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Analysis and Optimization of Design Parameters in a Cold Cross
Rolling Process using a Response Surface Method
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Abstract

In this study, effects of forming angle and friction coefficient on a initiation of the Mannesmann hole defect were
analyzed by using a response surface method. The maximum effective plastic strain at center point of specimen is utilized
for the prediction of the starting point of crack occurrence, which is suggested by the comparison of integrals of four
different ductile fracture models between the histories of the effective plastic strain at center point. It was revealed that the
principal stress at the center is the dominant element to the increase of the effective plastic strain. It was also verified by

the simulation results from the comparison of experiment and simulation. It is provided that the forming angle of 25
degrees and the spreading angle of 1 degree can be a proper design condition without an occurrence of internal hole defect

and an excessive slip.
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Fig. 1 Geometrical design variables of cross wedge
rolling die
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Fig. 2 Equipment of the developed cold cross wedge
rolling machine
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Table 1 Change of mechanical properties and
initiation of internal defect by cold cross
wedge rolling with respect to the area
reduction ratio

Area Mannesmann Hole Increase of Surface
Reduc- Hardness
. Micro Micro
tion SM20C Allo SM20C Allo
oy Y
7% Safe - 21.8% -
10 % - Safe - 22.7 %
14 % Safe - 272 % -
18 % - Safe - 32.3%
20 % Fail - 322 % -
24 % - Safe - -
36 % - Fail - -
45 T T T T T 1
Surface Hardness Tensile Strength
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Fig. 3 Increase ratios of the surface hardness and the
maximum tensile stress by CWR process with
respect to the area reduction ratio
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(b) (©
Fig. 4 Experimental result for the internal hole
initiation at the area reduction of 36% and

effective plastic strain distributions in cross
sectional view at die angles of 80 degrees and
90 degrees from the finite element analysis
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Fig. 5 Variation of integrals for four different ductile
fracture models and history of effective plastic
strain with respect to the rotation angle of the

die
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Fig. 6 Variation of the ductile fracture integral of the
Cockroft criteria according to the rotation

angle of the die at the cross sectional view
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Fig. 7 History of effective plastic strain at center
point from simulation result
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Fig. 8 Variation of effective plastic strain at center
point with respect to the forming angle of
cross rolling die according to the stretching
angle
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Fig. 9 Slip maps of the CWR process for SHCW80

with respect to the forming angle and the

spreading angle
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Table 2 Simulation data for response surface method

Standard Alpha Friction Effective
Order | Forming Angle | Coefficient | Plastic Strain
1 20 0.135 0.70999
2 20 0.140 0.74578
3 20 0.150 0.79714
4 20 0.200 0.87516
5 22 0.135 0.64860
6 22 0.140 0.68570
7 22 0.150 0.72970
8 22 0.200 0.81854
9 25 0.135 0.58004
10 25 0.140 0.59686
11 25 0.150 0.64863
12 25 0.200 0.74410
0.95 T — T T —T T —_—
= 090 Spreading oAngIe(B):1.(Z° .
= = a= — A =
%c_, ] Tai+ !22, 25 V"
$ Hole Initiation Threshold Value=0.84 5
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c ] -
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0 #
§ 0.65 v | J
E 0.60
w
0.55 -L—r T — T
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Friction Coefficient
Fig.10 Variation of effective plastic strain at center
point with respect to the friction coefficient
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Fig.11 Contour plot of effective plastic strain(ep) vs.
friction coefficient(fric) and forming angle
(alpha) by response surface analysis
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