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Critical Parameters to Improve the Fatigue Properties in the
High Carbon Steel Wires
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Abstract
The governing parameters affecting the fatigue properties have been investigated experimentally in the high carbon
steel wires with 0.94 wt.%C. In order to find the crucial factors, the advanced analysis techniques such as optical 3-D
profiler, focused ion beam(FIB) and transmission electron microscope(TEM) were used. The two-type steel wires with
different drawing strain were fabricated. The fatigue properties were measured by hunter rotating beam tester, specially
designed for thin-sized steel wires. It was found that the fatigue properties of the steel wires with high drawing strain was
higher than that with other wires because of low residual stress and high adhesion condition of brass coating layer.
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Table 1 Fabrication conditions of the steel wires

P.W. Fw Drawing

(mm¢) (mm¢) strain (g)

A -1 1.220 0.185 3.77
2 1.404 0.21 3.80

B -1 1.131 0.185 3.61
-2 1.131 0.21 3.36
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Fig. 1 (a) Automated hunter rotating beam fatigue
tester, specially designed for thin-sized steel
wires and (b) schematic diagram showing the

several components

(o]

UEE FIB-DICHS o]&3te FAHAL o]
SEIKO Al¢] <wWl FIB(SEL 3050)9} correlated
solutions A} VIC-2D 7} A}&EHY. W =Y
=3 24 5@ e E)9 AW 24E 34
JEOL AF¢] TEM (JEOL 2100 LaBg)7} AH&5 9o
TEM A|H < FIB(SEI 305002 ©]&3te] A x5

o,

I

Azxd F A9
Fig. 2 o] YEelig. A 713
H F AA(A-1, A2)°] B 7}F

AR (B-1, B2yl H& A
ERSTE Q714 A 7

s A
=

Mtoct P

2

& Embury-Fisher ¥7]2]
Aoz BidY. F, A4 7}

S7bst7] W] AA
o2 Azd F Aidel

=

= AA(A-1, A-2)9]
Ad®B-1, B-2)ell Hls] %
A 7HEHE B Azl
o2 FHE)d 24 @FEs
T3 Az" AEAB-,
g e w2
g Ad IS
EXd & Aol



T AT I AN Wz B
o 40
e @
45004
£
ﬁ 42504 . .
g’ 40004 .
g 3750+ "
&
@ 35004
g 3250
]
3000 Y r r T
= A1 A2 B-1 B-2
Steel wires
1.2x10°
1.0x10°4 (b) -
-~
Z 8.0x10°
A
g 6.0x10°4
g 4.0x10°
© 2.0x10°
ood L 1 - -
A A2 B-1 B-2

Steel wires
Fig. 2 Behavior of the mechanical properties of the

steel wires depending on the drawing strain;
(a) tensile strength, (b) fatigue property
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Fig. 3 3-D interferometricﬁ images of the steel wires§
(a) A-1, (b) A-2, (c) B-1, (d) B-2
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Fig. 4 Depth of grooves formed on the surface of the
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Fig. 5 (a) Typical photographs showing the contour in brass coating layer in the steel wires; (a) A-1,
the displacement fields and (b) comparison (b) A-2, (¢) B-1,(d) B-2
between the measured displacement and
calculated displacement 0.25
Table 2 Summary of the equation and residual stress ’g 0.20
obtained from the steel wires =2
Equation Residual stress #0154
P, +D) (MP2) e
A ] W=024447U,4 225 244.47 S ..
2 u=0.69680U, + 35.59 696.80 E
B -1 u,=0.91929U, - 1.250 919.29
2 u,=0.621720, + 8.480 621.72 0.05
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