Acoustic emission beamforming for enhanced damage detection
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ABSTRACT

As civil infrastructure ages, the early detection of damage in a structure becomes increasingly important for both life
safety and economic reasons. This paper describes the analysis procedures used for beamforming acoustic emission
techniques as well as the promising results of preliminary experimental tests on a concrete bridge deck. The method of
acoustic emission offers a tool for detecting damage, such as cracking, as it occurs on or in a structure. In order to gain
meaningful information from acoustic emission analyses, the damage must be localized. Current acoustic emission
systems with localization capabilities are very costly and difficult to install. Sensors must be placed throughout the
structure to ensure that the damage is encompassed by the array. Beamforming offers a promising solution to these
problems and permits the use of wireless sensor networks for acoustic emission analyses. Using the beamforming
technique, the azmuthal direction of the location of the damage may be estimated by the stress waves impinging upon a
small diameter array (e.g. 30mm) of acoustic emission sensors. Additional signal discrimination may be gained via array
processing techniques such as the VESPA process. The beamforming approach requires no arrival time information and
is based on very simple delay and sum beamforming algorithms which can be easily implemented on a wireless sensor or
mote.

1. INTRODUCTION

Civil infrastructure around the world is reaching the end its intended service life. In many cases there are known
problems with the structure such as cracking or corrosion, but the severity of this problem is not known, and the
evolution of this problem over time cannot be accurately predicted. The economic benefits of extending the life spans of
these bridges and buildings are enormous, but there is a great need for an effective, efficient, and reliable method of
monitoring and evaluation. Currently, most monitoring is in the form of visual inspections, but these inspections are
infrequent, and in many cases omitted. Passive structural health monitoring techniques such those using strain
measurements and modal analysis can be used to provide some indication of the health of a structure, but the method of
acoustic emissions (AE) offers the potential for damage localization and predictive capabilities.

The method of acoustic emission is usually very costly compared to other forms of structural health monitoring
because it requires very high sampling rates and, for localization analyses, extremely precise time synchronization
between many sensors. Additionally, the results of acoustic emission analyses are often difficult to interpret and hard to
relate to the health of the structure. The beamforming techniques described in this paper offer a first step towards
increasing the reliability of the method while also decreasing costs. Beamforming methods can be used for accurate
azmuthal direction of arrival determination and for rough localization without the use of complicated analysis routines
such as the picking of P-wave arrival times. Additional signal discrimination can be achieved through the use of array
processing techniques such as the VESPA process. Finally, the beamforming approach relaxes the need for exact time
synchronization between spatially distant sensor arrays, which allows wireless sensors to be used for acoustic emission
applications. Wireless sensor networks associated with the method of acoustic emissions are described in detail in
Grosse et al.! These wireless systems are easy to install, easily scalable to the many different types and sizes of civil
engineering structures and are more cost efficient than traditional wired systems.

Acoustic emission beamforming is an analysis approach which is drastically different from traditional acoustic
emission analyses. Traditional analyses use either several sensors and “count” acoustic emissions or collect statistical
measures of acoustic emissions which are very qualitative in nature or they rely on a very large array of at least eight
sensors distributed over a large area in order to locate the sources of the acoustic emission analysis via triangulation®”.
Conventional acoustic emission source location methods use complicated analysis routines, rely on very accurate arrival
time information from arrays of sensors physically located many meters apart, and require exact time synchronization of
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