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EXECUTIVE SUMMARY / ABSTRACT

Traditionally, most of the fatigue life characterisation is performed using constant sinusiodal
loading. However, the great majority of engineering components are subjected to variable
amplitude loadings. The study on fatigue life under the variable amplitude loading is more
complex due load interaction and sequence effects, and less reported. Besides, the material
properties of components used in the fabrication cannot be exactly consistent due to
uncertainties associated with the size effect, machining and manufacturing conditions. These
uncertainties factors should be considered as random variables that results in variation of the
fatigue life curves. The fatigue life probability based on variable amplitude loadings need to be
developed and worthy to an accurate life prediction based on signal processing approach.
Therefore, the main objective of this research is to propose a fatigue failure probability model
based on strain signal characteristics. In this study, strain gauges were attached to an
automobile steering knuckle connected to the data acquisition set in order to capture actual
strain signals when driving onto different road profiles. The strain signals were analysed
statistically to determine their behaviour and correlate with fatigue damage that evaluated using
finite element commercial software.Experimental fatigue lives were performed to develop the
stress life curves. A variety of fatigue strain signals that affected by different road surfaces
condition is then used to predict the fatigue failures probability. The expected outcomes of the
fatigue failures probability from experimental and simulation can be used to predict the actual
failure of the components.

1.  INTRODUCTION

In design features reliability, the behavior of materials around the feature itself needs to be
thoroughly understood to preserve the safety and integrity of the structure or its components,
especially when they are subjected to stress of variable amplitudes. Fatigue failure and its
mechanism associated with variable amplitude loading (VAL) are important in quantifying fatigue
crack growth rate and fatigue life, which is becoming increasingly more complex. An accurate
fatigue life prediction requires an adequate evaluation of the load interaction effects that exist in
the VAL.

In this research, variable amplitude loading is captured from the automobile steering knuckle as
a case study. Steering knuckle is one part of the vehicle’s steering and suspension system
which undergoes time-varying loading during its service life. This system provides a means
whereby driver can place his vehicle accurately where he wants it to be on the road. This system
also means in keeping the vehicle stable on course regardless of irregularities in the surface
over which the vehicle is travelling. Any failure in these components results immediately in loss
of the orientation of the vehicle.

Signal processing is performed to collect information in certain signals. For example, signal
processing technique was used in analysis fatigue strain signal, vibration signal, ultrasonic signal
and acoustic signal. For fatigue analysis, signal processing technique used to analyze fatigue
strain that varies their amplitude with time. Signal processing technique is used to relate the
fatigue signal and fatigue damage.

The fatigue life of structures or components is a function of many variables, which may produce
scattered results. The material properties of components used in the fabrication cannot be
exactly consistent due to uncertainties associated with the size effect, machining and
manufacturing conditions. These uncertainties factors should be considered as random variables
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that results in variation of the fatigue life curves. Besides, the scattered in loading variables may
also produce variable fatigue life. This problem leads to the necessity of performing statistical
analyses during designing and manufacturing for the safe utilization of materials.

2. OBJECTIVES OF RESEARCH

Structural or engineering components are prone to fatigue failure when subjected to a certain
number of cyclic loading, which is normally occurs below the ultimate strength of material.
Fatigue failure usually occurs without warning after a progressive degradation of the material
subjected to cyclic loadings. Fatigue failure may ensue in a wide range of application, from
simple objects to complex structures such as automotive, marine, and aircraft components.
Therefore, the fatigue life assessment of engineering applications is highly important.

The maijority of the fatigue life characterization of a material is performed using a constant
sinusoidal loading, which is easier to accommodate with most of the fatigue testing machine’s
capabilities and to simplify the analysis. However, in actual applications most of the engineering
components are subjected to stress amplitude that varies with time. Thus, the failure mechanism
associated with VAL is important to understand in order to quantify the crack growth rate and
fatigue lifetime under the VAL condition. Predicting of fatigue life and crack propagation
becomes increasingly more complex under variable amplitude loadings due to load interaction
and history effects.

In term of automotive applications, the fatigue life of their components is a function of many
variables including the variability of the loading conditions. This problems leads to the necessity
of performing the fatigue life prediction based on fatigue data of the real road profiles.
Furthermore, probability of failure based on statistical analysis need to be developed in assisting
the fatigue life prediction during designing and manufacturing for the safe utilization of materials.

Therefore, the objective of the present study is to investigate the fatigue strain signal behavior
of automobile steering knuckle while driving on different road profiles, correlates the signal
pattern with fatigue damage and propose a fatigue failure probabilitybased on signal processing
of the strain signal characteristics.

3. RESEARCH METHODOLOGY

(a) Capturing fatigue strain signal history from automobile steering knuckle.

(b) Analyze of fatigue strain signal behavior using statistical method.

(c) FEA based fatigue life — determine the critical area, fatigue damage & fatigue life.
(e) Experimental fatigue life

(f) Fatiguefailure probability study

4. RESULTS/FINDINGS

In this study, the critical area on the steering knuckle is successful determined using commercial
finite element software.The steering knuckle is modeled using computer-aided design software,
in which the dimensions are assigned according to 3D scanning files.Results indicated that the
maximum stress occurred at the point under the strut mount. This area is identified as a critical
area for the steering knuckle where fatigue failure may occur. The strut mount is essentially
connected with the shock absorber, which supports the majority of the car weight. Furthermore,
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the induced force also comes from the VAL generated from the uneven surface of the road
condition.

A set of VAL data is then obtained using a strain gauge fixed on the steering knuckle of the 1300
cc automobile. The fatigue strain signal is captured while traveling on four different types of road
surfaces, i.e. residential area road, rural road, country road and highway. The fatigue strain
signal behavior were determined using statistic approach. Statistical values such as maximum,
minimum, mean, range,r.m.s., kurtosis and PSD are successful differentiate the signal
behaviors. Residential area road showed the highest values of signal range, r.m.s, kurtosis and
PSD. This high strain range indicates that the steering knuckle experienced a significant
displacement when the automobile is driven on the road bumper. The magnitude of
displacement or elongation is at a specified and localized area on the steering knuckle, which is
measured by the strain gauge in the form of time series history. Meanwhile, highway road
showed the lowest since their road surface is smoother compared to others.

The fatigue strain signals areused as the VAL in the fatigue damage simulations of automobile
steering knuckle. Fatigue failure occurs a material weakens due to repeated load application. It
is the progressive and localized structural damage that occurs when a material is subjected to
cyclic loading. In this case, fatigue damage may initiate at the critical area on the steering
knuckle before propagating enough failures. Results of simulation from four types of fatigue
strain signals showed the same location of fatigue damage, which is located at the neck of the
strut mount. The simulation reveals that residential area road strain signal contributed to the
highest fatigue damage with 7.28x10™, followed by rural road strain signal 2.02x10™, country
road strain signal 1.15x10™* and highway strain signal 4.16x107°. The fatigue damages are also
analyzed and compared using different type of fatigue damage models. The damaged values
arethen significantly correlated with the statistical signal behavior values.

The last part of the study is to propose a fatigue failure probabilitybased on signal processing of
the strain signal characteristics. In term of automotive applications, the fatigue life of their
components is a function of many variables including the variability of the loading conditions.
This problems leads to the necessity of performing the fatigue life prediction based on fatigue
data of the real road profiles. Damage data from the studies are compiled and analyzed to obtain
the probability percentage. The probability graphs based on different damage models and
different road surfaces condition are successful developed. From that, fatigue life of the
automobile steering knuckle can be predicted and justified.

5. CONTRIBUTIONS OF RESEARCH

In this study, actual fatigue strain signal is captured from the steering knuckle of a 1300 cc
national automobile while traveling on a residential road surface. This VAL is then used as input
loading for fatigue analysis. Previously, there is no fatigue strain signal pattern of automobile
steering knuckle reported. Thus, the obtain fatigue strain signals for different road surfaces can
be used as a referenceVAL of the automobile steering knuckle. The fatigue strain signals were
successful correlated with fatigue damage, which can be further used as an indicator based on
the signal processing approach. The fatigue life probability of the automobile steering knuckle
also contributed to a better prediction of the fatigue life by considering different condition of the
road surfaces.
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7. CONCLUSION

From the study on fatigue strain signal behavior of automobile steering knuckle,correlation of the
signal pattern with fatigue damage and the fatigue failure probability, the fatigue life can be
predicted based on signal processing of the strain signal characteristics. Furthermore, the
obtained fatigue strain signal pattern from different road surface conditions can be used as a
reference for further investigation of fatigue life under the VAL.
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