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The increasingly design requirements for modern engineering applications resulted in the development of 
new materials with improved mechanical properties. Low density, combined with excellent weight/strength ratio 
as well as corrosion resistance, make the titanium attractive for application in landing gears. Fatigue control is a 
fundamental parameter to be considered in the development of mechanical components. The aim of this research 
is to analyze the fatigue behavior of anodized Ti-6Al-4V alloy and the influence of shot peening pre treatment 
on the experimental data. Axial fatigue tests (R = 0.1) were performed, and a significant reduction in the fatigue 
strength of anodized Ti-6Al-4V was observed. The shot peening superficial treatment, which objective is to create 
a compressive residual stress field in the surface layers, showed efficiency to increase the fatigue life of anodized 
material. Experimental data were represented by S-N curves. Scanning electron microscopy technique (SEM) 
was used to observe crack origin sites.
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1. Introduction

Considering the surface-environment interactions to which some 
components of the aircraft industry are exposed, the study of protec-
tion against wear and corrosion induced by the use of coatings is an 
important research field in aeronautical engineering1. Chromium 
plating is the most used electroplated coating to obtain high level of 
hardness, wear and corrosion resistance, and low coefficient of fric-
tion. However, problems such as health and environmental hazards, 
resulted in a search for possible alternatives to hard chrome plating2-4. 
Tungsten carbide (WC) thermal spray coating applied by the high 
velocity oxy-fuel process (HVOF) is been considered an alternative 
candidate to fulfill project requirements5. 

Titanium and titanium alloys are excellent candidates for aero-
space applications. Ti-6Al-4V is the workhorse of titanium industry, 
accounting for more than 50% of all titanium tonnage in the world. 
This alloy has a yield strength of 868 MPa, good fatigue properties 
and moderate fracture toughness. Mechanical properties combinations 
for titanium alloys can be significantly changed through processing as 
well as by heat treatment variation6,7. It’s well known that Ti‑6Al‑4V 
has an excellent corrosion resistance with the added benefit of re-
duced weight; on the other hand surface protection is necessary to 
avoid the corrosion-fatigue mechanism and its reactivity towards 
atmospheric oxygen. To overcome these limitations, anodization is 
an electrochemical process used to obtain a protective oxide film on 
the metallic job, which reduce the friction on sliding surfaces and 
protect the metal from atmospheric corrosion8.

Fatigue control is a major consideration in the development of 
a new material for aircraft industry, mainly when components are 
subjected to constant and variable amplitude loading9,10. Whereas 
surface treatments, like anodic coatings, usually degrade the fatigue 

life performance of a material, a mechanical surface treatment may 
be responsable for an increase in the fatigue strength11.

An effective method of improving the fatigue strength of metal 
components is shot peening, which consists in impacting a surface 
by a flow of spheroidal shots with a kinetic energy sufficient to cause 
plastic strain of the sub-surface layer of the material and, conse-
quently, to induce a compressive residual stress field12,13.

In general, fatigue crack initiation occurs on the specimen surface. 
Wang et al.14 demonstrated that fatigue crack can be initiated from the 
interior of many materials in the case of high cycle fatigue. Shengping 
Wang et al.15 showed that the shot peening process pushes the crack 
initiation points beneath the compressive residual stress zone.

Subsurface fatigue crack nucleation, in mechanically surface 
treated specimens, as a result of residual tensile stress balancing the 
other beneficial compressive stress field is normally observed16.

The objective of this paper is to analyze the effect of anodizing 
on the axial fatigue strength of Ti-6Al-4V alloy. The influence of 
compressive residual stress field induzed by the shot peening process 
on the fatigue data of anodized substrate, was also identified. 

2. Experimental Procedures

The chemical composition of Ti-6Al-4V used was 6.13% Al, 
4.0% V, 0.23% Fe, 0.19% O, 0.07% Ni, 0.0124% H, 0.004% Y, 
0.39% residual elements, Ti reminder. Mechanical properties of this 
alloy are: (35-40) HRc and ultimate strength of 1270 MPa, in the 
annealed condition.

Axial fatigue tests according to ASTM 466 were conducted us-
ing a sinusoidal load of frequency 20 Hz and ratio R = 0.1, at room 
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temperature considering, as fatigue strength, the complete specimens 
fracture or 107 load cycles. Three groups of fatigue specimens, 
showed in Figure 1, were prepared to obtain S-N curves for axial 
fatigue tests:

•  Specimens of base metal;
•  Specimens of base metal anodized; and
•  Specimens of base metal shot peened and anodized.
Anodization of the titanium was performed in an electrolyte on the 

base of sulfuric acid at a voltage of 20 V for 15 minutes. The coating 
thickness shall be: 2.50 ± 1.27 µm, according to MIL-A-24641. 

The shot peening parameters were: intensity of 0.008 A, out flow 
of 3 Kg, a speed of 250 mm/min, a distance 200 mm and rotation 
30 rpm. The steel shot used was S230 (∅ 0.7 mm). The process was 
carried out on an air-blast machine according to standard SAE-
AMS-S-13165.

The fracture planes of the fatigue specimens were examined us-
ing a scanning electron microscopy model Zeiss DSM 950 in order 
to identify the crack initiation points.

3. Results and Discussion

The extend to which anodic coatings can reduce the fatigue 
strength of Ti-6Al-4V alloy, is illustrated in Figure 2. 

The fatigue life in the shot-peened/anodized Ti-6Al-4V alloy is 
improved by around two orders of magnitude, in comparison with the 
anodized condition, while the increase in fatigue strength indicates 
that the detrimental effects of the anodic coating is counterbalanced 
by the compressive residual stresses induced by the shot peening.

For σ
max

 equal to 985 MPa, average number of cycles to failure for 
Ti-6Al-4V, anodized Ti-6Al-4V and shot-peened/anodized Ti-6Al-4V 
are: 143300, 15048 and 33089, respectively. These results indicate a 
severe decrease in fatigue strength for the anodized conditions and 
a slightly improvement due to the shot peening process. Number of 
cycles to failure for the anodized condition was around 10.5% of the 
base metal fatigue life and 220% increase due to the shot peening 
process occurred.

At stress level 955 MPa, average fatigue life for base metal, 
anodized base metal and shot peened/anodized base metal was 
526460 cycles, 52550 cycles and 129850 cycles, respectively. Ap-
proximately the same decrease in number of cycles to failure and 
increase caused by the shot peening was observed, 10% and 247%, 
respectively.

Figure 3 shows a typical fracture surface from the base metal, 
indicating that the fatigue crack nucleation started at the surface.

In Figure 4, several crack fronts that may be associated to the 
anodic coating, are represented and responsible for the decrease in 
fatigue life.

From Figure 5, which represents fracture surface from an axial 
fatigue specimen shot peened/anodized Ti-6Al-4V, one sees that the 
shot peening process increased the substrate strength and delayed 
fatigue crack propagation through base metal.
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Figure 1. Axial fatigue testing specimen.
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Figure 2. S-N Curves (R = 0.1).

Figure 3. Typical fracture surface from base metal.

Figure 4. Fracture surface from the anodized Ti-6Al-4V (σ
max.

 = 900 MPa).
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4. Conclusion

•  The extend to which anodic coatings can reduce the fatigue 
strength of Ti-6Al-4V alloy, is illustrated in Figure 2. The 
effect of anodic coatings was to decrease the fatigue strength 
for Ti-6Al-4V alloy;

•  At stress levels 986 MPa and 955 MPa, reduction in number 
of cycles to failure due to the anodic coatings, and increase 
in fatigue life after shot peening process were, respectively, 
10.50%/219.9% and 9.98%/247.1%; and

•  Shot peening pre-treatment proved to be an efficient process 
to improve the fatigue strength of anodized Ti-6Al-4V base 
metal.
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