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Abstract : A virtual manufacturing system that is composed of JMatPro, a material modeler and DEFORM ™-HT, a
finite element package is applied to the hot press forming process: high temperature material properties for each phase
such as flow stress, elastic modulus, Poisson’s ratio, thermal expansion coefficient, in addition to TTT curve are
predicted by IMatPro and taken into DEFORM™-HT to predict the material behavior considering phase transformation
and heat transfer simultaneously. In order to verify the accuracy of computation, the residual stress and the springback
were compared with the experimental measurements. Both the predicted and measured principal residual stresses and
amount of springback were in good agreement. It was also found that the residual stresses generated from hot press
forming are not negligible asit has been generally assumed, although the springback deformation is quite small.

Key words : Hot press forming(st 222~ 32 5]),Virtua manufacturing(7}1d 284H), Boron steel (2. 27, Material
properties modeler(| & &4 = 2#), Elastic-plagtic finite element analysis(§r44d -3t 2.4~ &ll4), Residual
stress(ZH5- --2), Instrumented indentation test(#] %33} ¢ A1 &), IMatPro, DEFORM ™-HT
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Fig. 1 Temperature vs. time diagram of the hot pressforming
process”
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Fig. 2 Hot Press Forming Process: (a) heated blank starting
to form and (b) quenched and unloaded blank
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Fig. 3 Theoretica surface morphologies around the contact for (a) tensile, (b) stress-free and (c) compressive stress states™
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Fig. 5 Position for the residua stress measurement
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Table 1 Measured residual stressin z direction(o,) as shown

inFig.5
Tested Blank | Cold Forming | Tested Blank | HOt PTesS
Forming
RT_001 -313.3MPa HT_001 -685.8 MPa
RT_002 -311.8 MPa HT_002 -686.6 MPa
RT_003 -306.1 MPa HT_003 -693.9 MPa
Average -310.4 MPa Average -688.7 MPa

ARk A $Hol B $2 FEY Pt ek =
3, ol %Al 3 Wb 4F A S o Ze
o)

ZE Aue] WS FFe vE 5 dok?

3. JhaMN DYy

PIEL PSR R R TR

42 g15te] WA MatProol HEZS] A3t e
FuE, A9 271 52 4G

Step -51

Fig. 6 Finite element model of hot press forming process
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Fig. 7 Distribution of (a) cooling rate and (b) temperature on
the blank at the beginning of quenching
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Fig. 8 Volume fraction of martensite depending on the
performance of quenching time
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Fig. 9 Volume fraction of martensite depending on the
performance of quenching time
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Application and Verification of Virtual Manufacturing to Hot Press Forming Process with Boron Steel
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Table 2 Experimenta and numerical residua stress in

z-direction(co,) at the position shown in Fig. 5, and
springback angle(d,) (HPF: Hot Press Forming, CF:

Cold Forming)
Experiment Numerical | Variation (%)
o HPF -689 M Pa -715MPa 3.82%
| CF -310 MPa -272 MPa 12.1%
0 HPF 61.5° 62° 0.8%
| CF 63.5° 64.6° 1.7%
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