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Abstract 
Numerous techniques of  non-destructive testing (NDT) of structural parts of CFRP are investigated. In this paper 
electromechanical impedance (EMI) technique is studied as an NDT tool for assessment of adhesive bonds. In 
order to perform the assessment a surface mounted piezoelectric sensor is used. Due to the piezoelectric effects 
the electrical response of the sensor is related to mechanical response of the inspected object. The electrical 
quantities of the sensor are tracked in order to find a relation with the mechanical state of the object. In the reported 
research adhesively bonded CFRP samples were investigated. The adhesive bonds were modified simulating the 
conditions in manufacturing and repair stages. Sample surface was contaminated before bonding with release agent 
in order to simulate a manufacturing stage threat to the quality of the  bond. Pre-bond thermal treatment, pre-bond 
contamination with de-icing fluid, and faulty curing of the adhesive were considered as repair stage threats to the 
quality of the bond. The electromechanical impedance spectra were investigated searching for anomalies and 
changes caused by modification of the adhesive bond. These spectra for different cases were compared with 
reference measurement results gathered from pristine samples. Numerical indexes for comparison of the EMI 
characteristics were proposed. The sensitivity of the EMI method to modified bonds was observed. 
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1.  Introduction 
 
The paper focuses on the assessment of the CFRP adhesive bonds. It is important to have a 
reliable tool that allows to verify the integrity of the bond during manufacturing or after repair. 
The joints between structural elements should ensure safe usage of a structure. The performance 
of adhesive bonds depends on the properties of the adhered surfaces. Improper preparation of 
the surface may lead to weak bond and in consequence to failure. Mechanical tests showed that 
the  bond weakness can be related to contamination or bad curing of the adhesive. 
Authors in [1] studied the effect of pre-bond release agent and moisture absorption on mode-I 
fracture toughness of CFRP bonded joints. A mode-I double cantilever beam (DCB) specimen 
was used to determine the mode-I energy release rate (GIC) referring to crack initiation. The 
lowest considered contamination with release agent do not seem to affect the bond. The increase 
of the contamination results in 60 % and higher drop in GIC in comparison to samples with 
uncontaminated bond. In [2] researchers  showed that lower temperature of adhesive curing 
have great impact on the bond performance. The GIC for sample cured at 120⁰C drops nearly 
by 95% in relation to GIC for properly cured sample at 180⁰C. In research reported here authors 
focus on monitoring of adhesive bonds for both manufacturing and repair-related scenarios.  
The paper is structured as follows. Firstly, the EMI method is described. Secondly, the samples 
with manufacturing-related modification of the adhesive bonds are described and respective 
results are presented. Thirdly, the samples with repair-related modifications are described 
together with the assessment results. The paper ends with a concluding section. 
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2.  Electromechanical impedance (EMI) 
 
EMI uses measurements of electrical parameters of piezoelectric transducer bonded to a host 
structure. Due to electromechanical coupling of the transducer and the structure, mechanical 
resonances have their influence on electrical characteristics of the piezoelectric transducer. EMI 
is an active method, because  transducer works both as actuator and as sensor. Data analysis for 
this method is performed in the frequency domain. One of the first publications about this 
method is [3]. In experimental research laboratory impedance analysers like HP4194 or HIOKI 
IM3570 are utilized. Researchers also utilise impedance analyser AD5933 in the form of 
integrated circuit. In research reported here authors utilize the IM3570 analyser, because the 
research was focused on thickness mode of the transducer that appears about 4 MHz. The 
promising results of using this approach for composites adhesive bonds were presented in [4]. 
Measurements were performed with a piezoelectric disc transducer that was bonded at the 
middle of investigated samples. The disc had 10 mm diameter and 0.5 mm thickness, and was 
manufactured by CeramTec out of SONOX P502 material. 
 
3. Samples and results 
 
The material used for samples manufacturing was Hexcel M21E. The size of samples was 10 
cm x 10 cm. The samples comprised of two plates bonded together. Each plate was made with 
8 plies and layup sequence: [0, 0, 45, -45, -45, 45, 0, 0]. The plates were bonded with film 
adhesive. In the case of samples for manufacturing stage the adhesive was FM 300 K cured at 
171˚C, while for repair stage the adhesive was FM 300-2 cured at 121˚C.  
 
3.1 Adhesive bonding assessment for manufacturing stage 
 
The manufacturing stage samples comprised of samples contaminated with silicon-based 
release agent, the Frekote 700-NC. It was applied in three defined concentrations on clean 
CFRP plates by means of dip-coating. Then these plates were bonded to clean ones. The 
concentrations of release agent on the surfaces was expressed by silicon concentracion 
measured with XPS (3.2, 5.1, 6.2 at% Si). There were 3 samples prepared for each level of 
contamination. For comparison three reference samples were prepared (PRE). In total there 
were 12 samples in the manufacturing stage scenario. The results are depicted in figure 1. The 
results were averaged, because there were four groups of the samples prepared in the same way. 
In the results, one observes a slight increase of the RMS value for the first level of 
contamination case (PRA1). For the higher levels (PRA2, PRA3) of contamination there is a 
sudden drop indicating a significantly different adhesive bond. 



 
Fig. 1. Results of the assessment of samples with pre-bond contamination with release agent 

 
3.2  Adhesive bonding assessment for repair stage 
 
The repair stage samples comprised of four kinds of samples. The investigations were 
conducted on 24 samples: 3 reference samples, 9 samples with pre-bond thermal treatment, 9 
samples with pre-bond contamination and 3 samples with faulty adhesive curing. The thermal 
treatment was performed by exposure of samples to elevated temperatures  (220, 260 and 
280˚C) for two hours and grinding afterwards before bonding. The pre-bond contamination 
with de-icing fluid was prepared by dip coating of the plates in a solution of SAFEWAY KF 
de-icer with three concentrations. The contamination was expressed by potassium presence at 
the surface measured by XPS (6.4, 10.9, 12.0 at% K). The case of faulty curing of adhesive was 
prepared by local pre-curing of the adhesive by IR-spot. This pre-curing was made at the middle 
of the sample. 
 

 
Fig. 2. Results of the assessment of samples with pre-bond thermal treatment 

 



 
Fig. 3. Results of the assessment of samples with pre-bond contamination with de-icing fluid 

 

 
Fig. 4. Results of the assessment of samples with faulty curing of the adhesive 

 
Figure 2 depicts the result for the thermally treated samples. An increasing value of RMS is 
observed. The reference (RRE) case has the lowest value and the samples treated at 280˚C 
(RTD3) have the largest value. Although, there were 3 levels of de-icing fluid contamination 
prepared, the second (RDI2) and third (RDI3) level resulted in approximately the same level of 
surface contamination, if the error of concentration estimation was considered. For this reason 
the results for this two cases were averaged and treated as one level. The result for the de-icing 
fluid were depicted in figure 3. A RMS value increase is observed as the contamination level 
increases.The last scenario was related to faulty curing of adhesive. Only one level (RFC1) of 
modified bond was available at the time of preparing this manuscript. The RMS value increases 
by more than 30% (figure 4). 
 
4. Conclusions 
 
It as shown that the EMI method indicates some sensitivity to the modification of adhesive 
bonds of CFRP samples for manufacturing and repair stage scenarios. There is a decrease of 
RMS as the contamination with release agent increases. In the repair stage samples, there is an 
increase of RMS as the modification severity is higher (RTD and RDI samples), so the bond 



quality level assessment is possible. The detection of faulty cured adhesive for RFC samples 
was also possible. The main difference between the two stages is that for manufacturing case 
RMS drop was observed, while an increase was seen for repair stage samples. It should be 
remembered that samples for this two stages were prepared in different way. There was 
different film adhesive used and the repair stage samples were grinded down to fibers before 
bonding. 
The research will be continued taking into account the bond performance assessment obtained 
from destructive testing and referential nondestructive methods. Moreover other indices and 
other scenarios will be also investigated. 
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