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Abstract

Hot stamping, which is the hot pressing of special steel sheet using a cold die, can combine ease of shaping with high
strength mechanical properties due to the hardening effect of rapid quenching. In this paper, a thermo-mechanical analysis
of hot stamping using the finite element method in conjunction with phase transformations was performed in order to
investigate the plastic deformation behavior, temperature history, and mechanical properties of the stamped car part. We
also conducted a fully coupled thermo-mechanical analysis during the stamping and rapid quenching process to obtain the
mechanical properties with the consideration of the effects of plastic deformation and phase transformation on the
temperature histories at each point in the part. The finite element analysis could provide key information concerning the
temperature histories and the sheet mechanical properties when the phase transformation is properly considered. Such an
analysis can also be used to determine the effect of cyclic cooling on the tooling.
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Fig. 1 Hot stamping illustration

Table 1 Thermal properties of boron steel at various
temperatures[16]

Thermal Temp. 400 | 600 | 800 | 1000

Conductivity | wmK | 39.8 | 343 | 264 | 27.2

Temp. 400 600 800 | 1000

Specific Heat
J/IKgK 590 741 821 821

Thermal Temp. | 400 | 600 | 800 | 1000

Expansion

Coefficient | 10%/K | 1387 | 1472 | 1211 | 1367
AdAFE o 650Wm?KE AFE3HTh v, 1w
2740 94 54¢ £ 4 ® 13 2ol
F7)5kvH16]. =3 I APYLS nyste] vt
2o oF 039 IS FEaglon, oju TAHE=
AR EAL VS0 d7d AnE wEoe=
Fzsto] 428359 thH16~20]

. A h )
<k BXE YEa dvk 5 gl diE
3B/ A= WAHE S AT 5 o, 2
Aol gud AE ()¢ nluste] & W, ko
RHE G Adels o 5 17, 20].

T3 2 B¥xo A, #AV Eu RS A
Foa@e WA HFets dgelA 1 ew A

126 /et 24713 s X[ /M 22¢ M 3%, 20134

(a) Thinning distribution
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(b) Temperature distribution at end of stamping process

(c) Experimental result of mini size car part
Fig. 2 Calculated and experimental geometry of hot
stamping process
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Fig. 3 Calculated temperature distribution after
quenching process
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Fig. 4 Calculated temperatures distributions at various
process times on the blank part
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Fig. 5 Calculated temperature point tracking on the
blank at the hot stamping process
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Fig. 8 Calculated temperatures distribution at various
process times on the die part
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