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1 Abstract

The application of Controlled Shot Peening to form or correct the shape of components has
been in process for over 50 years. The extension of the principles of the Almen strip has been
well applied through a range of industries although Aerospace has been the greatest user.

Shot Peen-Forming uses the compressive stresses induced by shot peening to alter the stress
pattern, magnitude and depth, within a structure to deliberately create a change in product
shape. Gentle curves, within the elastic range of the material, are regularly formed to consistent
tolerances in to-day’s peen forming facilities.

Changes to those induced stresses in magnitude or depth will alter the products profile. Con-
sequently, the introduction of compressive stresses significantly deeper than can be achieved by
conventional shot peening will extend the potential of using this forming method on a range of
component parts.

Lasershot®™ Peening achieves that by introducing residual compressive stresses 3 to 4 times
deeper than conventional shot peening. Thus opening up the Peen-Forming method to section
thicknesses beyond present capability and producing tighter radii more consistently.

2 Introduction

The use of shot peening to forming the shape of components is not a new process but one that
even today is finding new areas of application. For over 50 years large and small components
using the basic principle that applies to the Almen strip have been formed successfully.

An Almen strip builds up a compressively stressed layer at the surface being shot peened. As
this material is stretched, the Almen strip curves towards the direction of shot peening to a de-
gree that varies with the intensity of shot peening, coverage and ball size used. Consequently
with peen forming the same method applies and with the use of different parameters various
shapes can be achieved. Generally cast steel shot is used to achieve the high strain required but
other media, glass, ceramic etc, can be used for less demanding forming.

Lasershot®™ Peening is an alternative technique for the introduction of residual compressive
stresses. It has the advantage over conventional peening in that it induces these stresses to grea-
ter depths, consequently a tighter radius of curvature can be achieved.

3 History

Shot peen forming was discovered and patented by Lockheed Aircraft Corporation in Burbank,
California in the late 1940’s. An engineer on their staff by the name of Jim Boerger was wor-
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king on the development of a new aircraft. He recognised that with the desire to employ inte-
grally stiffened wing panels as a weight saving measure for this aircraft that this presented some
real challenges in creating the aecrodynamic curvature.

Boerger working with an Almen strip realized that if a curvature could be induced in an Al-
men strip then it could be induced in a wing panel. Several sample panels were processed and it
was proved that by peening on one side you could certainly induce a reasonable curvature. The
first full size wing panels were selected but were quite distorted due to lack of machining know-
ledge on integrally stiffened wing panels. Fortunately, it was possible to bring them back to a re-
asonably flat shape and then further work proved that the required aerodynamic curvature could
be produced. Lockheed Corporation granted a royalty free licence for the process and ultimate-
Iy, once the patent expired, Boeing, McDonnell Douglas, British Aerospace and subsequently
Airbus, as well as many of the smaller aircraft manufacturers employed this process as the most
cost effective manufacturing technique for inducing curvatures in fully machined complex aero-
dynamic panels. Consequently the first aircraft to incorporate the peen forming technique was
the Constellation shown in Figure 1, followed many others over the years.

Figure 1: Super Constellation, Concord, Airbus and Boeing

4  Shot Peen Forming

Techniques for the forming of metals are many and varied, each having key features that endear
them to specific materials and applications. Shot Peen Forming is a dieless forming process ge-
nerally performed at room temperature, although certain applications require “warming” of the
substrate for maximum benefit. During the process, the surface of the workpiece is impacted by
pressure from small, round steel shot. Every piece of shot impacting the surface acts as a tiny
hammer, producing elastic stretching of the upper surface. The impact pressure of the peening
shot causes local plastic deformation that manifests itself as a residual compressive stress. The
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surface force of the residual compressive stress combined with the stretching causes the materi-
al to develop a compound, convex curvature on the peened side. When curvatures are being for-
med within the elastic range of the metal, the core of that metal remains elastic with a small,
balancing, residual tensile stress. Other mechanical forming processes that require overforming
with subsequent springback induce high tensile stress. Although high tensile stress can be mini-
mized by stretch forming techniques, stretch forming is usually not performed on tapered or
sculptured sections. Figure 2 demonstrates the type of section most suitable for the peen for-
ming technique. The size, velocity, and angle of impingement of the shot as well as the distance
of the wheels or nozzles (the wheels or nozzles propel the shot) from the workpiece are automa-
tically controlled in specially designed machines. Peen forming can be performed with or wit-
hout an external load applied on the workpiece.

Figure 2: Complex multi-thickness ribbed structure

The non equal compressive residual stresses from shot peening on one side of the Almen
strip, causes a degree of curvature, which is measured to give the intensity of controlled shot
peening.

When the Almen strip is shot peened, the top surface on which the peening has taken place is
in a high degree of compression, stretching that surface to cause a change of shape. In so doing,
there is also a slight compressive stress induced in the lower unpeened surface, of the Almen
strip. Therefore, forming has taken place without the introduction of any tensile stresses at eit-
her surface. In order to gain strength, that type of design required a multiplicity of thicknesses
of material at the locations where additional strength was necessary, the final assembly being
riveted/bolted together. We are now beginning to realise, there was also another benefit in redu-
cing doublers and treblers in panel design. Far less corrosion sites are created when fully ma-
chined wing and fuselage panels are used in an airframe construction. Previously corrosion
























