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Abstract 

 

Corner section of L-shaped composite structure was inspected by laser ultrasonic. 

The L-shaped specimen has artificial defects to simulate delamination at the corner 

section. The corner section was inspected by pulse-echo method on the inner surface 

using rotation scanning scheme. Inspection result showed that the laser ultrasonic 

rotation scanning can detect damages at the sharp corner of L-shaped structure clearly. 

Artificial defects appeared in different time-of-flight according to its depth, and it was 

found that the size of defects in the inspection result is smaller than that of the actual 

defects due to the difference in depth of defects. Inspection results show that the laser 

ultrasonic rotation scanning scheme is a robust method for an inspection of sharp corner 

areas without any special tools or fixtures. 

 

 

1. Introduction 

 

Demand of composite materials in aerospace industry is increasing due to high 

weight-to-stiffness ratio and resistance to fatigue and corrosion. As the proportion of 

composite materials in aircraft is increasing, the types of structures made of composite 

materials are becoming more diverse. In the early days, composites were mainly applied 

to external skins or covers which are difficult to process curved surfaces with metallic 

materials and secondary or tertiary structures for weight reduction. Recently, however, 

composites have been applied to primary structures, which support main loads acting on 

an aircraft. These composite primary structures are L-shaped or T-shaped because they 

are advantageous to support heavy loads and makes it easy to connect secondary 

structures to distribute loads. The common feature of these structures is that they have 

right-angled corners. Corners are more difficult to process than simple planar structures 

and prone to defects due to stress concentration during operation [1]. Therefore, corners 

have to be inspected with a reliable inspection method. 

Most widely used inspection method for the corner section of composite structure is a 

phased-array ultrasonic inspection method. This method requires a special transducer 

that is designed only for an inspection of corner section [2, 3]. Although the phased-

array transducer shows higher detection performance than a monolithic transducer, it is 

not applicable to various corner shapes. For example, if the curvature is too large or too 

small, or if the corner section is not perfectly right-angled, the use of existing 

transducers may not be possible. 
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In this study, we introduce a laser ultrasonic rotation scanning method for corner 

inspection of L-shaped structures. Laser ultrasound is one of noncontact remote 

ultrasonic inspection method, which can inspect at distances of a few meters, while 

other noncontact ultrasound systems are only few centimeters away from the inspected 

structure. This feature is very advantageous for inspecting high temperature structures 

or curved structures those are difficult to access with contact ultrasonic inspection 

method [4]. However, laser ultrasonic, which is favourable for an inspection of curved 

structure, is also difficult to inspect corners with very small curvature. Therefore, the 

laser ultrasonic rotation scanning method has been proposed. L-shaped specimen with 

artificial defects was inspected with the proposed method. Section 2 introduces basic 

principle of laser ultrasonic. In section 3, the laser ultrasonic rotation scanning method 

is explained, and then the inspection result of the corner section of L-shaped specimen 

is discussed in section 4. 

 

2. Laser ultrasonic 

 

Laser ultrasonic, which generates ultrasonic waves inside a structure using a pulsed 

laser and detect those ultrasonic waves by using another laser, is one of promising fully 

noncontact ultrasonic inspection methods. The principle of ultrasound wave generation 

using a laser is as follows. When Q-switched pulsed laser is impinged on the structure, 

rapid rise and fall of the temperature occurs for a very short time owing to the 

absorption of optical energy, and this temperature gradient causes the thermo-elastic 

phenomenon. In the meantime, various types of broadband ultrasonic waves are 

propagates inside the structure owing to the thermo-elastic effect. In addition to the 

simultaneous generation of various types of ultrasonic waves including bulk wave and 

lamb wave, broadband ultrasonic waves from the kHz to the GHz range are generated, 

so that the user can select ultrasonic waves of a desired type and frequency range. 

Conventional contact ultrasonic transducers can generate ultrasound waves on the target 

structure only when they are in complete contact status. If the target surface has a 

curved surface, it is hard to make full contact with the transducer, so it is impossible to 

generate proper ultrasound waves. However, since laser ultrasonic generates ultrasound 

wave in a remote and noncontact manner, there is no such limitation, which is very 

advantageous for an inspection of curved structure [5]. 

 

 
Figure 1. Schematic diagram of the laser ultrasonic system. 
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Detection of ultrasound wave using a laser is performed by measuring a displacement 

or velocity change along the normal direction through an interferometer using a 

continuous wave laser. Generally, an inspection method that uses lasers in both 

generation and detection is called laser ultrasonic. However, depending on the type of 

ultrasound waves to be detected, a contact type transducer can also be used. Fig. 1 

shows the schematic of a general laser ultrasonic inspection system using both laser 

generation and detection.  

 

3. Rotation scanning 

 

The most commonly used scanning method for an inspection of flat surface is a raster 

scanning method, in which the transducer moves sequentially horizontal and vertical 

direction. When flat surface is inspected using the raster scanning method, the sensing 

laser is always normally incident on the surface and reflected to its original position. 

However, when the target structure has a curved surface, the sensing laser is no longer 

normally incident on the inspection surface and is reflected to a position away from the 

sensor. When an incidence angle reaches a certain level, the ultrasound signal itself 

cannot be detected. Although it depends on the material of the target structure, the 

surface condition, and the stand-off distance between the target structure and the laser, 

the angle of incidence that can be inspected is usually no more than ± 20 degrees [6]. 

Also, during the inspection of the curved surface, the stand-off distance between the 

target structure and the laser continuously changes, which causes the mismatch of focal 

length and the quality of the detected signal to deteriorate. When the corner area with a 

very small curvature is inspected using raster scanning method, the laser incident angle 

occurs in the range of ± 45 degrees in the narrow corner, and the focal length mismatch 

occurs by the amount of curvature. 

The rotational scanning method has been proposed to solve the problems caused by 

the incidence angle and the focal length mismatch. The rotation scanning is performed 

with the laser head fixed and the specimen rotating about the center of curvature, while  

 

 
Figure 2. Schematic of the laser ultrasonic rotation scanning method. 
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the raster scanning moves laser head around fixed specimen. As the specimen rotates, 

the excitation and detection lasers are always incident normally on the entire area of the 

corner section, while maintaining the accurate focal length. A conceptual schematic of 

the rotation scanning method is presented in Fig. 2. 

 

4. Experiment and result 

 

4.1 Specimen and inspection procedure 

 

L-shaped specimen with right-angled corner was inspected using a laser ultrasonic 

rotation scanning method. Fig. 3 shows the specimen and artificial defects. Two kinds 

of artificial defects were inserted. First type is Teflon tape only and the other type is a 

pillow insert that has four sheets of tissue paper inside two plies of Teflon tape [7]. 

Total 36 plies of prepreg were laminated and cured using an autoclave. The thickness of 

the specimen after curing was 4.8 mm.  

The specimen was inspected by pulse-echo method, which generates and detects on 

the inside of the specimen. The inside diameter of the corner section was 10 mm. 

Considering that the size of the large square type and slender type defects are 12 mm 

and 24 mm respectively as shown in Fig. 3, total width of 50 mm was inspected 

including 10 mm of corner and each 20 mm of both left and right flat surface. 

 

 
Figure 3. L-shaped specimen (a) configuration, (b) defect type and (c) defect depth. 
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4.2 Inspection results 

 

All artificial defects were successfully detected by the rotation scanning method, and 

the defects located at different depths were observed in different time-of-flight 

corresponding to its depth. The inspection result image of each defects locations are 

presented in Fig. 4 (a) ~ (c). In the case of Fig. 4 (a) where the defect is located closest 

to the inspection surface, the defect signal is observed most prominently, and as the 

defect depth is farther from the inspection surface, the defect signal decreases due to 

attenuation. The sizes of defects that are located at different depths are all the same. In 

the inspection results, the height of the defects are same in all three cases, but the width 

of the defects are different depending on the depth of the defect. This is because that 

rotating the specimen around the center of curvature in a rotation scanning has the same 

effect as if a sensing laser located at the center of curvature performs radial direction 

scanning along the corner. That is, in rotation scanning method, the ultrasonic signal 

travels in the circumferential direction normal to the surface at the scanning point. 

Therefore, the defect located farther from the inspection surface is observed to be 

smaller than the actual defect size. Inspection result images using a conventional 

waterjet c-scan are shown in Fig. 4 (d) ~ (f). It is difficult to distinguish the defects, and 

it is obvious that the evaluation of defect size is impossible in all defects. 

 

 
Figure 4. Rotation scanning inspection result of defect at (a) inner side, (b) center and (c) outer side, 

and conventional c-scan result of defect at (d) inner side, (e) center and (f) outer side. 

 

5. Conclusion 

 

Due to its light weight and high resistance to fatigue and corrosion, composite 

primary structures are increasing, and most of these structures have right-angled corner. 

Reliable nondestructive inspection is required because the corners are prone to defects 

than the flat sections. Phased-array ultrasonic inspection has been widely applied to the 

right-angled corners of composite structures. However, this method requires a special 

transducer designed for the corner inspection, and if the shape of the corner is changed, 

the existing transducer may not be usable. Laser ultrasonic rotation scanning method 

has been proposed to overcome the disadvantages of phased-array inspection. Laser 

ultrasonic is the most suitable inspection method for curved structures due to its 

noncontact remote characteristic. Laser ultrasonic, however, cannot inspect with 

relatively large laser sensor along a corner of small curvature, and it is impossible to 
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detect ultrasonic signals due to the changes in incident angle and the mismatch of focal 

length. 

The laser ultrasonic rotation scanning method does not use any special transducers or 

devices for corner inspection. Only through the change of the scanning mechanism, 

rotating a target structure while a laser head is fixed, the excitation and sensing lasers 

are always normally incident on the corner surface and always maintain the accurate 

focal length. L-shaped composite specimen with artificial defects inserted at corners 

was inspected using a laser ultrasonic rotation scanning method, and all artificial defects 

at different depths were successfully detected. Since ultrasound wave propagates along 

the radial direction in this method, the widths of the defects in inspection results were 

smaller than its actual widths. The experimental results showed that the laser ultrasonic 

rotation scanning method is a reliable inspection method for corners without any special 

tools or fixtures. 
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