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ABSTRACT: In order to analyze feasibility of replacing a conventional 6-mm Ti bar with a 5-mm bar, a series of rotating bending fatigue tests
were carried out on Ti-6Al-4V bars by strengthening the fatique performance using a special technique called UNSM (Ultrasonic Nanocrystal
Surface Modification). The results of S-N curves clearly showed that the performance of the 5-mm titanium specimen was similar to that of the
6-mm specimen when the UNSM treatment was applied. The 5-mm treated specimen converged with small scattering band into the linear line of
the non-treated 6-mm one. Below the fatigue life of 10° cycles, the UNSM treatment did not show any significant superiority in the bending stress
and fatigue life. However, over the fatigue life of 10° cycles, the effect of UNSM was superior for each fatigue life, and the bending stress became
longer and higher than that of the untreated one. In the case of 6-mm Ti-bar with UNSM, the fatigue limit was about 592 MPa, and there was
fatigue strength increase of about 30.7% at the fatigue life of 10 cycles compared to the untreated 6-mm bar. Therefore, the compressive residual
stress made by the UNSM in Ti-6Al-4V increased the fatigue strength by more than 30%.
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Table 1 Condition of UNSM treatment

Equipment UNSM
Tip material WC
Tip diameter(mm) 28
Amplitude(zm) 30
Load (N) 30
Number of strikes(mm?®) 53,000

Table 2 Variation of roughness before and after UNSM

Before After
Hardness (H,, 300g) 312 393
Roughness (R) 0.71 0.22
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Fig. 1 Configuration for rotary bending fatigue test specimen
(unit; mm)
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Fig. 3 Variation of Micro-Vickers hardness from surface to depth
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Fig. 4b S-N curves with the bending stress
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Fig. 5 Macroscopic surface characteristics of UNSM treated fatigue

specimen (d=5mm)
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Fig. 6a A mosaic photo of optical microscope indicates fracture
surface of many small multi-fatigue cracks (0. =
1062.7MPa, Nf=4.95X105, d=5mm) and coalesced each other

Fig. 6b A mosaic SEM photo (x40) arranged to clear the configu-
ration and size of many small multi-fatigue cracks of Fig. 6a
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Fig. 6c A magnified SEM photo(x100) marked in square at Fig.
6b indicates crack initiation and its coalesced form
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Fig. 7a SEM image of fractureFig. 7b A magnified SEM photo
(x100) marked in square

of untreated specimen at

624.2 MPa, NFE1x10°, x20 at Fig. 7a indicates crack

initiation site

Fig. 7c A magnified SEM photoFig. 7d A magnified SEM photo
(x1,000) marked in square
at Fig. 7c indicates ductile

striation pattern.

(x500) marked in square
at Fig. 7b indicates crack
initiation site.
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Element Weight% Atomic % Element Weight% Atomic %
CK 3.87 13.57 CK 41.81 59.04
Al K 331 517 OK 26.68 28.29
Ti K 87.13 76.60 Na K 243 1.79
VK 512 4.23 Al K 1.34 0.84
Fe K 0.57 043 S K 0.19 0.10
Total 100 aKx 117 0.56

KK 048 0.21
Ca K 0.33 0.14
Ti K 24.57 8.70
VK 1.01 0.34
Total 100

Fig. 8a An example of EDS analysis where marked in square
at Fig. 7b
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Fig. 9a SEM image of fracture of UNSM treated specimen
at 1262.4MPa, Nf=5.8x 10°, x20.

Fig. 8b An EDS analysis where small inclusion marked in square at
Fig. 7b.
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Fig 9b An SEM photo(x50) elliptically marked at Fig. 7c indicates
multi- crack initiation sites.
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