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Abstract 

 
Aircraft visual inspection is often augmented by non-destructive evaluation methods and tools. This research 

explores one such tool, the eddyscope, which is used to identify structural defects, corrosion, cracks in bolt holes, 

and sub-surface cracks. Current training on this piece of equipment involves shadowing an expert during the 

inspection process; however, this on-the-job training is expensive, time-consuming, and dependent on the expertise 

and performance of the inspector. A computer-aided eddyscope training and simulation tool is proposed as a 

solution. To investigate this possibility, the study reported here used a hierarchical task analysis of an eddy current 

inspection using interviews with technicians, shadowing of Level III technicians, video and audio recordings, and a 

documentation review; in addition, the think-aloud protocol was used during the inspection of an aircraft for surface 

flaws.  The results identified 11 best practices, focusing on how to calibrate, position, hold, and scan with the 

eddyscope as well as physical and environmental considerations such as temperature, the use of Teflon tape to 

minimize wear and reduce probe noise, and the use of nonmetallic guides and templates to reduce the edge effect. 

These results will serve as a base line for developing a virtual eddyscope training tool. 

 

Keywords 
Task Analysis, Simulator Training, Visual Inspection 

 

1. Introduction 
 

Most aircraft inspection is visual in nature, its importance emphasized by the fact that 18% of accidents list 

maintenance as the primary contributing factor [4].  However, human beings are inherently fallible, impacting the 

effectiveness of this process.  As a result, visual inspection is often augmented with non-destructive testing (NDT) 

methods.   According to the American Society of Nondestructive Testing (ASNT), NDT is defined as those 

“methods used to examine an object, material or system without impairing its future usefulness” [1]. Typical NDT 

instruments include x-ray, eddyscope, ultrasonic, thermo, liquid penetrant, magnetic particle and borescope. Using 

these techniques, inspectors can examine areas of the plane that would otherwise be inaccessible without 

disassembling the structure to gain access.   As a result, non-destructive inspection (NDI) allows parts and materials 

to be inspected and measured without damage, providing a balance between quality control and cost- effectiveness 

[2].  

 

This research explores one such tool, the eddyscope, which is used to identify structural defects, corrosion, cracks in   

bolt holes, and sub-surface cracks. Currently, specialized on-the-job training is used to train inspectors on this piece 

of equipment.   Such sessions are expensive, time-consuming, and dependent on the performance of the trainer, and 

technical colleges are looking for effective ways to improve their training capabilities. The emergence of high power 

computing systems has revolutionized the training process by providing modules incorporating extensive graphics 

and imaging technologies.  Such systems have reduced training lead time and improved delivery and cost-

effectiveness [6]. As studies conducted by Gramopadhye et al. [5] on incorporating advanced training 

methodologies to improve the inspection performance have found, the use of these advanced technologies improves 

the quality of the inspection training significantly, thereby improving inspection performance.     
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As a first step in developing virtual simulators for aiding novice aircraft maintenance technicians in the eddy current 

inspection process, this study conducted a hierarchical task analysis (HTA) of the eddy current inspection process to 

determine the best practices adopted by expert operators during the inspection process. This paper presents an 

overview of the task analysis of eddyscope operation and the resulting best operating procedures and inspection 

practices that can be applied to development of such a computer-based training tool.   It is similar to the task 

analysis of the borescope inspection process conducted by Drury et al. [11], resulting in an HTA model of the 

procedure and the identificaton of best practices based on a human factors perspective.  

 

2. Background 
 

2.1 Scientific background and applications 

The basis of eddy current inspection is found in the pioneering research work conducted by Faraday and Hughes, 

who determined that voltage can be induced in an electrical conductor by the movement of a magnetic field, the 

properties of the coil changing when in contact with metals having different permeability and conductivity. When 

passed through this coil, alternating currents will induce eddy currents in electrically conductive materials [7]. As 

the coil moves along the surface of such materials containing defects, an impedance change is observed, caused by 

the interruptions in the eddy current flowing through the material. Measuring this impedance variation enables the 

detection of the defects in the material being tested. Some of the factors affecting the response of the coil include the 

conductivity of the test sample, the permeability and geometry of the sample and the distance between the sample 

and the coil. To address these issues, the best solution is to choose a probe that is appropriate for the application. 

Figure 1 below depicts the working principle of the eddyscope: 

 

    
Figure 1: Working principle of eddy current inspection (left), Nortec 2000S Eddyscope Inspection system (center) 

and different inspection probes (right). 

 

Eddy current inspection has been applied to measure the thickness of metallic foils and the thickness of coatings 

over base materials, to detect material discontinuities, to determine the depth of case hardened steel, to locate hidden 

metallic objects and in the precision measurement of machined metallic parts [7]. Conducted using an eddyscope, it 

plays a key role in both the preventive and scheduled maintenance of aircraft structures and  components, detecting 

service-induced defects on aircraft structures, corrosion, cracks in bolt boles and subsurface cracks.  In their study, 

Godbole et al. [8] discuss the various eddy current inspection techniques used in aircraft maintenance, detailing  

how the TECHNOFOUR  SD-PC-12 can be used to identify flaws like surface cracks, cracks in a bolt holes and 

aircraft wheels, subsurface corrosion as well as describing several surface inspections performed using array probes. 

Figure 2 provides a corrosion sample along with its output signature on the eddyscope.  

 

The basic eddyscope includes a convenient transportable case, a display unit, connecting cords and probes. The 

display unit provides a graphical feedback of the magnetic fields induced by the eddy currents. In a typical eddy 

current inspection, the inspector moves the probe on the component surface in a pattern based on the type of defect 

the operator is looking for. A defect in a sample leads to a variation in the magnetic field which, in turn, is displayed 

as a graphical output.   
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Figure 2: Aluminum sample with corrosion (left), associated eddy-current signature (middle) and corrosion 

inspection using a revolving bobbin probe 

 

3. Motivation  
Although a majority of aircraft inspection is dependent on an eddyscope, the industry lacks a standardized method 

for training novice technicians. Currently, the preferred mode of instruction consists of hands-on training in the 

workplace, usually provided through the master/apprentice paradigm, with the  novice technician shadowing the 

expert during the inspection process.  The minimum number of hours necessary to be certified as a Level I, II, or III 

mechanic are stipulated by the Federal Aviation Administration(FAA) and ASNT guidelines.  Although the basics 

of operating the eddyscope are easy to learn, the motor skills and the good practices of the inspection process are 

harder to achieve, and novice technicians face a steep learning curve when transitioning from the technical school to 

the workplace. 

 
In addition, mastering the eddy current testing methodology usually takes a long lead time since it is dependent on 

the experience, technical expertise and performance of the expert inspector. Though training can be performed on 

inspection setup and signature analysis fairly easily, the majority of the defects seldom occur frequently. One way to 

address this situation is to incorporate computer-based simulations, thus facilitating interactive training for the 

students. Such a  computer-based training methodology would help students understand the inspection process 

efficiently and effectively and contribute to a reduction in training costs.  Kennedy et al. [6] have designed 

interactive multimedia modules to support the an eddy current testing course.  Their simulations allow novice 

technicians to experience the eddy current inspection process in ways the real world does not  permit. The students 

can even freeze a simulation to ask the expert about the correctness of their process. In a similar study, Theodoulidis 

[9] reports on a software package called Teddy used to run a simulation of  eddy current inspection.  An effective 

educational supplement, this program incorporates six defect scenarios, allowing students to visualize the eddy 

current pattern for each. 

 

4. Task Analysis 

 
4.1 Overview 

 

To investigate further the feasibility of incorporating computer-based eddy scope inspection, the research reported 

used a task analysis methodology to observe and analyze the behavior and performance of inspectors in their work 

environment. Gramopadhye et al. [10] define this methodology as “a formal approach of systematic analysis and 

recording of human work to identify human system mismatches with an eye to ultimately design superior items.” 

Originating in the early twentieth century and forming the basis for human factors design efforts [10], it has been 

used by the United States Department of Labor to formulate a complement of personnel skills used for hiring and 

promotion. In the aviation industry, the task analytic approach is employed extensively to understand the human 

system interaction, the results being used to redesign aviation maintenance practices to minimize operator error, 

thereby improving the performance efficiency of inspectors [14]. The comprehensive, structured task analytic 

training system  developed by Walter et al. [13] is the one primarily used for an aircraft maintenance and inspection 

tasks.  
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4.2 Hierarchical task analysis (HTA) 

One of most frequently used types of task analysis is the hierarchical decomposition method, employed to analyze 

the behavioral aspects of tasks involving planning, diagnosis and decision making.   This methodology breaks tasks 

into subtasks and operations into action, graphically representing them in a structured chart [12]. It uses observation 

to collect human/machine interaction data as the operator interacts with the system while performing a task [10]. In 

addition, it incorporates shadowing where the observer follows an operator performing a task, recording data on how 

it was accomplished. This technique is often used when the operator needs to interact with several personnel and 

perform numerous functions.  

 

The first step of this study involved an analysis of eddy current machine manuals, FAA guidelines and aircraft 

maintenance sites. The task analysis was then performed in two stages: data collection and task description. The data 

collection  was obtained by interviewing technicians, shadowing Level III technicians, video and audio recording, 

and documentation review. Think-aloud protocol was also used to help identify the best practices for performing an 

eddy current inspection. The resulting data provided an understanding of the structure and function of the eddy 

current inspection process specific to the general aviation industry. Similar to the methodology depicted in A Guide 

to Task Analysis [12], the HTA conducted here was performed  using  a Nortec 2000S Eddyscope. The findings 

were subsequently generalized so that they can be applied to a variety of eddy current inspections as can be seen in 

Figure 3 below:  

 
 

Figure 3: Hierarchical task analysis of eddy current inspection 

As this figure shows, the inspection process can be broken into 5 major steps--preparing for inspection, setting up of 

the probe, calibrating the probe, performing the inspection and ramping down. The inspection preparation task 

involves setting up the tools and area for eddy current inspection, while the probe setup, involves the physical setup 
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of the probe and the calibration process includes the steps for calibrating the probe. The inspection step is further 

divided into four tasks: searching for indications, deciding on the action to be taken for an indication, moving to the 

next inspection location and the response to an indication. The final task is the ramp down process, which involves 

the steps performed after inspection. 

 

The task analysis conducted here provided insight into the features needed for a virtual training tool for eddy current 

inspection. The shadowing and interviews revealed that the identification of defects is dependent on deciphering the 

signatures displayed in the eddyscope. The generation of this signature is affected by the scanning pattern and the 

position of the probe.  Improper positioning generates noise, interfering with the signals, making it difficult to 

understand the pattern. The normal scan pattern used by a Level III technician suggests that the scan pattern should 

be close enough to capture most of the defects. It was also found that the force feedback received as the probe 

moves across the surface aids the inspector in his assessment of intangibles, in turn having an impact on the 

signature output from the eddyscope.  The inspector relies primarily on this output signature in making his decision. 

 

5. Recommended best practices for eddy current inspection 
Based on the verbal protocol analysis, the video recording, the interviews and the shadowing of the expert 

technicians during the inspection tasks, the following best practices were identified for the eddy current inspection 

process:  

  

1. The part to be inspected, the eddyscope, the probes and the calibration unit should be at the same ambient 

temperature. 

2. Teflon tape should be placed over the contact surfaces of the probe to minimize wear and to reduce probe 

noise.  

3. Non-metallic guides and templates should be used to reduce the edge effect on the probe. 

4. The best results are achieved when the coil maintains consistent contact with the surface to be inspected.   

5. If the direction of the emanating crack is known, it is advisable to scan perpendicular to this direction; if the 

direction is unknown, a scan pattern including lateral, longitudinal and diagonal movement will ensure 

maximum coverage of the area. 

6. The probe should be held perpendicular to the inspection surface. 

7. The amount of pressure applied on the probe should be only enough to maintain contact with the test 

surface; excessive pressure can cause probe wear. 

8.  Multiple passes of the probe are required to inspect a large area; in such cases, it is advisable to index half 

of the probe diameter between the scan lines to obtain 100% coverage. 

9. Periodic calibration of the probe is recommended to ensure that the instrument remains within the 

calibration limits; this is accomplished by rescanning the calibration standard during inspection as 

explained in the manual. 

10. It is recommended that the indication be verified by a second NDI inspector before a final determination is 

reached.  

11. A sketch of the defect should be included in report so that it will be easy for the engineering and 

maintenance team to recognize it in the future.  

 

6. Conclusion 
This systematic analysis of the eddy current inspection process identified the skills required for conducting effective 

eddy scope inspections.  More specifically, the HTA facilitated in identifying the set of activities that can be 

considered the best practices for an aircraft inspection using eddy currents. It was found that the decision process 

largely depends on the analysis of the visual cues from the eddyscope.  However, the generation of the right 

signature for the defects depends on intangibles like the positioning of the probe, the scan pattern and the force 

feedback from the probe’s contact with the inspection surface. Training for these intangibles should be the focus of 

the virtual eddyscope simulation tool.   
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