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ect of Static Load Level of Ultrasonic Nanocrystal Surface Modification

Technology on Fatigue Characteristics of SKD61
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ABSTRACT: Ultrasonic nanocrystal surface modification (UNSM) is a method to induce severe plastic deformation to a material surface, so
that the structure of the material surface becomes a nanocrystal structure from the surface to a certain depth. It improves the mechanical
properties, namely hardness, compressive residual stress, and fatigue characteristics. Specimens of SKD61 were tested to verify the effects of the
variation of UNSM static load level on fatigue characteristics. The results were as follows: the grain size of SKD61 treated with UNSM became
very fine from the material surface to a 100um depth. The surface hardness of SKD61 was increased up to 37% after UNSM. And fatigue
strength at 10" cycles was increased by 8.3, 11.2, and 17.9% respectively, when the stafic load levels of UNSM were 4, 6, 8 kgf
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Fig. 1 Schematic diagram of the UNSM device
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Fig. 2 Model of UNSM
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Table 1 Mechanical properties of SKD61 steel

Young's Tensile . Reduction
_ Elongation
Specimen modulus  strength %) in area
(GPa)  (MPa) (%)
pefore =196 1397 936 8.19
UNSM
Af
rer 1196 1375 11.53 9.70
UNSM

Table 2 Comparison of wear amount and friction
coefficient before and after UNSM

Wear amount Friction
(mg) coefficient
Before UNSM 1.179 0.42
after UNSM 0.03%9 0.21~0.24

Table 3 Comparison of surface roughness before and after
UNSM according to static pressure

before after UNSM
UNSM 4 Kgf 6 Kgf 8 Kgf
R, 0.46 2.0 5.1 144
Rove 230 5.3 8.2 15.8
44 Az EN
UNSM A% o] RHAEE ¢F 40%AE S78tH & 2
o] Mo g AAZo|F 60m7HA BAEIT WES & F
o 1 o]F+= UNSM A, 39 HLgto] vlsds &
AT}
45 SN=M EY
Fig. 62 Before UNSM A9} SNZAE Yeplia gtk 1

2]il Fig. 72 AR XA AMHAA= HAHI}TE 4, 6
8kgfol M7HA 2 WIAA After UNSMAS] B ZAIHE AA]
slo] dojll ™o Fig. 6 FAld WERH Aeltt. Before
UNSMe] AgHe] gzatdel S48 AF3H FRdolM v
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(b)

(e)
Fig. 3 Surface of smooth specimen after UNSM at static

load level (a) 4kgf, (b) 6kgf and (c) 8kgf

(b)
Fig. 4 Varnation of the microstructure of SKD61
(a) before and (b) after UNSM
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Fig. 6 S-N curves for the before UNSM of SKD61
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Fig. 8 SEM photographs of fracture surface before UNSM
under g, = 789MPa, N; = 7.03x10° cycles at the
magnification of (a) x25, (b) x500

(b)
Fig. 9 SEM photograph of fisheye crack which initiated at

fracture surface after UNSM (static load = 4 kgf)
under g, = 896MPa, Nf = 1.7x10° cycles at the
magnification of (a) x50, (b) x1000
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