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Abstract. This paper reviews research and development in structural health 
monitoring for aircraft and ships, which have been carried out in the last decade or 
so in Australia. The major focus of the paper is on innovations in health monitoring 
of metallic structural components, although some related developments in 
composites are also addressed.  
 The research programs described have resulted in significant advances, ranging 
from innovative strain and fatigue monitoring to ongoing efforts to develop 
prognostic corrosion management of structures. Associated technology 
developments have occurred across the spectrum, from innovative sensor 
development to new technologies for system powering to complex modelling to 
demonstrator applications. 
 Future challenges in implementing structural health monitoring, which have 
been identified in the Australian research programs, are also briefly addressed. 

Introduction  

Over many decades, Australia has been among leading nations in developing structural 
health monitoring (SHM), especially as applied to defence aircraft. Much of this very early 
research was undertaken at Defence Science and Technology Organisation (DSTO), now 
renamed Defence Science and Technology Group. Among other advances, DSTO
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scientific developments were undertaken in various universities and research laboratories 
(particularly DSTO), and were often linked to industry. Section 2 of the paper describes the 
significant progress made in developing SHM to assess environmental degradation in 
metallic aircraft components, with corrosion continuing to be a major research driver for 
SHM development. Section 3 outlines development of a range of diagnostic techniques to 
monitor other degradation mechanisms in aerospace systems (e.g. fatigue cracking). 
Section 4 presents highlights of some recent maritime SHM studies in both metallic and 
composite structures. Throughout the review, an emerging focus on extending beyond 
diagnostic to prognostic SHM is clearly evident. 
 
2. Structural Health Monitoring of Aircraft for Corrosion 

 
Reducing the cost of corrosion maintenance is a major driver for the development of 
diagnostic and prognostic SHM of aircraft. A wide variety of diagnostic technologies based 
on environmental measurements and nondestructive evaluation techniques are potentially 
applicable to detecting, monitoring and quantifying environmental degradation in aircraft. 
However, corrosion is often in difficult to access or hidden locations within multiple 
structural layers, a large area often needs to be monitored requiring distributed sensing or 
scanning, and inspection can involve expensive and potentially damaging component 
disassembly. Hence, a significant focus has been given to developing sensors and systems 
to enable in-situ diagnostic corrosion monitoring. In addition, significant resources have 
been directed towards developing a health management system with prognostic capability 
using data from diagnostic in-situ monitoring and corrosion modeling. 
 
2.1 Sensor Systems for In-situ Environmental Degradation and Corrosion Monitoring 

 

Much of the Australian focus on sensor/system development has been on a multi-sensor 
approach and light-weight packaging of sensor/electronics systems and the validation of the 
integrated system. For example, in a joint DSTO/MiniFAB project, Wilson et al. [6] 
developed a small, low-power networked corrosion sensor suite which included an electro-
chemical sensor, time-of-wetness sensor (ToW), temperature and humidity sensors. The 
sensor suite was interfaced to light-weight, specific sensor electronics. In a separate 
collaborative program between DSTO and BAE Systems Australia [7], a comprehensive 
assessment and validation of a modified sensor suite was carried out 
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Commonwealth Scientific and Industrial Research Organisation (CSIRO) recently 
demonstrated the use of embedded magnetic nanoparticles as potential sensors for the 
depletion of corrosion inhibitor molecules in corrosion environments [12]. By monitoring 
changes in their magnetic state in such environments, strong correlations were established 
with the amount of remaining inhibitor molecules. Other researchers have also explored 
inserting sensors under paint, sealants or other corrosion-prevention coatings. DSTO 
developed a novel thin wire sensor for use under paint or sealants [13]. More recently 
Deakin University [14] developed a multi-electrode array to monitor corrosion under 
disbonded coatings, this latter work being more directed towards pipelines.  

While the multi-sensor suites outlined early in this section have achieved some 
maturity, the optical fibre and other advanced technologies described here require more 
extensive validation to enable effective implementation.  
 
2.2 Towards Corrosion Health Monitoring and Prognostics 

 
Following on from the pioneering DSTO corrosion diagnostic monitoring work on a range 
of defence aircraft, Trathen [5] described several subsequent programs.  The first was 
collaboration between CSIRO, DSTO, Boeing (US), Boeing (Australia) and the Royal 
Australian Air Force, and involved installation of a corrosion monitoring system in a 
Boeing 707. The data was to be input into the wider CSIRO program on Intelligent Health 
Monitoring for Aerospace Vehicles, using a system based on the principle of network 
intelligence utilising autonomous sensing agents [15,16]. The preliminary Boeing 707 data 
established the connection between local microclimate and corrosion events. The 
microclimate modelling approach was further developed through laboratory trials on a 
laboratory simulation of a subsection of the lavoratory/galley section of a Boeing 747-400 
aircraft.  Data were also collected from sensors installed on 747-400 aircraft. The overall 
system developed showed a high level of accuracy in predicting development of corrosion. 

Trathen [5] also briefly outlined a planned Concept Technology Demonstrator 
(CTD) Program to be undertaken by BAE Systems Australia with technical advice provided 
by DSTO. This CTD has since enabled validation of a Corrosion Prognostic Health 
Management (CPHM) System [17]. The CPHM System involved integrating measurements 
from state-of-the-art systems (developed and validated in the DSTO
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3.1 Advanced Systems for Impact Damage in Ceramic Foam 

 

In parallel with their corrosion prognostics program, CSIRO in partnership with NASA 
developed a SHM concept demonstrator / experimental test-bed for use in detecting high-
velocity impacts on a ceramic foam overlay [18]. The set-up simulated impact of a 
micrometeoroid on a space vehicle. Two approaches were investigated, one using AE 
transducers and arrays of thermal sensors, and the second based on self-organisation in a 
multi-agent system. The system comprised a large number of semi-autonomous local 
sensing agents, each able to sense, process data and communicate with neighbours. The 
system, based on fibre-optic sensing, had both scalability and robustness.   
 
3.2 Innovations in Crack Monitoring ♠ Eddy Current Arrays; CVMTM  

 

Monitoring fatigue cracking is a critical issue in ensuring aircraft safety, with many 
diagnostic technologies developed for use in associated programmed maintenance 
inspections. However, as in the case of corrosion, cracking can occur in inaccessible 
locations, requiring inspections which can result in complex disassembly and associated 
risk of damage. Thus, use of in-situ sensor arrays for large-area SHM is particularly 
attractive. One promising Australian example is the innovative DSTO development and 
application of permanently-mounted conformal array eddy-current sensors for fatigue crack 
monitoring in aluminium components [19]. The sensors were in the form of flat spiral coils, 
which were wirelessly interrogated and used to monitor cracking in an ex-service F/A-18 
bulkhead undergoing fatigue testing. Further improvements identified by DSTO for future 
field application of this technology include the need to address optimal sensor placement, 
extend sensor coverage, and develop algorithms for automated defect identification.   

Australian company Structural Monitoring Systems (SMS) has long been active in 
applying its innovative Comparative Vacuum Monitoring (CVMTM) technology [20]. CVM 
operates on the principle that a small volume maintained at a low vacuum is extremely 
sensitive to any ingress of air, and a CVM sensor is thus sensitive to any leakage, such as 
caused by crack initiation or growth [21]. Complementary Australian research has included 
investigation of CVM for health monitoring of bonded composite aerospace structures and 
scarf repairs at Royal Melbourne Institute of Technology University (RMIT) [22]. 
Internationally, the technology has been used on a wide number of commercial aircraft 
demonstrators, including on Boeing 737 narrow-body aircraft flown by Delta, and notably 
has received approval by Boeing and the FAA [23]. 
 
3.3 Advances in Guided Wave Technology 

 

Guided-wave technology has proved extremely valuable in the past in large-area scanning 
to detect damage in aircraft structures. However, quantification of damage and eventual 
prognostic SHM relies on complex analysis of data requiring underpinning theoretical 
modelling.  Hence, recent Australian work undertaken at RMIT on analytical solutions for 
in-situ near-field imaging and mapping of laminar damage in plate-like structures is 
particularly significant [24]. This work is an important step in progressing from early 
detection and location of damage to quantification. The research follows earlier Lamb wave 
studies developing inverse methods for quantitative assessment of delamination damage in 
composites [25], and establishment at both RMIT [26] and University of Queensland [27] 
of Lamb-wave sensor requirements for in-situ imaging of damage.  

DSTO has also provided insight into the use of Lamb waves and acousto-ultrasonics 
for SHM, through modelling, experimental studies, and sensor studies (including use of 
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optical fibres) [28,29]. Early applications included testing coupons simulating primary 
structural elements of a Tiger helicopter following composite repair, with damage in the 
critical bond-line region detected [30]. A follow-on study was undertaken to assess 
durability of the low-profile piezoceramic transducers used in the trial, with some simple 
metrics for transducer degradation identified for future applications [29]. In other useful 
trials linking DSTO and Monash University, improved determination of elastic properties 
of woven composite panels was achieved, enabling more accurate Lamb-wave simulations 
for future SHM applications [31]. 
 
3.4 System development ♠ Vibration Energy Harvesting 

 

Significant effort has been directed by DSTO to vibration energy harvesting, which is a 
foundation technology for powering many in-situ SHM systems (especially retrofitted 
systems). Several designs have been investigated, including a bi-axial magnetoelectric 
vibration harvesting approach, based on a vibrating spherical-mass, magnet and wire-coil 
transducer arrangement [32]. Considerable modelling, laboratory validation and durability 
studies have also been carried out on this system. Recently a hybrid rotary-translational 
harvesting approach was also developed, using a spherical permanent magnet and cycloidal 
motion as a mechanical amplifier, and proved more efficient [33]. 
 
3.5 Thermoelastic Stress Analysis for SHM 

 

DSTO has also been at the forefront of development of thermoelastic stress analysis (TSA) 
and associated imaging for many years [34]. Recently, the focus has been on the 
development of miniature, robust microbolometer-based systems for full-field stress 
measurement [35]. This technology was successfully demonstrated in a case study during 
laboratory fatigue testing of an aluminium alloy aircraft bulkhead, and shows considerable 
promise. For the future, microbolometer-based arrays and integration of the technology 
with autonomous systems have been proposed for SHM implementation [29,34].  
 
4. Maritime SHM Applications 

 
Australian researchers and industry have been actively engaged in developing SHM for 
defence maritime applications, leveraging off system development in the aerospace domain. 
 

4.1 SHM of Aluminium-hulled Vessels 

 
Some years ago, DSTO initiated an innovative SHM program to facilitate through-life 
management of the hulls of aluminium-hulled Defence Armidale-class patrol boats.  HMAS 
Glenelg was selected for the first stage of the program, undertaken in partnership with the 
original boat builder Austal (Henderson, Australia) [36,37]. The boat was instrumented 
with 100 sensors located at 22 points through the vessel. The aim was to monitor strain, 
load and corrosion, both to assess potential materials degradation and life management, and 
also to inform future design capability.  Conventional and experimental sensors were used, 
in conjunction with DSTO-designed signal acquisition, networking and data acquisition 
technologies. The sensor network included 15 strain rosettes, 11 3-axis micro-
accelerometers, 4 corrosion sensor suites, a 6-axis motion sensor (for reference), a GPS unit 
and stand-alone embedded PC and related power and network control electronics [36]. 
Later, some additional strain gauges were also installed [38]. The structural sensors were 
commercial but interfaced to DSTO modules. The corrosion and environmental sensors 
included DSTO electrochemical sensors and commercial temperature and humidity sensors. 
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This prototype system, which was developed to provide a reliable, adaptable, low-powered 
system for marine platforms, served well, though loss of functionality and power 
interruptions resulted in some gaps in recorded data [38].   

Extensive data analysis has been conducted on the approximately 14,000 hours of 
data recorded on the HMAS Glenelg monitoring system during a period between 2009 and 
2014 [38]. The major focus to date has been on fatigue damage assessment. A number of 
different approaches are available for such assessment.  In the HMAS Glenelg case, the 
analysis was based on a cumulative damage approach and use of the Eurocode 9 code for 
curves of stress versus number of load cycles.  Adopting this approach, estimates were 
made of the relative fatigue lives at several strain gauge locations, followed by estimates of 
relative fatigue life at stress critical locations.  

An enhanced SHM system has been recently installed on a second aluminium-
hulled patrol boat, HMAS Maryborough. This system includes hull-penetrating pressure 
sensors to measure the measurement of pressure exerted on the hull during slamming 
events [39]. Analysis of future data from this boat, along with further analysis of the data 
from HMAS Glenelg, will inform future operation of the boat class, and decisions relation 
to platform upgrades, life extension and fleet replacement options. 
 The SHM data acquisition systems on HMAS Glenelg and HMAS Maryborough 
offer opportunities for utilisation in other monitoring applications. To this end, 
torsionmeters to monitor fouling were successfully fitted to the hulls of both boats and 
interfaced to the SHM systems. This should enable long-term assessment of the 
effectiveness of marine anti-fouling measures on the boats, which affects performance and 
fuel efficiency [40,41].  
 
4.2 SHM of Marine Composites using Optical Fibres 

 
Composite materials are increasingly used in large maritime structures due to advances in 
design, manufacture and assembly. In Australia, early research effort at RMIT and DSTO 
validated the use of embedded fibre-optic Bragg-grating sensors for health monitoring of 
composite marine joints, such as in minehunter vessels [42]. Subsequent work at the 
Cooperative Research Centre for Advanced Composite Structures addressed improving 
fibre embedment performance, coating performance and grating termination. In recent 
years, the focus has changed to packing and mounting Bragg grating arrays for SHM of 
large composite structures, with a comprehensive study undertaken by DSTO and 
Swinburne [43]. This resulted in a simple and inexpensive vacuum-assisted infusion 
method for the application and bonding of optical fibre sensor networks to large structures. 
The study showed that sensors can be bonded over large distances, making a large-scale 
fibre optical sensor network feasible. 

DSTO has also undertaken a series of trials on fibre-optic Bragg gratings for 
distributed strain monitoring in a composite hydrofoil [44,45]. In a preliminary study [44], 
the sensors were embedded just below the top and bottom surfaces of the foil, with surface 
strain able to be measured under different hydrodynamic loading conditions. A follow-on 
study on a large composite hydrofoil was undertaken, as a lead-in activity under a 
composite propeller project agreement between Australia Defence and US Department of 
Defence [45]. A network of optical fibre Bragg grating arrays was successfully applied to 
the surface of a composite hydrofoil for measurement of surface strains during full-scale 
structural testing. Some issues were encountered where there was a large change in cross-
sectional thickness in the structure, due to the effect of cooling of the adhesive used for 
sensor attachment. Additional testing using appropriate room-temperature cure adhesive 
will therefore be required to validate future in-service application of the technology [45]. 
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5. Conclusions and Future Work 

 
This review paper shows that Australian research laboratories (particularly DSTO), 
universities and industry have contributed significantly to the development of SHM for 
both aerospace and maritime systems, with major defence-related innovations in both 
diagnostic and prognostic SHM. Some of the technologies described are at a high 
technology readiness level (TRL), whereas others are at a very preliminary stage. Even for 
the higher-TRL developments, significant challenges remain, including in increasing 
efficiency of data processing [46], and extending current prognostic modelling to other 
damage types. Further consideration also needs to be given to the overall reliability of  
SHM systems and any prognostic models used to estimate damage level and impact on 
component life. This is an issue well recognised internationally [47], and one where 
Australia has some relevant experience in model-assisted reliability of inspection [48]. 
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