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Ultra-high cycle fatigue behaviors of implanted Ti-6Al-4V in high
frequency after subjection to simulated body fluid

LIU Yong-jie', OUYANG Qiao-lin>, TIAN Ren-hui', WANG Qing-yuan' (1. Department of Me-
chanics and Engineering Science, Sichuan University, Chengdu 610065, China; 2. Luoyang LYC Bearing Co.
Ltd. , Luoyang 471039, China)

Abstract; Objective To study the ultra-high cycle fatigue behaviors of the Ti-6Al-4V alloy implant after subjection
to simulated body fluid ( SBF) environment exceeding 10 cycles, and to predict its service life. Method The Ti-
6Al-4V alloy specimens were subjected to SBF in two groups for two days and six days respectively; using the ul-
trasonic fatigue testing technique, the ultra-high cycle fatigue properties of Ti-6Al-4V alloy after subjection to SBF
in body temperature were studied and the initiation mechanisms of fatigue cracks were investigated and analyzed
with scanning electron microscopy (SEM) and energy dispersive atomic X-ray (EDA X-ray). Then, a compari-
son with corresponding behaviors of the normal Ti-6Al4V alloy was made. Results The S-N curve of the Ti-6Al-
4V alloy after subjection had the similar tendency as that of the normal one, showing that they descended continu-
ously during 10* and 10°cycles and the descending tendency was lower in the region of 107 ~ 10° cycles; the life of
the specimens after subjection dropped before the fatigue life of 107 cycles and was smaller after the fatigue life of

0’ cycles than that of the normal ones; the life of the specimens subjected for six days had little difference with
that subjected for two days; fracture could still occur beyond 107 cycles, showing that there was no fatigue limit as
the traditional fatigue conception described. Fatigue cracks mainly initiated from the surface of specimen before
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the fatigue life of 10" cycles and some specimens had multiple crack initiation sites; fatigue failure initiated from in-
ternal inclusion where mostly the element Al aggregated after the fatigue life of 10°cycles. Conclusions The ul-
tra-high cycle fatigue properties of the Ti-6Al-4V alloy decreas a little with SBF subjection; the initiation site of the
fatigue crack changes from the surface to the internal defect with the increase of the number of cycle.

Key words ; Titanium alloy; Simulated body fluid (SBF) ; Fatigue testing; Fatigue cracks; S-N curve; Fracture

mechanics
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Tab.1 The chemical composition of specimen( % )
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Fig.1 Geometrical characteristics of specimen
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Fig.3 Characteristics of fracture surface of low cycle fatigue
(omax =720 MPa, N; =8. 32 x 105cycles)
fracture surface, (b) Crack initiation area at high magnification,

(a) Overall view of

(c) Crack propagation area at high magnification
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Fig.4 Characteristics of fracture surface of high cycle fatigue
(Omax =665 MPa, N; =2.38 x107cycles) (a) Overall view of
fracture surface, (b) Crack initiation area at high magnification,
(c) Crack propagation area at high magnification
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Fig.5 Characteristics of fracture surface of ultra-high cycle fa-
tigue (omex =650 MPa, N; =6.97 x10%cycles) (a) Overall view of
fracture surface, (b) Crack initiation area at high magnification,
(c) Energy dispersive atomic X-ray result
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Fig. 6 Characteristics of fracture surface of low cycle fatigue

(omax =670 MPa, N; =2.49 x105cycles)
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Fig.8 Characteristics of fracture surface of high cycle fatigue
(O max =670 MPa, N, =1. 15 x 107 cycles)
fracture surface, (b) Crack initiation area at high magnification,

(a) Overall view of

(c) Crack propagation area at high magnification
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Fig.7 Characteristics of fracture surface of low cycle fatigue
(omax =720 MPa, N; =1. 20 x 10°cycles)
fracture surface, (b) Crack initiation area at high magnification,
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(c) Crack propagation area at high magnification
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Fig.9 Characteristics of fracture surface of ultra-high cycle fa-
tigue (omax =680 MPa, N; =1.43 x10%cycles)
of fracture surface, (b) Crack initiation area at high magnification,
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