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Abstract

The adverse properties of composite bond structure, such as complex process and environmental sensitivity, are
complex and challenge the airworthiness work of it. Based on the advanced technical research in bonded structures
and the successful engineering practices employed in the industry, the technical issues and certification
considerations in the bonded structures’ airworthiness work are analyzed so as to provide information considered as
guidelines or recommendations for the airworthiness work of boned structures. The key technical issues in bonded
structures’ airworthiness work include: (1) material and process qualification and control, (2) design development and
structural substantiation, (3) manufacturing implementation, (4) repair implementation, (5) service experience. The
certification considerations in bonded structures’ airworthiness work include: (1) design and construction, (2)
structural substantiation, (3) production, (4) continued airworthiness, (5) other elements.

© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

Selection and peer-review under responsibility of Airworthiness Technologies Research Center, Beihang University/NLAA.
Keywords: airworthiness; composite; bonded structure; technical issue; certification consideration

1. Introduction

The advantages of bonded structures over conventional mechanically fastened structures are well
known, and this technology is widely used in both aircraft manufacturing and maintenance [1]. However,
with the more widespread use of bonded structures for civilian aircraft, more and more technical issues
emerge such as complex process and environmental sensitivity, which challenge the airworthiness work of
boned structures. The complicity of bonding technical issues requires the government agencies and the
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aircraft industry combine their adhesive bonding experiences and technical insights to gain mutual safety
benefits. In 1999, the Federal Aviation Administration (FAA) cooperate with industry, government
agencies and academia, and established the Composite Safety and Certification Initiatives (CS&CI)
program for work to update certification guidance materials (such as “Static Strength Substantiation”,
“Materials Qualification and Equivalency”) and support standardized composite engineering practices. In
2004, the FAA conducted a survey and two workshops to benchmark industry practices for structural
bonding.

Based on the advanced technical research in bonded structures and the successful engineering practices
employed in the industry, this paper analyzes the technical issues and certification considerations in the
bonded structures’ airworthiness work so as to provide information considered as guidance or
recommendations for the airworthiness work of boned structures.

2. Technical issues in the airworthiness work of bonded structures

Key technical issues for bonded structures depend on many factors because of the complicity [2]. So,
successful applications rely on coordinated engineering work, which crosses several disciplines including
material, process, design, analysis, manufacturing and repair. The bonded interface between substrate and
adhesive materials contributes to the complexity. In addition, controls have been developed for all the
material or process used in aircraft structure so as to yield a bond with reliable and repeatable
performance.

The structural integrity and long-term durability of materials and processes used in bonding should be
demonstrated so that they can meet the qualification standards. Once qualified, the use of material and
process controls can ensure these standards are met in subsequent production and maintenance activities.
Except the factors of manufacturing, tooling and maintenance considerations, the design of bonded joints,
attachments or repair details also needs to consider the load paths and local stress distribution. The
implementation of bonding procedures, process controls, documentation, and training in -either
manufacturing or repair, or both, ensure the reliable production of the proven structural concept.

2.1. Structure Material and Process Qualification and Control

In qualification, the stiffness, strength, durability and reliability of bond materials and processes for
aircraft applications are demonstrated. Such efforts begin with defining bonding processes and selecting
compatible substrate, adhesive, and ancillary materials.

Evaluate structural performance, environmental effects and long-term durability in qualification tests.
Also, it is important to establish processing tolerances, material handling and storage limits, and key
characteristics and process parameters to monitor in quality control [3]. Most bond failures and problems
in service are due to invalid qualifications or insufficient quality control of production processes.

The bonded joint design configuration, loading requirements, environmental conditions and chemical
resistance to fluids found in service should be considered when choosing adhesive and substrate material.
Reduction in strength properties at the maximum operating temperature (MOT) should be known for each
application.

Define the bond fabrication procedures and perform the trials that demonstrate compatibility between
the substrates, adhesive, and processes. Some of the most important process steps relate to substrate
storage, handling, and surface preparation. Reliable adhesive bonding depends on a surface free of
contamination, a chemically active surface, and a surface resistant to hydration.

The storage, handling, and surface preparation procedures depend on the specific substrate and
adhesive materials.
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