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Abstract 

 

A novel procedure for installation of PZT sensors on composites is developed. The 

procedure is shown, through extensive tests, to be reliable, repeatable and repairable. 

The integrity of the bonded sensors are assessed following the RTCA DO-160 

Environmental conditions and test procedures for airborne equipment. The developed 

bonding film has been tested on both thermoset and thermoplastic coupons and 

compared co-cured and secondary bonded sensors with epoxy. 

 

1.  Introduction 
 

Composites play an important role in the design and manufacture of the new generation 

of aircrafts. However, the manufactures and operators are facing many challenges 

regarding their maintenance and repair. One area of interest which could potentially 

reduce the cost of maintenance is condition based maintenance (CBM) based on 

structural health monitoring (SHM) techniques. SHM techniques consists of 

continuously monitoring the state of the structure with permanently installed sensors 

and using this information for structural diagnosis and consequently prognosis [1, 2].  

The reliability of the diagnosis is closely related to the reliability of the SHM 

components. The components of the SHM system can be divided into on-board 

(sensors, wires, connectors) and ground components (data acquisition system, PC). The 

on-board components must survive the load and environmental conditions of the flight 

without any compromise in their performance. Therefore, their performance must be 

assessed through a range of integrity tests [3]. 

To guarantee a reliable diagnosis, it is necessary to ensure that the transducer 

installation procedure is reliable, repeatable and has the least influence on the 

functionality of the host structure. It is also possible that the SHM transducers being 

damaged during the life-time of the structure. Therefore, redundancy of the SHM 

system is crucial to the reliability of the diagnosis.  

This paper proposes a novel installation procedure for bonding of SHM transducers, to 

composite structures (both thermoset and thermoplastic material). In addition to the 

uniform bondline adhesion, the transducers can be removed and/or replaced easily 

without damaging the sensor or the host structure. The integrity of the bonded 

transducers has been tested through a series of laboratory tests replicating the 

operational and environmental conditions of flight. The performance of the sensors with 

the proposed installation procedure is compared with co-cured and secondary bonded 

transducers on similar coupons undergoing the integrity tests.  
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2.  Proposed Sensor Installation   

 
The developed thermoplastic film allows a uniform bonding thickness which is an 

advantage since previous studies have shown that the thickness of the adhesive layer 

influences the sensor signal [4]. An additional advantage of using a thermoplastic film is 

that it can be used for bonding the transducers onto thermoplastic composite as 

thermoplastics are known to be challenging for bonding other materials to them.  

The development of the thermoplastic film was carried out based on the following 

factors: 

• The heat deflection temperature of the film must be higher than the maximum 

SHM system service temperature (about 80 degrees).  

• The melting temperature of the film needs to be lower than the maximum 

service temperature of the PZT sensors (150 degrees) and the maximum service 

temperature of the host material (170 degrees for thermoset composite). 

• To have a consistent adhesion for repeatability  

Two thermoplastic films were tested for this application, Film 1 is Polyurethane based 

with melting temperature range 100-130◦C; Film 2 is EVA copolymer based with 

melting temperature of 140◦C. The response of the sensors bonded with thermoplastic 

films have been compared to co-cured sensors (which was the installation procedure in 

SARISTU project [5]) and to secondary bonded sensors with epoxy.  

2.1 Experiment setup 

Specimens were manufactured from two types of composites materials: thermoset 

prepreg (M21/T800S unideirectional prepreg from Hexcel) and thermoplastic (PEEK / 

HTA-40 3k 5HS from Toho-Tenax) to test the adhesion quality on different substrates. 

The specimen layup and dimensions, including different bonding technology for each 

specimen, are reported in Table 1.  

Table 1 specimen description 

Material 

 

Panel 

identification 

Bonding 

technique 

Stacking Sequence Thickne

ss (mm) 

Dimensio

ns (mm) 

M21/TS800 M21-CC Co-cured [+45/-45/02/90/0]s 2.208 300 x 50 

M21/TS800 M21-EPX Secondary 

bonding: Epoxy 

[+45/-45/02/90/0]s 2.208 300 x 50 

M21/TS800 M21-TP1 Thermoplastic 

Film1 

[+45/-45/02/90/0]s 2.208 300 x 50 

M21/TS800 M21-TP2 Thermoplastic 

Film2 

[+45/-45/02/90/0]s 2.208 300 x 50 

PEEK/HTA-

40 

PEEK-EPX Secondary 

bonding: Epoxy 

[0/90/+45/-

45/0/90/+45/-45/0] 

2.79 300 x 50 

PEEK/HTA-

40 

PEEK-TP1 Thermoplastic 

Film1 

[0/90/+45/-

45/0/90/+45/-45/0] 

2.79 300 x 50 

PEEK/HTA-

40 

PEEK-TP2 Thermoplastic 

Film2 

[0/90/+45/-

45/0/90/+45/-45/0] 

2.79 300 x 50 

Each specimen consist of 2 DuraAct transducers placed symmetrically 60mm apart 

from each other to test both the sensing and actuating of guided waves. An example of 

the coupons with sensors attached are shown in Figure 1. The integrity tests are detailed 

in the next section.  
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Figure 1. DuraAct transducers bonded to thermoset and themoplastic specimens, sensor 1 is 

secondary bonded with epoxy while sensor 2 is bonded with thermplastic Film 

2.2 Test procedure 

 

The integrity tests carried out to assess the installation include mechanical fatigue, 

temperature variation and humidity following the RTCA DO-160 document for the load 

levels for a regional aircraft. The integrity tests are: 

• Tension-tension fatigue test: load factor 0.1, up to 90,000 cycles in 5 sets. 

• Thermal cycle from 10◦C to 80◦C then to 0◦C. Heating/cooling rate was 2◦C/min. 

• Hot-wet conditioning at 52� at 98% for 48 hours.  

To assess the quality of the bonding, before and after each test two types of 

measurements are taken: electromechanical impedance (EMI) and guided waves 

actuating and sensing. Only EMI result (real part of impedance) is presented here due to 

the limited space. The change of the signals after each test is quantified via root mean 

square deviation. 

3.  Results and discussion  

3.1 Co-cured transducers 

Two transducers were co-cured with the coupon. The results of the real part of the 

impedance, normalized with the pristine value, after each tests for both transducers are 

plotted in Figure  (a) and (b). The sensor 1 stabilizes after the first 10,000 fatigue cycle. 

However, sensor 2 changes significantly with fatigue cycles and thermal cycles.   

  

(a) Sensor 1  (b) Sensor 2  

Figure 2. Signal response after temperature and fatigue tests, M21-CC specimen 

To further investigate the reason behind this sudden change in the sensor response after 

the initial mechanical fatigue load cycle, the profile of the specimen was examined 

under Scanning Electron Microscopy (SEM). The scan in Figure  clearly shows that due 
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to the pressure during curing there is fiber undulation at the edge of the transducers, 

which can cause residual stresses in the specimen. Therefore, co-curing of sensors is not 

a desirable bonding technology.  

  

Figure 3. Result of SEM for co-cured sensors in M21-CC specimen  

3.2. Secondary bonding with epoxy 

 

The secondary bonding of the PZT transducers was carried out with epoxy film (Hexcel 

Redux 312 film) under heat press table (vacuum and temperature of 120°C) for both 

thermoset and thermoplastic coupons. For the sensor bonded to thermoset coupon, the 

response changes significantly after the last temperature cycle, Figure 4 (a). For the 

sensor bonded to thermoplastic coupon, the response changed after the last temperature 

cycle, Figure 4 (b).  

  
(a) M21-EPX (b) PEEK-EPX 

Figure 4. Signal response after temperature and fatigue tests, epoxy bonded sensors  

3.3. Thermoplastic film  

 

Two different thermoplastic films with different composition were tested. It changes in 

measurements of both films are in acceptable range after thermal and fatigue load cycles 

for both thermoset and thermoplastic coupons. However, after the specimens were 

subjected to hot-wet conditioning, the response of the sensor bonded with Film 2 

changed by 15% which is not acceptable. The response from film 1 bonded sensor is 

presented in Figure 5. 
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(a) Thermal and fatigue test (b) Hot-wet conditioning 
Figure 5. Change in recorded signals for thermoplastic film 1 bonded transducers 

4.  Conclusions 

This paper, proposed a novel bonding strategy based on thermoplastic film for 

permanent installation of on-board SHM transducers such as PZT sensors. This bonding 

can be applied to metallic structures as well as thermoset and thermoplastics composite. 

Through extensive integrity tests, it was shown that the transducers bonded with the 

chosen thermoplastic film (Film 1) can withstand the operational and environmental 

conditions of an aircraft, without any significant permanent changes to their response. 

This is of high importance for the reliability of acquisition. The transducer response was 

compared to the other bonding methods such as epoxy film and co-curing and was 

shown to be superior to the existing installation procedures.  
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