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Analysis of the cooling system for hot stamping die using CFD
software

Hot stamping is a technique to combine the metal sheet forming process with
quenching process. The strength of panel part can be increased by 2-3 times after hot
stamping process. The quality of hot stamped panel depends on the distribution of
martensitic microstructure. To form the high quality of martensitic structure steel, the
uniform cooling rate on the die face is needed. In order to know the cooling system
effect on hot stamped panel, CFD software was used to analyse the cooling system of
hot stamping die. The cooling system was firstly employed in a flat-shaped tooling.
The simulation model including hot stamping die, workpiece and cooling channel was
built. The effect of the heat transfer on the quenching process was also considered.
Parameters of distance between cooling channels, the distance between cooling
channels and die face, the temperature and the velocity of cooling water and the
length of cooling channels will be discussed. Results indicate that the CFD software
can be used to predicate the temperature distribution of die face during the quenching
process. The die face temperature will then be used to analyse the phase transition
temperature of steels. It is hoped that the results obtained in this paper could provide
as a reference for the cooling system design of hot stamping die.

Keywords: Hot stamping, Cooling channel, Heat transfer, Finite element analysis
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/Research method

A flat-shaped tooling with four cooling channel was designed to
analyze heat transfer of die face. Detailed configuration of tooling is
shown in Fig.1. The simulation parameters is shown in Table 1.
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Fig.1 The setting of hot stamping tooling

Table 1. The Simulation Parameters
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Fig.3 Temperature distribution of test sheet, 60s after heated sheet put on the dic
face under the conditional of cooling water velocity of 8 m/s. (a) 15B22 (b) S450
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Fig.4 Temperature variation of test sheet during hot stamping process under the
conditional of cooling water at 25°C and the velocity was 8nv's.,

(n)15322 (b)sésc

Fig. 5 Temperature distribution of cooling channel in the case of inlet

f 15°C ., 60s after heated sheet put on the die face under the
conditional of water velocity of 8 nvs. (a) 15B22 (b) S45C

The temperature destruction of cooling channel, and the temperature

Material of sheet CSC-15B22 S45C
Sheet size 300 x140x 2 (mm)
Initial temperature of sheet 900°C
Material of Die SKD61
Inlet Temperature 15%¢ 25'C
Water velocity 8m/s
Turbulence intensity of water 7.03%
Turbulence intensity of air 5%
Heat Transfer Coefficient (W/m? « K) 8
Air cooling time 10 sec
Contact time of upper and lower die 50 sec
Elements 730000
The distance ber\vtzgnf acc(;oling channel 20mm
Distance between cooling channels 40mm

Results and discussion

The inlet temperature of cooling water and the material of sheet
panel were firstly set as the main parameters in this simulation
study. The velocity of cooling water was set at 8m/s in all case.
CSC-15B22 and S45C were the test materials. The temperature
destruction of die face and cooling channel, and the temperature
variation within the time in the case of inlet temperature of 15°C
were shown in fig. 2 to fig. 5.
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60s after put on the die the of cooling water
velocity of 8 m/s. (a) 15B22 (b) S45C

within the time in the case of inlet temperature of 25°C were
shown in fig. 6 and fig. 7.

(b)S45C
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Fig.6 Temperature distribution of cooling channel in the case of inlet
temperature of 25°C , 60s after heated sheet put on the die face under the
conditional of water velocity of 8 m/s. (a) 15B22 (b) S45C
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Fig.7 Temperature difference between inlet and outlet (a) inlet temp. was 15°C,,
(b) inlet temp. was 25°C /
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Conclusions

Finite element software Fluent was used to analyze the cooling

system of the hot stamping die in the present study. Temperature

distribution of die face, test sheet and cooling channel was clear

shown. Results indicate that the CFD software could be used to
dicate the temp distribution of die face during the

quenchmg process.
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