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Synopsis

: In general, fretting fatigue may occur in the artificial hip joint and bone cement as a result of the cyclic loading and fretting between these

parts. Fretting decreases dynamic durability and produces wear debris, etc. These can cause various effects on the human body and therefore,
it is necessary to know the fretting fatigue characteristics of biomaterials i vivo in order to avoid these effects. In this study, plain fatigue and
fretting fatigue tests were carried out in air and in vivo environment, that is, in Ringer’s solution on Ti~29Nb-13Ta—4.6Zr, which has been de-
veloped recently for biomedical materials, and also on conventional biomedical material, Ti-15Mo—5Zr-3AlL

In both low cycle fatigue and high cycle fatigue life regions, fretting fatigue strength of Ti-29Nb—13Ta-4.6Zr and Ti-15Mo—5Zr-3Al sub-
jected to various heat treatments decreases remarkably as compared with their plain fatigue strength. In this case, the decreasing ratio of fa-
tigue life by fretting increases with increasing the crack growth area, which is caused by the tangential force at the contact plane of pad. In
fretting fatigue in air, degree of damage by fretting, which is indicated by Pf/Ff where Pf and Ff are the plain fatigue limit and fretting fatigue
limit, respectively, increases with increasing elastic modulus and hardness. In fretting fatigue in vivo environment, passive film on specimen
surface is destroyed by fretting action even in Ti-29Nb—13Ta—4.6Zr, which has excellent corrosion resistance, and, as a result, corrosion pits

that lead to decreasing fretting fatigue strength especially in high cycle fatigue life region, are formed on its surface.
Key words: f-type titanium alloy; elastic modulus; plain fatigue; fretting fatigue; Ringer’s solution.
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Table 1. Chemical compositions of Ti—29Nb—13Ta—4.6Zr
and Ti—15Mo—5Zr—3Al used in this study.

(mass %)

Ti Nb Ta Zr Mo Al O Fe C N H

Ti-29Nb-13Ta-4.6Zr (¢ 1lmm) Bal. 289 125 42 — — 008 0.05 0.04 004 —

Ti-29Nb-13Ta-4.6Zr (¢ 12mm) Bal 315 116 47 — <0.02 0.4 0.03 0.02 0.03 0.006

Ti-15Mo-5Zr-3A1  (@17mm) Bal. — — 4.95 1529 298 0.4 0.03 — 0.009 0.0076
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Fig. 1. Schematic drawings of (a) tensile and plain fatigue
specimens, (b) fretting fatigue specimen and (c)
fretting pad in mm.
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Fig. 2. SEM micrographs of (a)
Ti—29Nb-13Ta—4.6Zr con-
ducted with solution treat-
ment, (b) Ti—29Nb—13Ta—
4.6Zr conducted with aging
after solution treatment and
(c) Ti-15Mo—5Zr-3Al con-
ducted with annealing.

Fig. 3. X-ray diffraction patterns of Ti-29Nb-13Ta—4.6Zr
conducted with solution treatment (ST),
Ti—29Nb-13Ta—4.6Zr conducted with aging after
solution treatment (STA) and Ti—15Mo—5Zr-3Al
conducted with annealing.
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Fig. 4. Comparison of elastic moduli of Ti-29Nb-13Ta-
4.6Zr conducted with solution treatment (ST), Ti—
29Nb—13Ta—4.6Zr conducted with aging after solu-
tion treatment (STA) and Ti—15Mo-5Zr-3Al con-
ducted with annealing.
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Fig. 5. Mechanical properties of Ti-29Nb—13Ta—4.6Zr
conducted with solution treatment (ST), Ti—-29Nb—
13Ta—4.6Zr conducted with aging after solution
treatment (STA) and Ti—15Mo-5Zr-3Al conducted
with annealing.
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Fig. 6. S-N curves of Ti-29Nb-13Ta—4.6Zr (TNTZ) con-
ducted with solution treatment (ST), Ti—29Nb—
13Ta-4.6Zr (TNTZ) conducted with aging after so-
lution treatment (STA) and Ti~15Mo-5Zr-3Al (Ti-
15-5-3) conducted with annealing obtained from
plain fatigue and fretting fatigue tests in air.
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Fig. 7. SEM fractographs of crack initiation sites of
Ti-15Mo—5Zr-3Al conducted with annealing after
fretting fatigue tests in air (a) at ¢, =455MPa
(low cycle fatigue life region) and (b) at
O o =285 MPa (high cycle fatigue life region).
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Fig. 8. Schematic drawing of crack initiation site in fret-
ting fatigue test.
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Fig. 9. SEM micrographs of fretted surfaces of Ti—29Nb-13Ta-4.6Zr conducted with aging after solution treatment after fretting
fatigue tests in air (a) at 0,,,,= 540 MPa (low cycle fatigue life region), (b) at &, =310 MPa (high cycle fatigue life re-
gion) and (c) wear debris in the crack.
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limit.
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solution.
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Fig. 12. Relationships between frictional
force and maximum cyclic stress
of Ti—29Nb-13Ta—4.6Zr conducted
with solution treatment in air and in
Ringer’s solution.
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Fig. 13. SEM micrographs of Ti—29Nb-13Ta—4.6Zr conducted with
solution treatment after fretting fatigue tests in Ringer’s so-

lution at ¢, =400 MPa (low cycle fatigue life region) (a)
contact area, and (b) wear debris in the crack.

Fig. 14. Comparison of surface rough-
ness, Ra, of each slip region
on contact area of Ti—
29Nb-13Ta—4.6Zr conducted
with solution treatment after
fretting fatigue tests at o, =
340MPa (low cycle fatigue
life region) in (a) air and (b)

Ra=458.97nm Ringer’s solution.
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