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1 Abstract 

In comparison to the most widely used mechanical surface treatlnent shot peening, common al- 
ternative metl~ods such as deep rolling and less c o n ~ n ~ o n  methods such as laser shock peening, 
ultrasonic shot peening, water peening or various busnishiiig methods have been introduced into 
practical applications only rarely, or for highly specialized components, or are just on the verge 
from laboratory research into larger scale applications. However, in the future it is expected 
that these so called "alternative" ~neclianjcal surface treatment methods will be morc wi- 
despread owing to superior benefits for materials' behavior, improving process technology and 
dramatically decreasing costs. 

The basic principles of all mechanical surface treatments are well known: In all cases a loca- 
lized elastic-plastic deformation in 17ear-siirface regions leads to the for~nation of compressive 
residual stresses and severe microstructusal alterations (usually associated with intense work 
hardening), enabling the thus strengthened near-surface regions to withstand higher resistance 
against fdtigue crack initiation and propagation. Moreover, in some cases, additional effects 
may give rise to lilrther fatigue lifelstrength ellhallcement such as surface smoothening or defor- 
n~ation-induced phase transformations. At closer looli, near surface properties and thus fatigue 
behavior might be distinctly different for different surface treatment methocls. It is the objective 
of' this contribution to shed some light on these basic effects and to propose some basic guicleli- 
nes for the utilization of 'optimized' treatments f ron~ a materials science perspective. 

2 Introduction 

The prime objective of this paper is to summarize the basic r?~eclzarzic~al crnd r71etallrrrgical ef- 
fects associated with specific mechanical surface treatment methods. It is not the aim of this pa- 
per to give an overview on the teclzrzological aspects of different mechanical surface treatment 
methods. Such studies can be found elsewhere [ I  ,2,3]. Also, even when comparing the metall- 
urgical alterations by different surface treatments, one should always keep in mind that different 
process parameters for a cingle surface treatment method can lead to a broad range of possible 
properties, thus rendering such comparisons very difficult. A systematic comparative study on 
mechanical surface treatments fson~ a technological point of view has been presented, for in- 
stance, in [ 3 ] .  There, surface treatment methods such as shot peening, deep rolling, water pee- 
ning, laser shock peening are also discussed in terms of residual stresses, hardness increase, 
case depth and effect on stress-life behaviour. Other comparative studies on different mechani- 
cal surface treatment methods can be found in [ I  ,2,4-91 with varying thematic emphasis. In this 




























