2005003

Life Enhancement of Aero Engine Components by Shot Peening:
Opportunities and Risks

Gerhard W. Konig
MTU Aero Engines, Munich, Germany

1 Abstract

In service, aero engine parts are subject to high temperatures and extreme cyclic loads. As a
consequence, the initiation and propagation of surface fatigue cracks is life-limiting for many
components. The application of surface treatments, such as shot peening, can cause a shift of the
crack initiation site from surface to subsurface and concomitantly, a significant increase in the
cyclic life. However, in practice, the actual improvement achieved by shot peening is someti-
mes found to be less than expected. One reason is that residual stresses produced by shot pee-
ning are not stable against high temperatures and non-elastic deformation induced by service
loads. Another reason is that defects (intrinsic defects of the material, surface defects caused by
handling as well as surface damage caused by peening itself) may also reduce the benefit of shot
peening. The following paper discusses the possibilities to exploit the benefits of shot peening
for life enhancement of aero engine components and the requirements that must be fulfilled to
take full advantage of shot peening.

2 Introduction

Shot peening is a very common method for increasing the fatigue strength and has frequently
been used for aero engine applications for many years. Aero engine components are characteri-
zed by high-strength materials (titanium and nickel base materials), high cyclic loads (often lo-
cally exceeding the yield strength) and high service temperatures (in the region of time-
dependent material behavior). In the past, shot peening has been used for safety-critical parts
mainly as a measure to increase safety margins rather than for extending service lives. Howe-
ver, with increasing understanding of the mechanisms of shot peening and increasing predictive
capabilities, the opportunities of increasing service lives by shot peening or other surface treat-
ments are expected to grow in the future.

3 Life Enhancement by Shot Peening

The experience from laboratory tests, component tests as well as failure analysis clearly indica-
tes that the large majority of fatigue cracks initiate from the surface. The crack origin is either
directly at the surface or slightly subsurface within a distance of less than about 25 microns to
the surface. As an example, Figure 1 shows the result of a component test performed on a titani-
um compressor disk (simulating 36000 start/stop cycles). After this test, cracks were found in
the disk bore and in the cooling holes as well as in the lobes (blade fixtures). The fractographic






























