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Abstract 

Composites are used in aerospace applications to replace 

metals and reduce weight. Because of the geometrical 

complexity and load transfer requirements of such structures, 

however, composites cannot fully replace metals. Thus, 

adhesive bonding between metals and composites is useful in 

such applications. To ensure the safety of these bonds, 

nondestructive testing and evaluation is required. 

We propose electromagnetic pulse-induced acoustic 

testing (EPAT) as a way to evaluate adhesive bonds between 

composites and metals. Using EPAT, the authors tested two 

adhesive bonding specimens of metal and CFRP, one with 

debonding and one without. The two specimens showed 

different waveforms after the section with debonding, while 

their waveforms were the same at the start of the 

measurement before the section with debonding.  Thus, 

EPAT identified the location of debonding. 

1. Introduction

Composites such as carbon-fiber-reinforced plastics 

(CFRPs) and glass-fiber-reinforced plastics (GFRPs) are 

widely used in aerospace and automobile applications to 

replace metals and reduce weight. In such applications, 

reducing weight by 10% can reduce fuel consumption by 8% 

[1, 2]. Some new aircraft, such as the Boeing 787 Dreamliner 

and the Airbus A350 XWB, use composites in more than half 

of their structures [3, 4]. However, composites cannot yet 

replace metals in all cases because of the geometrical 

complexity and load transfer requirements of such structures 

[5]. Thus, the adhesive bonding of metals and composites is 

one way to satisfy the demands of such applications. 

However, as bonded structures are used repeatedly, they may 

debond. To ensure the safety of these structures over time, 

nondestructive testing and evaluation of their 

metal/composite adhesive bonds is required. 

Acoustic emission (AE) testing is a dynamic 

nondestructive technique that has attracted much attention in 

recent years [6, 7]. AE testing is well suited for investigating 

debonding because debonding inevitably generates an elastic 

wave [8]. This technique is mainly used for real-time on-line 

monitoring. However, AE testing faces problems because of 

the large amount of data it handles and the complex 

processing it requires. Another important nondestructive 

testing technique for debonding is radiographic testing (RT), 

which can intuitively observe the position and size of 

debonding. However, this technique is slow, expensive, and 

most importantly carries a risk of radiation exposure [9, 10]. 

Ultrasonic testing is also used to inspect adhesive joints. 

Research has focused on tests of metal/metal adhesive bonds, 

but there is little focus on tests of composite/metal adhesive 

bonds. 

In this paper, we propose using electromagnetic pulse-

induced acoustic testing (EPAT) for nondestructive testing of 

adhesive bonds between composites and metals. The setup of 

EPAT is introduced. Using EPAT, the authors test two 

specimens of metal and CFRP with adhesive bonding—one 

with debonding and one without debonding—and compare 

the received signals. 

2. Experiment

Figure 1 shows the experimental system. The pulse generator 

provides a strong pulsed current through the coil (PRC-1701, 

AMIC Co., Ltd.). The pulsed current excites the pulsed 

magnetic field in space and  specimen. This pulsed magnetic 

field excites a pulsed eddy current in the metal, and the 

pulsed magnetic field interacts with the pulsed eddy current 

in the specimen to produce an elastic wave. The signal of this 

elastic wave is measured by the AE sensors on the composite 

surface and is transmitted to a computer through an 

oscilloscope.  

Figure 2 shows the material and dimensions of the 

specimens. There are two specimens made with CFRP and 

aluminum—one with debonding, and one without. The 

dimensions of the aluminum are 272 mm × 120 mm × 20 mm, 

and the those of the CFRP are 272 mm × 120 mm × 13 mm. 

The center of the CFRP surface is set as the origin. The inner 

and outer diameters of the circular coil are 30 mm and 35 mm, 

respectively. The center of the coil is located at 100 mm on 

the y-axis. The same pulsed current is excited in the two 

specimens. Figure 3 shows the waveform of the pulsed 

current. In this experiment, the starting time of the exciting 

signal is −5.5 μs. Nine AE sensors (AE-901S/NF 

Corporation) are arranged on the y-axis from −100 mm to 60 

mm in steps of 20 mm. 
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Figure 1: Experiment system. 

 
(a) Top view 

 
(b) Side view 

Figure 2: Specimens and coil, AE sensors setting. 

 
Figure 3: Excited pulsed signals. 

3. Results and discussion 

Figures 4 and 5 show the signals received from the AE 

sensors at various locations for the two specimens. The 

specimens with and without debonding show different 

signals received from different locations, especially after the 

location of debonding (from 0 mm to −100 mm: S4–S9). 

Figures 6–12 shows the signals received from each 

measurement point, from 60 mm to −60 mm, for both 

specimens. 

At the measurement points of 60 mm (Fig. 6), 40 mm (Fig. 

7), and 20 mm (Fig. 8), the signal waveforms remained 

almost the same before 100 μs, with the only difference being 

the amplitude. Thus, during this time period, the elastic 

wave—which is generated by the exciting signal and the first 

reflected wave from the boundary—is the dominant 

mechanism. The reflected wave from the debonded section is 

the secondary mechanism. After 100 μs, the two specimens 

show different waveforms, particularly because of the 

reflected waves from debonding. Also, the repeated 

superposition of the reflected waves generates a signal from 

the plate vibration.  

At the measurement points of 0 mm (Fig. 9), −20 mm 

(Fig. 10), −40 mm (Fig. 11), and −60 mm (Fig. 12), the 

waveforms are different over the whole time period of 

measurement. This result indicates that the propagation of the 

elastic wave changes after the debonded location, allowing 

the debonded section to be detected. 

4. Conclusions 

The authors proposed electromagnetic pulse-induced 

acoustic testing (EPAT) as a nondestructive testing method 

for evaluating adhesive bonds between composites and 

metals. The setup of EPAT was introduced, and using it the 

authors tested two adhesive bonding specimens made of 

metal and CFRP, one with debonding and one without. The 

waveforms from the AE sensors were different from the 

debonded section, while before the debonded section the 

waveform remained the same at the start of the measurement 

time period. Thus, EPAT detected the location of the 

debonding. 
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Figure 4: Received signals of the specimen without 

debonding at each measurement point. 

 
Figure 5: Received signals of the specimen with debonding 

at each measurement point. 

 
Figure 6: Received signals of the specimens with and 

without debonding at 60 mm (AE sensor S1). 
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Figure 7: Comparison of received signals of the specimen 

without and with debonding at 40 mm (AE sensor S2). 

 
Figure 8: Received signals of the specimens with and 

without debonding at 20 mm (AE sensor S3). 

 
Figure 9: Received signals of the specimens with and 

without debonding at 0 mm (AE sensor S4). 
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