
Computer-Aided Design & Applications, 5(6), 2008, 953-962

953

Computer-Aided Design and Applications
© 2008 CAD Solutions, LLC

http://www.cadanda.com

Computer Aided Process Planning in Aircraft Manufacturing

Ramy F. Harik1, William J. E. Derigent2 and Gabriel Ris2

1Lebanese American University, ramy.harik@lau.edu.lb
2Université Henri Poincaré - Nancy I, william.derigent@cran.uhp-nancy.fr

ABSTRACT

Aircraft structural parts make around 1% of the total aircraft components. At present, the production
cycle of several components families is within the range of few hours. Conversely, the production of
structural parts is mainly a human-made operation with manufacturing complexity increasing with
the part’s morphology. The delicate thin elements and the presence of complex surfaces – mainly
ruled surfaces which acquires the external aircraft body shape – sets the production time of
mechanical structural parts ranging from few hours (for basic parts) up to over 20 days (for complex
parts). The main loss of time is identified in the process planning field. This paper presents at first a
review of the production numerical chain, and then offers a review of existing Computer Aided
Process Planning (CAPP) software and their points of failures. We follow with the presentation of
the USIQUICK project and the resulting CAPP software functions and prototype. We conclude the
paper with a review of the main results setting the domain of our current and future research.
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1. INTRODUCTION
The complex morphology of aircraft structural parts made it hard to automate the numerical chain of production. The
current manufacturing process is time-consuming and requires an experimented process planner with good knowledge
of the manufacturer workshop. This human analysis of the part induces additional visibility errors. The human
operators might miss minor manufacturing features leading to a product unfaithful to the original design. Both reasons
– Time saving and Errors reduction – forces aerospace industries to research on automated process planning systems.
Whereas research in CAD/CAM fields debuted in the 1950’s, the CAPP field was left over till the early 1980’s. Original
research in the CAPP domain treated revolution and 3-axis prismatic parts, once again leaving 5-axis structural parts
for manual operations.

1.1 Context: Manufacturing of 5-Axis Aircraft Structural Parts
Aircraft 5-axis parts are geometrically complex and constrained by weight reduction needs. Figure 1 shows an example
of a structural part and its location. The part is shaped in all directions with few prismatic areas. These multi-directional
extrusions harden the capacity to identify the manufacturing fixtures and the minimal billet. The existence of multi-
pockets and thin walls hardens the manufacturing operations sequences. The manufacturing of these particular areas is
subject to a particular modus operandi. Ruled surfaces require the administration of flank milling processes and the
machine kinematics and accessibility. These reasons – in addition to low production scales – discourage mechanical
software industries to develop automated process planning software. This left-over creates a consequent disconnection
in the numerical chain of production.
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Fig. 1: Example of an aircraft structural part and its complex morphology (Falcon 7X – Dassault Aviation).

1.2 The Numerical Chain: From Specifications to the Product or from a Product to the Product
The positioning of Process Planning in the Numerical Chain is critical to the understanding of potential CAPP software.
Figure 2 shows that there are two main numerical chains depending on the starting point. The first numerical chain
starts with the specifications of a desired product and sequences design (CAD), process planning (CAPP), numerical
manufacturing (CAM), Prototyping, Manufacturing and Quality Control to verify that the product answers the given
specifications. The second numerical chain – often encountered in aircraft industries – is the re-manufacturing of an
existing product. Older aircrafts do not have a numerical model of their mechanical parts. If a part needs replacement
we proceed with the digitization and model reconstruction of the part to obtain the CAD Model. Then we proceed with
the same sequence as the first chain.
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Fig. 2: CAPP in the Numerical Chain and the traditional operator approach.

In both chains, CAPP lies between CAD and CAM. The functionality of the Process Planning operator is to prepare the
required information for the tool trajectory generation. The operator often divides his approach into two main parts:
Roughing and Finishing. While the roughing part consumes a reasonable amount of time, the finishing one – with its
intuitive approach – requires an average of 150 hours to generate one process plan for one part.












