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1 Abstract

Laser peening is a relatively new mechanical surface treatment which causes deep zones bea-
ring compressive residual stresses. This is accomplished by applying shock waves to the materi-
al surface using short laser pulses. Quenched and tempered steel AISI 4140 was laser peened
using a Nd:glass slab laser with a pulse energy of 25 Joule and a wavelength of 1053 nm. After-
wards the mechanically affected zones were analyzed according to their topography, residual
stress state and work hardening state and compared to shot peened samples. It is well known
that the effect of mechanical surface treatments strongly depend on the stability of the induced
residual stress state. Therefore, annealing treatments at different temperatures and times were
performed to analyze the thermal residual stress relaxation behavior. Using an iterative mathe-
matical procedure based on a least squares algorithm the activation enthalpy for thermal residu-
al stress relaxation was determined and the responsible mechanisms were identified. The results
were evaluated according to the amount of cold work caused by the different surface treatments.

2 Introduction

Laser shock processing also called laser peening is a newly developped surface hardening pro-
cedure, which affects surface zones in the mm-range without causing increases in the surface
roughness in the same magnitude as shot peening. Investigations about laser induced shock wa-
ves have been conducted for almost fourty years [1, 2]. However, using laser peening to influ-
ence the surface characteristics of metallic parts was hardly investigated until the last decade of
the 20" century [e.g. 3-5]. Mainly Nd:glass laser, Nd:YAG laser or XeCl-Excimer laser are
used to induce pulses with widths in the nanosecond regime and intensities in the GW/cm? ran-
ge to modify the surface characteristics. The high intensity of the laser irradiation is absorbed
causing ablation at the material. The ablation as well as the repulsion of the expanding plasma
results in a high amplitude shock wave. Direct and confined ablation is distinguished [6]. The
plasma caused by direct ablation is created directly at the surface. Very high intensities are ne-
cessary to induce sufficiently high shock waves, because the plasma can expand into the sur-
rounding atmosphere. Morcover, the direct coupling of the laser irradiation as well as the
resulting plasma with the material results in unfavorable thermal stresses with the creation of
tensile residual stresses. Confined ablation, however, uses a transparent and a thermo-protective
coating. The transparent coating, e.g. water, is transmitted by the laser beam and prevents a free
plasma expansion into the atmosphere, which leads to intensified shock waves travelling into
the material. Instead of the material, the opaque (black paint, metallic foil) thermo-protective
coating is ablated within a very thin layer. Thus, no thermal stresses of the laser peened metal


























