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1 Introduction

One of the most important components in a aircraft is its landing gear, due to the high load that
it is submitted to during, principally, the take off and landing. For this reason, the AISI 4340
steel is widely used in the aircraft industry for fabrication of structural components, in which
strength and toughness are fundamental design requirements [1]. Fatigue is an important para-
meter to be considered in the behavior of mechanical components subjected to constant and va-
riable amplitude loading. One of the known ways to improve fatigue resistance is by using the
shot peening process to induce a compressive residual stress in the surface layers of the materi-
al, making the nucleation and propagation of fatigue cracks more difficult [2,3]. The shot pee-
ning results depend on various parameters. These parameters can be grouped in three different
classes according to R. Fathallah et al [4]: parameters describing the treated part, parameters of
stream energy produced by the process and parameters describing the contact conditions. Fur-
thermore, relaxation of the CRSF induced by shot peening has been observed during the fatigue
process [5-7]. In the present research the gain in fatigue life of AIST 4340 steel, obtained by shot
peening treatment, is evaluated under the two different hardnesses used in landing gear. Rota-
ting bending fatigue tests were conducted and the CRSF was measured by an x-ray tensometry
prior and during fatigue tests. The evaluation of fatigue life due the shot peening in relation to
the relaxation of CRSF, of crack sources position and roughness variation is done.

2 Experimental Work

The chemical composition of AIST 4340 used is 0.41C-0.73Mn-0.8Cr-1.74Ni-0.25Mo-0.25Si,
weight percent. The mechanical properties of base material from the 53HRC are: yield strength
1511 MPa, ultimate tensile 1864 MPa. These properties were obtained by means of quenching
from 815 °C followed by double tempering in the range (230+5) °C for 2 hours. The mechanical
properties of base material from the 39HRC are: yield strength 1118 MPa, ultimate tensile 1240
MPa. These properties were obtained by means of quenching from 815°C followed by tempe-
ring in the range (520+5) °C for 2 hours. Shot peening treatment was performed with steel shot
in 0.008A peening intensity. This Almen intensity was adopted for the following reason: in the
previous studies this peening intensity when applied on surface of AISI 4340 steel prior to the
hard chromium plating resulted in significant recovering of fatigue strength. [8]. In the 53HRC
condition, the effect of the shot peening pre treatment of hard chromium plated AISI 4340 steel,
in the same intensity, was still better. The process parameters were: outflow 3 kg/min, speed
250 mm/min, distance 200 mm and rotation 30 rpm, shot S230 (& 0.7mm), coverage 200 %
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carried out with an air-blast machine according to standard MIL-S-13165. The shot peening tre-
atment was done with high quality control, in which the shots are automatically selected and
kept in perfect conditions. The specimens used were tested in rotating bending fatigue tests at
frequency of 50Hz at room temperature (Figure 1). The fracture planes of the fatigued speci-
mens were examined using a scanning electron microscopy model LEO 435 Vpi in order to
identify the crack initiation points. The compressive residual stress field induced by shot pee-
ning was determined by x-ray diffraction method, using the Raystress equipment, whose cha-
racteristics are described in [9]: y goniometer geometry, Cr-k, radiation and registration of
{221} diffraction lines. The accuracy in the stress measurements was Do = £30MPa. In order to
obtain the stress distribution by depth, the layers of specimens were removed by electrolytic po-
lishing with a non-acid solution. All surface roughness data measured in this research was obtai-
ned by Mitutoyo 301 equipment using a cut-off of 0.8 mm.
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Figure 1:- Rotating bending fatigue test specimen {mm)

3 Results And Discussion

Figure 2 shows the Compressive Residual Stress Field (CRSF) for the 0.008A peening intensity
for both 39 and 5S3HRC (solid lines). It is possible to observe, from Figure 2, that the surface
stress and the depth of CRSF for 39HRC were lower than 53HRC condition. These results were
expected, since the surface stress and the maximum value of the CRSF beneath the surface are a
function of the yield strength and ultimate strength, respectively. However, the width of CRSF
for 39HRC was a little bigger than 53HRC one. Since the width of CRSF is actually the plastic
deformation depth, it is possible to suppose that the smaller hardness the larger the affected lay-
er. The S/N curves for the base material and with shot peening treatment with 53 and 39HRC
condition are shown in figures 3 and 4 respectively. It is possible to observe in figure 3 an im-
provement in the fatigue resistance of the specimens shot peened, compared to the base materi-
al. In relation to the base material, the shot peening influence in high stress (1370MPa) was
almost null in the number of cycles until failure, for medium and high cycles an increase in fati-
gue life resulted from the shot peening treatment. Yet, the shot peening for the 53HRC conditi-
on represents an enhancement of the fatigue limit about 10% when comparing to the base
material, For intermediate conditions (10°-10° cycles) however, the fatigue gain in relation to
the base material was much more expressive, about three times. Figure 4 shows that, surprisin-
gly, there is not gain in fatigue life as a consequence of the shot peening treatment when applied


















