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Mold Temperature Analysis Method of Hot Stamping
Die Based on Actual Flow Field
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Abstract: A mold temperature analysis method for the hot stamping dies of complex formed parts considering the
influence of different flow field distribution is proposed. First, the convective heat transfer coefficients at each node of
the cooling water pipe wall were calculated by Fluent flow field analysis, and the influence of the differences in the
flow field distribution caused by the water channel structure on the heat transfer capacity was considered in this pro—
cess. Then, the processes of sheet forming and holding and quenching were simulated by LS-DYNA to obtain the tem—
perature data of the blank. Finally, the A—pillar side beam was used as the research object to compare the simulation
analysis results with the actual cooling effect on the hot stamping production line. The results show that the distribu—

tion of high temperature areas in the analysis result of the mold temperature based on the flow field analysis is consis—
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tent with the actual measurement. The maximum error at the 12 temperature monitoring points is 3.6 “C,and the aver—

age error is 0.96 “C. However, the temperature distribution and the maximum temperature difference point change in

the simulation using the average heat transfer coefficient. The maximum error of the monitoring point is 9.1 “C,and the

average error is 4.96 °C.The comparison between the simulation and experiment shows that the change of the flow rate

has a significant effect on the heat transfer coefficient, and the mold temperature analysis method based on flow field

analysis takes into account the effect of the differential distribution of the flow rate in the cooling channel of the hot

stamping mold , which can be used for the analysis of mold temperature of complex parts and multi—cavity molds.
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Fig.1 Local water channel of cooling system
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Fig.2 Temperature analysis flow chart of hot forming

die based on actual flow field
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Tab.1 Thermophysical properties of water at 10 °C

2 Bl

B/ (kg m™) 999.7
/(T kg - K) 4196
PER/(Wem™-K") 0.580

FiE/ (kg m™+s™) 0.001 306

Wall Heat Transfer Conefficient
Contour 1

1.08e+004
1.03e+004
9.90e+003
9.46e+003
9.02e+003
8.58e+003
8.14e+003

7.70e+003 =
[W-m2-K']

B3 xFiRAE ik Ry A
Fig.3 Cloud chart of convection heat transfer

coefficient distribution
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Fig.4 Distribution of convective heat transfer

coefficient on profile line
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Fig.5 Hot stamping flow chart

32 BREGE
3.2.1 A FRTAEA ) 2

H TR 2 B R 7 50 - =
P B AL AL, 53 0] LIS BB LI A4, 5
i) 8 X EE A L AR v 5 B AL e RE A, (HUn Ty
HAZBR, HAEEALIN T ASCUARA A i AR
B, RAEAL . BEREZS A i  Te HE
TF, AT LAFE RN THERE Y[R s, 75— B B B S8
“BEIEZ” VRN 45 B KA R T 9 K A
R HARI, SNSRI/ INI BT R DA = SR A
FEEE, (R E 244 A EE A 1 19 50 R LA
D ATE B PR IT IR = AT SR B SR RS
JE B, A% HLAAR RS L3k 2.

DL BSR4 e Bl T ) D) T P A 34 LT
HHA B FE RS XIR A AR, PIASAALS  nE 6
K 7 iR,

B 6 HIRFAEAER
Fig.6 Overall mesh model
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Fig.7 Mesh model of cooling water channel
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Tab.3 Convection heat transfer coefficient of local node

X/m Y/m ZIm h/(W em?-K™)
-9.603E-01  2.661E-01  -5.541E-02 7.295F+03
-9.607E-01  2.668E-01  -5.674E-02 7.388F+03
-9.618E-01  2.656E-01  -5.491E-03 7.539E+03
-2.646E-01  5323E-01  -8.205E-02 1.668E+04
-2.891E-01  5.385E-01  -8.041E-02 2.503E+04
-9.081E-01  2.032E-01  -1.329E-02 5.810E+03
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Tab.4 Relationship between heat transfer

coefficient and parameters
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Fig.8 Temperature versus time curve

B9 ARDEXRKEMEES A
Fig.9 Temperature distribution on the back side
of the big head of the A-pillar side beam
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Fig.10 Distribution of temperature monitoring points
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Tab.5 Mold tetrahedral mesh quality test results

KEmm £Emm KFEH AR RYERE
AT HE
<0.5 >30 >5 >0.6 <0.5
RREH 91 819 92 122 282 157 804
&%  0.001 0.133  0.001 1.982 2.558
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Fig.11 Comparison of analysis results of

two simulation methods
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Fig.12 Temperature and error value of each node
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