.
556~567.

g 3

o Al Tailor Rolled Blank®] A3 gl o =

(7]

(8]

(9]

[10]

[11]

401

J. W. Evancho, J. T. Staley, 1974, Kinetics of
Precipitation in Aluminum Alloys during Continuous
Cooling, Metall. Trans. A, Vol. 5, No. 1, pp. 43~47.

H. H. Bok, S. N. Kim, D. W. Suh, F. Barlat, M. G.
Lee, 2015, Non-isothermal Kinetics Model to Predict
Accurate Phase Transformation and Hardness of
22MnB5 Boron Steel, Mater. Sci. Eng. A, Vol. 626, pp.
67~73.

P. Hippchen, A. Lipp, H. Grass, P. Craighero, M.
Fleischer, M. Merklein, 2016, Modelling Kinetics of
Phase Transformation for the Indirect Hot Stamping
Process to Focus on Car Body Parts with Tailored
Properties, J. Mater. Process. Technol., Vol. 228, pp.
59~67.

M. Geiger, M. Merklein, J. Lechler, 2008,
Determination of Tribological Conditions within Hot
Stamping, Production Eng., Vol. 2, No. 3, pp. 269~276.
LS-DYNA Keyword User's Manual, Vol. 1, LS-DYNA
R8.0



