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1 Introduction

The most well known effect of mechanical surface treatments on metallic materials is the im-
provement in fatigue properties. It is therefore not surprising that most of the archival literature
on mechanical surface treatments, such as shot peening, deep rolling and laser shock peening,
deals with the effect of near-surface properties on fatigue behavior. Most of these studies,
however, are confined to room temperature fatigue behavior; in comparison, the effect of me-
chanical surface treatment on fatigue behavior at high temperatures has been rarely investigated
[1-5]. The reason for this disparity can be found in the popular belief that fatigue strength im-
provement by mechanical surface treatments is mainly due to the presence of compressive resi-
dual stresses, and since such stresses should anneal out at elevated temperatures, mechanical
surface treatments for high temperature applications would appear questionable, However, this
view may be over simplistic as there is always a possibility that the residual stresses may be at
least partially stable at elevated temperatures [6]; in addition, other factors may be involved,
such as the nature of the near-surface microstructure. Accordingly, it is the objective of this stu-
dy to examine the role of mechanical surface treatments on the high temperature fatigue beha-
vior of several metallic engineering materials. Moreover, it is the aim of this work to clarify
what are the critical temperature “thresholds” at which near-surface microstructures and residu-
al stresses become unstable and whether this can explain the observed fatigue behavior.

2 Fatigue Behavior

We begin by reviewing the high temperature stress-controlled fatigue of mechanically surface
treated metallic materials. For all materials studied, the range of homologous temperatures was
between (.35 and 0.6 T,,, where T, is the melting temperature.

Fig. 1 presents the cyclic deformation behavior of a titanium alloy Ti-6Al-4V (bimodal
microstructure) at a temperature of 450 °C (0.4 T,,) in the untreated and mechanically surface
treated condition. In this case, laser shock peening (intensity 7 GW/cm?, coverage 200 %) and
deep rolling (rolling pressure 150 bar, spherical rolling element & 6.6 mm) were selected as sur-
face treatments.

Both untreated and treated materials exhibit an initial increase in the plastic strain amplitude
(cyclic softening) with number of cycles, followed by a decrease (cyclic hardening) until frac-
ture. The untreated microstructure shows a quasi-elastic incubation period before cyclic softe-
ning, in contrast to the mechanically surface treated conditions, where softening starts
immediately with cycling. The early onset of softening is most likely caused by the high degree
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Figure 1: Cyclic deformation behavior of Figure 2: Cyclic deformation at 450 °C
Ti-6Al-4V at behavior of AISI 304 450 °C (0, =200 MPa, R=~1,f=5Hz)

(0= 460 MPa, R = —1, f= 5 Hz)

of work hardening (increased dislocation density) in the mechanically treated surface layers.
With this alloy, both deep rolling and laser shock peening lead to an improvement of fatigue life
compared to the untreated state. The deep rolling gave better life enhancement, consistent with
a more pronounced reduction in plastic strain amplitude. The high temperature cyclic deforma-
tion behavior of an austenitic stainless steel AIST 304 in different surface conditions is shown in
Fig. 2 for a test temperature of 450 °C (0.4 T,,)) [7]. Both shot peened and deep rolled conditions
show pronounced secondary cyclic hardening, with plastic strain amplitudes decreasing with
increasing lifetime, particularly for the deep rolled material. The untreated material, conversely,
exhibited the highest plastic strain amplitudes combined with the shortest lifetime. It can be
seen that, even at 450 °C, the fatigue lifetime can be considerably enhanced by mechanical sur-
face treatments compared to the untreated material (Fig. 3). For the selected process parameters,
at all temperatures, deep rolling enhanced the fatigue life more effectively than shot peening. It
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Figure 3: Stress controlled fatigue lifetimes of AISI 304 in different surface treatment states for temperatures
from room temperature to 650 °C (o, = 280 MPa, R = -1, f= 5 Hz)


















