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In recent years, hot-stamped components are more increasingly used in the automotive industry
in order to reduce weight and to improve the strength of vehicles. In hot stamping process, blank
is hot formed and press hardened in a tool. However, in hot stamping without cooling channel,

temperature of the tool increases gradually in mass production thus cannot meet the critical
cooling rate to obtain high strength over 1500MPa. Warpage occurs in the hot stamped
component due to non-uniform stress state caused by unbalanced cooling. Therefore, tools

should be uniformly as well as rapidly cooled down by the coolant which flows through cooling

channel. In this paper, optimal design method of cooling channel to obtain uniform and high’
strength of the component is proposed. Optimized cooling channel is applied to the hot press V-

bending process. As a result of measuring strength, hardness and microstructure of the hot
formed parts, it is known that the design methodology of cooling channel is effective to the hot

stamping process.
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7|54'F = Friction coefficient in turbulent flow
t = Thickness of the blank (m)
Re;, = Reynolds® Number at inlet of cooling channel p = Density of the water (kg/m3)
Re = Reynolds’ Number 1 = Length of the cooling channel (m)
v=Kinematic viscosity (m%/s) Qy, = Heat transfer rate per hour from blank to tool (kcal/h)
T; = Initial temperature of the blank (C) Q = Heat transfer rate per hour from too! to coolant(kcal/h)
T, = Ejection temperature of the blank (C) C,1 = Specific heat of the blank (kcal/kg® C)
Ty, = Temperature of the cooling water (C) A, = Surface area of the blank (m?)
t. = Cycle time (s) T, = Average temperature of tool surface (C)
v = Specific weight of the water (kgf/m?) arg = Heat transfer coefficient between tool and blank
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(kcal/m? h* C)

arc = Heat transfer coefficient between tool and coolant
(keal/m?®*h- C)

v = Velocity of the coolant (m/s)

Am = Thermal conductivity of the tool(kcal/m - h- C)

o = Heat diffusion rate(kcal/m h- C)

d = Diameter of the cooling channel (m)
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Table 1 Selection of cooling channel diameter
Cooling channel

Blank thickness, t{mm}

Diameter, d(mm)
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2<t<4 10<d<12
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Distance from
channel center
to wall

Fig. 1 Simplified model for evaluating stress acting on
the hot stamping tool
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Fig. 3 Design procedure of the cooling channel for V-
bending tool by triangular method
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Input initial data
Cycle time(t,)

Initial temp. of blank(T;) t=t+ it
Injection temp. of blank(T,) 4
Set diameter of cooling channel
|
v
Calculate minimum No
Reynold's number
y L 2

Strength analysis of tools Calculate heat transfer rate]
without cooling channet from the blank to the tool

| 2

Calculate Maximum
distance from channel [4-YES Re<10000
center to wall

] A

v

Calculate Maximum load
on tool including channel

Yield strength of tool material
2 Calculated maximum load

YES
¥

Calculate minimum number of
channel

v

Table 2 Considered design parameter for optimizing
cooling channel in hot press V-bending

Design parameters Value
Initial temperature of the blank ,T; 800 (C)
Ejection temperature of the blank, T, 200 (TC)
Temperature of the coolant, T, 20(C)
Cycle time, t, 15 (sec)
Die material STD61
Blank material Boron steel
160mm(W)x
Blank size 150mm(L)x
1.7mm(t)

Specific heat of blank, Cy; 0.142 (kcal’kg C)

Heat conductivity of die material , Ay| 29 (kcal/mh TC)

Arrange cooling channels by Re=
Triangular method Ret+ARe

v

Thermal analysis (FEM)

Average temp. of blank
< Ejection temp. of blank

YES

Max. temp. of blank
— Min. temp. of blank < A¢

YES

End

Fig. 4 Flow chart for optimal design of cooling channel
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Fig. 5 Stress distribution acting on V-bending die without
cooling channel
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Fig. 6 Stress distribution acting on the die considering
diameter and position of cooling channel
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Fig. 7 Optimized cooling channel for V-bending die
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Fig. 8 Temperature distribution of tool and blank with
optimized cooling channel
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Fig. 9 Temperature of the blank after 10th cycle hot press
V-bending with respect to two cooling channel
design method
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Fig. 10 Experimental apparatus for hot press V-bending
experiment
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Fig. 11 Hardness distribution of V-bent parts with respect
to different cooling channel design methods
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