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manufacturing and performance are intricately linked the design may be far from sound,
and problems can arise early in the operation of the aircraft. This paper presents a case
study involving failure of a landing gear strut on a homebuilt motor glider design. The fail-
ure analysis established the importance of fatigue crack initiation and growth in the failure
and identified contributory manufacturing procedures that were subsequently improved.
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1. Introduction

The structural integrity performance of light aircraft homebuilt from kits supplied by the designer is unlikely to be as sta-
tistically reliable as is the case for commercially produced aircraft. There are a number of contributory factors to potential
problems with structural reliability, including:

¢ A limited budget for structural design, testing and certification.

o Limited specialist knowledge of complex materials—processing-performance interactions, e.g. fatigue and stress corrosion
cracking.

e Limited understanding of damage-tolerant design and the importance of appropriate and reliable inspection.

o Potential consequences of variability in quality of bespoke manufacturing.

e Unknown and variable stresses associated with, for example, the use of unpaved runways.

The homebuilt nature of the aircraft means that the culpability of the designer of the kits for the consequences of any
structural accident is limited, provided that the design is structurally sound. In the case of phenomena such as fatigue where
materials, manufacturing and performance are intricately linked (illustrated schematically in Fig. 1) this may not be the case
and problems can arise early in the operation of the aircraft.

However, sophisticated and widely available strain gauging, finite element and fatigue analysis techniques can easily be
linked together and brought to bear on critical aircraft components, such as the undercarriage struts. This could be done at
the design or prototype stages of the production cycle, but commercial and expert knowledge constraints render this more
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Nomenclature
Ce environment factor
C surface factor
Cu material factor
Co surface roughness factor
Cr mean stress factor
Cs size factor
D damage number
k slope of the S-N curve
k* slope of the modified Liu-Zenner curve
K, stress concentration factor
m slope of constant amplitude crack growth curve
N number of cycles
n number of applied cycles
np bending support effect
N, number of cycles at the endurance limit
N; life at ith load
n; number of applied cycles at ith load
Ny notch supporting effect
R stress ratio (Omin/0max)
R, surface roughness
Samax maximum stress amplitude in the applied stress spectrum
UTS ultimate tensile strength
X sum of the specified ranges
o stress
Oq stress amplitude
Te stress at endurance limit
ou ultimate tensile strength
Material Properties
e.g. Composition
Microstructure
Surface finish
Strength/fracture toughness
Susceptibility to environment
Performance
Life
Reliability
Inspection
/ Maintenance
Design < > Manufacturing
e.g. Stress raisers IProcessing
Dimensions/Stress levels e.g. Heat treatment
Component inspectability Surface protection

Stress raisers/Defects

Fig. 1. Illustration of the complexity of the design-properties-processing-performance interaction for safety—critical components.

likely to occur subsequent to structural failure. The process then demonstrates the utility of failure analysis input into
designing for structural integrity and into verifying the reliability and performance of key components.
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