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1 Introduction

Shot peen forming is above all carried out in the aeronautic and acrospace industry for the pro-
duction of complex integral structures in fuselage and wing components (= Partial Forging
Process / Shot as a Tool).

Particularly in the aeronautics industry, development engineers and designers intensively
work on complex, single-axis or multiple-axis curved geometries, varying panel thicknesses
and/or stringer stiffenings. The aim here is to optimize weight and hence to save on aircraft
operating costs, as well as to optimize production processes (= Design for Manufacturing
Feasibility).

A further important customer requirement comes from production managers: completely
controlled, documented and reproducible processes with practical flexibility in design are a pre-
requisite for the industrial series production of carrier rocket structures or airplane components
such as fuselage and wing panels (= State-of-the-art Industrial Processes).

Appropriate documentation for today’s market should include the component data and the in-
fluences of forming on the material as well as all process data relevant to the customer (= Com-
plete Transparency and Constant Quality Control).

The KS4 — Kugelstrahlzentrum Aachen GmbH (Aachen Shot Peening Centre) uses modern
modelling and facility technologies which facilitate controlled shot peening with complete pro-
cess control and automation (= KS4 — Controlled Shot Peening).

The following describes the procedure for implementing controlled shot peening. We will
use examples from our current work to show that this highly-automated process can be em-
ployed both for producing components on a contract basis as well as for series production at the
customer’s own plant,

2 Project Planning and Implementation

Clear project structuring is necessary before peening applications can be controlled and automa-
ted. This is the only way in which complex matters can be described, simplified and automated.

The KSA — Kugelstrahlzentrum Aachen has an open policy in this respect, because we belie-
ve that the customer has the right to receive documentation covering all the information relevant
to the component and process (= Maximum Transparency).

First the project and customer needs are analyzed and studied with regard to their practicabi-
lity. To do this we feed in CAD data, analyze the specifications of the process and the project
conditions and discuss the necessary production and measuring toolings with the customer.

We proceed as follows for new projects (Fig. 1):
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Figure 1: Shot peening process autornation by KSA

After adopting joint project planning (= Milestone Planning), we work out a possible soluti-
on, define a forming strategy and produce a first qualification specimen. For this we use our
know-how regarding the process, our existing data sheets on peening process parameters and on
projects (= Expertise / Data Library) and/or our evaluation of smaller previously-defined sam-
ples which have been subjected to shot peening treatment (Fig.2).

The latter, which are often described as intensity curve samples having the same material and
thickness, enable us to determine how to approach the project without processing or losing an
original component.

Programming of the peen forming strategy takes place off-line. We log, control and finally
regulate production of our first specimen with our models for on-line acquisition, control and
documentation of the peening process parameters.

In addition to conventional machine information such as the current axis position, peening
pressure, shot dosing or nozzle velocity over the component, essential process information is
logged and presented in visual form on-line.

This includes the number of registered particles per second and their normal distribution
(= Mass per Surface) as well as shot velocity and shot coverage on the component surface itself
as a function of the time and place of peening [1].

This means an end to the trial and error approach to shot peening for the first time and faci-
litates clear description of the influences of forming on the material.

Our integrated 3D contour measuring with on-line evaluation and representation of contour
lines enables our facilities to actually program themselves to attain the target contour. Our
CNC-/robot-aided nozzle movements and positioning provide an additional guarantee of high
precision, process reliability and control (= State-of-the-Art Shot Peening Facilities). This pro-
cedure means that regularly our qualification components can be used later as series parts (Fig.
3).



Figure 2: Determination of infensity curves and forming parameters

Our model and facility technology and its facilitation of the exact depiction and documenta-
tion of the process allow us to further optimize and automate the forming process (= Reduction
of Sequence Steps and Run Times). Hence, after treating the fourth component we have as a rule
already reached a point at which series production is stable, so that we can achieve the same
peening result as with the first specimen, but with the additional advantage of optimized run
times and sequence steps (= Learning Curve).

Finally, the peening process runs on a controlled and automated basis and can be reproduced
exactly with a high level of process reliability and precision (= Frozen Process). Manual inter-
vention in the peening sequence is neither possible nor necessary.

Despite the large number of applications, there has not been one case in our company’s histo-
1y where a component {rom series production has been rejected because of imperfect shot pee-
ning treatment (= High Process Reliability).

We would like to illustrate the procedure and quality of our controlled shot peening with va-
rious examples from our current production.

Our reference [2] already describes the automated production of ? dome bulkheads for Aria-
ne 5 with shot peening.
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Figure 3: Forming example Airbus A380: qualification panel with precise contours

3 Re-shaping of Laser-welded Fuselage Skin Panels for Airbus A380

Our latest project deals with the re-shaping laser-welded fuselage panels for Airbus A380 [3,4]
(Fig 4).

The components are between 2,700 and 10,500 mm long and have varying sheet thicknesses,
the stringers and skin panels also having varying geometric profiles. The thickness of the mate-
rial ranges from 1.6 mm to 5.8 mm, the material used being various, aluminium alloys for pa-
and stringers (= High Design Flexibility).

As a result of the heat applied during the previous laser welding process, the components are
warped along both their length and breadth.

Therefore, the components have to be re-shaped in a controlled and automated way. To
achieve this, defined shot peening treatment is applied to the area of the fuselage skin panels on
the inside of the component which was initially influenced by the heat.

The qualification work which is necessary for the later re-shaping shot peening process is
currently carried out successfully in Aachen on our two 7-axis CNC-/robot-controlled shot pee-
ning facilities for Airbus Deutschland GmbH [4].

It is intended that the re-shaping of the skin panels will finally take place at the Airbus plant
itself with a new, corresponding facility for maximum dimensions of 11,600 x 3,000 x 750 mm
(L x B x H), featuring high process reliability.

Being the systems supplier, this will be our responsibility (= Open Policy, Shot Peening Sy-
stems Integration).
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Figure 4: Controlled re-shaping of laser-welded skin panels for Airbus A380
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