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Isothermal Pass Schedule to Prevent Delamination in the Dry Wire Drawing
Process

Dae-Cheol Ko, Sang-Kon Lee”*, Min-An Kim"* and Byung-Min Kim*

ABSTRACT

Wire drawing process of the high carbon steel with a high speed is usually conducted at room temperature using a
number of passes or reductions through consequently located dies. In the multi-pass drawing process, temperature rise in
each pass affects the mechanical properties of the final product such as bending, torsion, and tensile property, etc. This
temperature rise during the deformation promotes the occurrence of delamination, and deteriorates the torsion property
and durability of wire. This study investigates the occurrence of delamination in the wire through the torsion test and the
evaluation of wire temperature. The excessive wire temperature leads to the occurrence of the delamination. Based on
the calculation of the wire temperature, a new pass schedule, which can prevent the delamination due to the excessive
wire temperature rise, is designed through the isothermal pass schedule.

Key Words : Wire drawing process(4! 41 & %), Temperature rise(< £ %), Delamination(Z 7+ 2)), Torsion test(t]
£ Y Al ), Isothermal pass schedule(F 2 # 2 /4 A)

7|EAMY a = semi die angle
kg = mean yield strength before, and after

Tgie,om = Wire temperature at the die exit drawing of the wire
Tgie,in = Wire temperature at the die inlet m = heat partition coefficient
A = conversion factor Q = contact area between die and wire
J> = area of the wire at the die exit = friction coefficient
p = density of the wire Thiock,in = Wire temperature at the inlet of the block
¢ = specific heat of the wire ty = time that the wire moves to the inlet of the
F = difference of area between die inlet and exit block after passing through the previous die
k., = average deformation resistance Thiock,om = Wire temperature at the exit of the block
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tc = time that the wire is positioned from the exit of

the block to the inlet of the next die
ZR = thermal resistance
r, d = wire radius and diameter
T, = temperature of the cooling water
hg; = convection heat transfer coefficient
T.ir = temperature of the air
T = temperature variation of the wire with the time
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Fig. 1(a) Completely flat torsion fraction without

delamination
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Fig. 1(b) Traditional brittle failure due to delamination
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Table 1 Chemical composition of the wire

C | s | Mn| s | P Al | cu
0.75~ | 0.15~ | 0.60~ | 0.02¢ | 0.02) | 0.01~ | 0.10)
0.79 | 025 |0.90 0.05

Table 2 Wire diameter and reduction in area at each pass

No. of dle Diameter (mm) Reduction in area (%)
Initial wire 3.500 -
1 2.880 32.3
2 2.460 27.0
3 2.100 27.1
4 1.800 26.5
) 1.550 25.8
6 1.370 21.9
7 1.200 23.2
8 1.060 22.0
9 0.950 19.6
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Fig. 2 Torsion test machine

Table 3 The result of torsion test

No. of pass | No. of torsion Remark

1 30 No delamination
2 47 No delamination
3 39 No delamination
4 . 36 No delamination
5 44 No delamination
6 41 No delamination

3 “7' ) 35 Delamination

. 8 32 Delamination

9 28 Delamination
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Ehacwan image 1

Fig. 3 (a) Fracture shape of initial wire (D = 3.500 mm)
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Fig. 3 (b) Fracture shape of the 1¥ pass (D = 2.880 mm) Fig. 3(f) Fracture shape of the 5™ pass (D = 1.550 mm)
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Fig. 3(c) Fracture shape of the 2nd pass (D = 2.460 mm) Fig. 3(g) Fracture shape of the 6" pass (D = 1.370 mm)

Erecton imags 1

Fig. 3(d) Fracture shape of the 3" pass (D = 2.100 mm) Fig. 3(h) Fracture shape of the 7™ pass (D = 1.200 mm)
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Fig. 3(i) Fracture shape of the 8™ pass (D = 1.060 mm)
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Fig. 3(j) Fracture shape of the 9" pass (D = 0.950 mm)
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Fig. 4 Wire temperature
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Fig. 5 Cooling zone between the (n)th and (n+1)th die
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Fig. 7 Wire temperature at exit of die

Table 4 The result of torsion test (redesigned pass)

" No.ofpass | . No. of torsion Remark -
IR RN 32 No delamination
' 44 No delamination
41 No delamination
38 No delamination
: 42 No delamination
g 39 No delamination
) 40 No delamination
8 38 No delamination
"9 4] No delamination
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Fig. 8 Comparison of torque curve between the present
and the redesigned drawing pass
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Fig. 9 Wire fracture after shape of the 9" pass for the
redesigned drawing process
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