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Abstract 
 
Two nondestructive evaluation (NDE) laboratory-based courses were developed for Engineering and Engineering 
Technology (ET) students of Drexel University. The ultrasound NDE laboratory allows for participation in 
laboratory activities in two modes: the traditional face-to-face classroom mode for students on Drexel’s campus, 
and a real-time, Internet-based mode for those at remote locations. During the laboratory sessions, students are 
introduced to tools, methodologies, and techniques utilized by NDE specialists in real-world applications, including 
calibration and inspection using latest ultrasonic testing instrumentation. The acoustic emission (AE) laboratory 
procedures are currently developed for face-to-face instruction. Specifically, the course presents principles of AE 
Nondestructive Evaluation of Materials combining hands-on laboratory experience with lectures. The students 
learn the physical principles of acoustic emission generation, propagation and detection of acoustical waves in 
engineering materials and structures, including the underlying science of material deformation, crack growth and 
failure. Practical applications in various industries are described.  
 
Keywords: Nondestructive evaluation, acoustic emission, engineering technology. 

 
1. Introduction 

The Center for Nondestructive Evaluation (NDE) at Drexel University’s School of Technology 
and Professional Studies is under development. The center will provide an organized program 
of study in NDE at the undergraduate and graduate levels using both face-to-face and real-time 
remote Internet-based instruction during lectures and laboratory sessions. Two courses, namely 
Ultrasound NDE and Acoustic Emission, have been completed and offered to engineering 
technology and engineering students. The experience gained during the development of these 
courses will be utilized to develop NDE courses covering additional inspection methods, such 
as Eddy current, remote visual inspection, magnetic particles, and liquid penetration. Multiple 
instruction techniques, including Internet-based remote control of real-time laboratory 
procedures, were developed and implemented for education and training for engineering 
technology (ET) students, students of community colleges, and employees of companies 
wishing to obtain or improve qualifications in NDE. The developed remote techniques could be 
also utilized for NDE procedures in industries, in which the human presence is limited or 
restricted. The courses were developed according to the requirements of the American Society 
for Nondestructive Testing in collaboration with industrial companies. Both developed courses 
consist of two parts.  The first part emphasizes the foundations of a particular NDE methods. 
The second part focuses on specific NDE applications and techniques. These techniques are 
studied through experiments that closely simulate commercial NDE processes and techniques in 
petro-chemical, aerospace, nuclear, railroad, and renewable energy applications using an in-
depth case study approach. This approach provides a needed component of practical NDE 
education for engineering technology students destined for employment in manufacturing, 
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service, and quality control-related industries. The description of the developed courses is 
presented in detail.  
 
2. Ultrasound NDE Course 
 
EET 203, “Nondestructive Evaluation of Materials,” was developed as a four-credit, forty-hour 
course to fulfill Levels I & II NDE in theory and training requirements, according to ASNT 
(American Society for Nondestructive Testing) Recommended Practice SNT-TC-1A [1, 2, 3]. 
Laboratory sessions are organized around current developments in the field of ultrasound NDE 
of materials. Measurement procedures and experiment descriptions are adapted and 
implemented from the NDE educational material for remote delivery via website to other 
community college programs.  During the laboratory sessions, the students work as teams 
conducting calibration and testing procedures and developing possible approaches to solving the 
problem. Students are introduced to the tools, methodologies, and techniques used in real-world 
industrial applications. First four laboratory sessions are dedicated to fundamentals of NDE. 
Students become familiar with basic measurement techniques using a water-tank-based 
ultrasound measurements system. Three pairs of transducers, 12.7 mm in diameter, having 
resonant frequencies of 2.25 MHz, 3.5 MHz, and 5 MHz are used in these experiments. The 
following experiments are carried out during the laboratory sessions: 
 
2. 1. Measurements of the sound velocity in water 
 
Most applications of NDE of materials rely on accurate measurements of the sound velocity in 
water and other materials. The basic principle of sound velocity determination is to measure the 
time between transmitted and received ultrasound signals (the time-of-flight) [4]. In these 
experiments, the measurement of the transducer displacement is more convenient and accurate 
than the measurement of the transmitter/receiver or transducer/reflector distance. Such a 
technique allows one to eliminate additional artifacts caused by the time delays from the 
transducers and attached electronics. During this laboratory session, the two sets of 
measurements are carried out: (1) Using one transducer, which is used as a transmitter/receiver, 
and a reflector, and (2) Using two transducers, where one of them is used as a transmitter and 
the other one is used as a receiver. The schematic diagram of the experimental set-up is shown 
in Figure 1.  
 
2. 2. Measurements of the sound velocity in other materials 
 
The Plexiglas plate and two various rubber plates are used for determining the sound velocity in 
these materials using the through-transmission configuration (Figure 1). The distance between 
transducers is larger than the thickness of the sample material, allowing a free alignment and 
positioning of the sample along the ultrasonic beam. Two methods for measurements of the 
sound velocity in the samples could be used.  
 
Method # 1. The arrival time of the received signal, τ1, is recorded without placing the sample 
material between the transducers. Then, the sample material is placed between the transducers 
and the arrival time of the received signal, τ2, is recorded again. The sound velocity in the 
sample material can now be easily determined via the following expression: 



  

     

τ∆−
=

c
d

dcm
,     (1)                                                   

where c is the sound velocity in water, which was previously determined, d is the thickness of 
the sample material, and ∆τ = τ1 − τ2 . 
 
Method #2. The arrival time of the received signal, τ1, is recorded without placing the sample 
material between the transducers. Then, the sample material is placed between the transducers 
and the receiver is moved back from the transmitter by the distance, which is equal to the 
thickness of the sample material. The arrival time of the received signal, τ2, is recorded again, 
and the sound velocity is determined by the following expression: 
 

τ∆
=

dcm
,      (2) 

 
where ∆τ = τ2 − τ1.  

 
 

Figure 1. Schematic diagram of the water tank-based system. 
 
2. 3. Directivity Pattern Measurements 
 
In this laboratory session, the directivity pattern is determined analytically and also measured 
experimentally [5]. During the experiment, a projector and a hydrophone are separated by the 
minimum acceptable distance, x, to minimize interference from reflections. The experimental 
set-up for measuring the directivity pattern is similar to that of the one presented in Figure 1, 
with the sample material between the transducers removed. Initially, both transducers are 
aligned in X, Y, and Θ  directions. Directivity pattern measurements are carried out with the 
hydrophone (receiver) fixed and the transmitter rotated from 0o to 10o in 0.1o increments. 
 



  

2. 4. Measurements of the attenuation coefficient of the ultrasonic waves 
 
In this laboratory session, the immersion technique is used for the measurements of the 
attenuation coefficient in Plexiglas and two various rubber types. The experimental set-up is 
presented in Figure 1. As can be seen, the material pate is placed in the path of a propagating 
ultrasonic wave, which is partially reflected by changes in the acoustic impedance along its 
path. At least two different thickness samples of the same material are required for the 
experiment, since the reflection coefficient of the material is not known and should be 
eliminated from the evaluation of the attenuation coefficient. Both transducers having the same 
resonant frequency are preliminary aligned in X, Y, and Θ directions. The alignment is verified 
by the maximum peak-to-peak received signal. Example of the collected data at 2.25 MHz for 
three Plexiglas plates is presented in Figure 2. 
 
 

 
 

Figure 2. Collected data for estimation of the attenuation coefficient. 
 

2. 5. NDE Procedures 
 
The USN 58L and USM 35X automatic flaw detectors were installed in the NDE laboratory and 
interfaced with computers. This set-up allows saving the collected data for future use in the 
laboratory reports and conducting real-time Internet-based laboratory procedures from remote 
sites. The following experiments were implemented during the laboratory sessions: 
 

• Calibration of automatic flaw detectors using straight-beam and angle-beam calibration 
techniques 

• Evaluation of homogeneity of various materials used in industrial applications 
• Detection and localization of heterogeneities in the materials, such as flaws, cavities, 

layers, and holes [6] 
• Area-amplitude and distance-amplitude calibration procedures 
• Welds testing 
• Evaluation of shapes and dimensions of various discontinuities using 6 dB drop 

technique 



  

 
Examples of various calibration and testing procedures are presented below. Results of the 
calibration procedures using straight-beam and angle-beam techniques are presented on Figure 
3and Figure 4, respectively. For angle-beam calibration, the IIW calibration block has been used 
with 4 inches and 9 inches reference levels. 
 

                      
 

Figure 3. Straight-beam calibration procedure using USN 58L flaw detector. 
 

                             
 

Figure 4. Angle-beam calibration procedure using USM 35X flaw detector. 
 

Upon completion the calibration of the NDE instrument with the aluminum step calibration 
block, students performed evaluation of various discontinuities in aluminum plates by observing 
the amplitude of the echo. The surface of the test object was scanned and the position of the 
transducer on the test object, at which the echo amplitude drops by half (6 dB), was recorded 
[7].  This indicates that the acoustic axis of the transducer is on the boundary of the 
discontinuity (Figure 5). Scanning the transducer on the surface of the test object, students were 
able to determine other boundary points and draw the contour of the discontinuity.  
 

 
Figure 5. Sizing the discontinuity using a 6 dB drop technique. 



  

The drawing was compared with actual shape and size of the discontinuity (Figure 6).  
 

            
 

Figure 6. Students’ drawings (left) and actual discontinuities (right). 
 

2. 6. Real-Time Remote Control of Flaw Detectors 
 
One of the main objectives of the project was to develop a dedicated videoconference facility 
for NDE education to provide greater flexibility in program delivery and to offer non-traditional 
opportunities for education and training [8].  To achieve this goal, real-time remote control of 
the automatic flaw detectors was developed and made available online. During the laboratory 
sessions, students are able to control NDE devices remotely via computers. A remote 
connection to the USN 58L or USM 35X ultrasonic flaw detectors is established by accessing 
flaw detectors under the LabVIEW control. All commands performed by the USN 58L 
correspond to similar commands performed under LabVIEW control from the remote computer. 
The developed LabVIEW-based remote control allows for complete resemblance of the actual 
device (USN 58L or USM 35X) and simulated device on the computer monitor (Figure 7). 
 

            
 
Figure 7. Front panel of USN 58L (left) and image of the front panel of USN 58L simulated on 

the computer monitor using LabVIEW (right). 
 

The developed procedure allows remote control and changes any setting of the flaw detectors, 
such as calibration of the detectors and evaluation of test objects. Results of the calibration and 
testing can be saved from both local and remote computers. 



  

3. Acoustic Emission Course  
 

This course is based on the Recommended Training Course Outlines for the acoustic emission 
[9] method, a part of Recommended Practice SNT-TC-1A [2] which was stabilized in 1996. 
These Level I and Level II outlines, developed by a committee under the chairmanship of the 
second author, were an experience-based update of an original edition created under the 
chairmanship of Clem Tatro for the 1980 edition of SNT-TC-1A. In classic style these outlines 
track the acoustic emission process itself, from the stimulus (stress) through source action, wave 
propagation, sensing, signal conditioning, detection and measurement, and data display to 
interpretation and evaluation. Like the outlines for the other NDE methods, this one is 
nominally divided into two parts: a physics part and a techniques part. The physics part takes 
the story as far as wave propagation and the techniques part starts with sensing and continues 
from there. Unlike the outlines for the other NDE methods, the AE outlines include at the end a 
recommended section on applications. These outlines have been the basis of numerous 
inspector-oriented courses.  
 
The AE course is a blend of lectures and up to nine laboratory projects. The laboratory projects 
started from the hands-on projects used for the inspector courses. The inspector course labs are 
organized into several three-hour sessions in which three groups of trainees rotate around three 
labs at hourly intervals, each lab being under the direction of its own instructor.  For the 
university course it is different.  In general, all the students work at the same time on the same 
lab in pairs with each pair having its own equipment. In the course of adapting the technical 
material to fit this logistical plan, some of the inspector-course labs underwent significant 
change and several entirely new labs were created. For some of the labs it is logistically 
necessary to deliver to larger groups, with the instructor directly leading the activities.   
 
A versatile set of AE equipment was purchased and centered around six USB AE Nodes which 
can be deployed as single-channel systems at six separate workstations, or alternatively can be 
connected together for multi-channel projects. These Nodes detect and measure AE signals from 
associated sensors, and deliver the results via USB connections to computers running AEwin 
software. Thus during a typical lab, the data taken by each pair of students is stored on the 
computers in the NDE lab. The beginnings of remote delivery can be seen, insofar as the 
students used RDC (remote desktop control) from their homes to access the AE software on the 
NDE lab computers, to generate their lab reports.   
 
The following sections describe seven of the nine labs that have been used on this course so far.  
 
3. 1.  AE from Unflawed Tensile Specimen 
 
The purpose of this lab is to give the students an early introduction to actual AE and in 
particular, to demonstrate the difference between burst type and continuous type emission, 
including irreversibility of AE. An aluminum-bronze “dog-bone” tensile specimen, 
instrumented for AE, is pulled in a 25 kN Tinius Olsen mechanical test machine.  Along with 
the AE, the applied load is recorded on the AE computer by via a strain gauge mounted on a 
special linkage in the load train. An oscilloscope is added to give a real-time view of the form of 
the continuous AE signal. 



  

 
Figure 8 shows typical lab results.  The green line shows the load.  In the left graph, the red dots 
show the amplitudes of the discrete, burst type emissions (hit driven data). In the right hand 
graph, the red dots show the absolute energy accumulated each second (time driven data, used 
for registering continuous AE). This specimen had been loaded before, to approximately 6000 
lbs. The distinct rise in the continuous AE, beginning at 160 s and reaching a peak at 170 s, 
corresponds to renewed plastic deformation as the load reaches and exceeds the previously 
applied maximum.  
 

     
 

Figure 8.  Records of burst type (left) and continuous type (right) signals during tensile test. 
 
3. 2.  AE Wave Propagation 
 
The purpose of this laboratory procedure is to introduce the students to acoustic wave 
propagation and attenuation in the 80-320 kHz frequency range. Two sensors are placed 14ft 
(4.3m) apart on a stretch of electrical conduit that runs the length of the laboratory. Pencil lead 
is broken at numerous points along the conduit as shown in Figure 9. 
 

 
 

Figure 9. Pencil Lead Break (PLB) on electrical conduit. 
 



  

The students discover how structural discontinuities can be an important source of attenuation. 
Loss of amplitude is minimal along unbroken conduit, but across a joint between adjacent 
sections (right hand edge of Figure 9) there is an abrupt drop in signal amplitude exceeding 
20dB. In writing up their laboratory reports, the students include waveforms and comment on 
how the signal rise gets slower with increasing the distance from the source. This laboratory 
experiment also serves as an opportunity for students (working in groups of six) to investigate 
PLB consistency and possible variations between students as they learn the PLB technique. 
 
3. 3.  Lucite Rod for Sensor Check 
 
This lab session introduces students to the ASTM E2075 Standard Practice [10] for checking 
sensor consistency using an acrylic rod (Figure 10). The sensor under test is mounted on the end 
of the Lucite rod and pencil lead breaks are conducted at a distance of 4 inches (100mm). It is 
performed by students working in pairs with their own AE equipment and Lucite rod. Sensors 
can be rotated around the six groups allowing comparison of the sensitivities of at least six good 
sensors. “Bad” sensors can be inserted into the rotation, to test the students’ ability to recognize 
them. This provides further opportunities to refine PLB technique and to develop good note-
taking and data recording habits.  
 

 
 

Figure 10. Checking sensor consistency using an acrylic rod. 
 

3. 4. Stress Corrosion Cracking in Plexiglas  
 
This lab, conducted by students working in pairs, gives them the opportunity to work closely 
with actual acoustic emission in circumstances that are under their own control. A controlled 
amount of bending stress is applied to a Plexiglas (acrylic) billet using the simple fixture shown 
in Figure 11. Then, a little acetone is applied to the tension surface. This produces cracking of 
Plexiglas, which can be visually observed (Figure 11) and recorded by AE (Figure 12).  
 
This test is highly instructive in terms of material behavior in several ways. First, it shows the 
importance of using more than one mode of observation because visual cracks often form 
without AE, especially in the early stages of the test; this leads to interesting discussion of basic 



  

AE physics and crack growth processes. Second, there is an interesting time-dependent 
interplay between stress relaxation, acetone penetration versus drying, and specimen 
stabilization versus instability leading to fracture. Figure 12 shows a data presentation from a 
student lab report. Much variability from specimen to specimen has been observed. This has 
prompted an ongoing investigation into whether the AE is affected by aging of the plastic, or 
even by variations within the plates from which the test billets are cut. Along with these 
material-oriented hypotheses regarding variability of results, efforts are being made to have all  
students follow precisely the same test protocol. The long-term experimental nature of this lab 
is expected to provide future classes with ample food for thought.  
  

      
 

Figure 11. Loading fixture (left) and specimens damaged by stress corrosion cracking (right). 
 

 
 

Figure 12. AE from Plexiglas cracking. Clockwise from top left: AE waveform, amplitude 
distribution, cumulative signal strength versus time, and amplitude versus time. 

 
3. 5. AE Signal Measurement (Effect of Settings) 
 
The purpose of this lab is to elicit understanding of how the quantitative results of AE testing 
depend on system settings, in particular on the detection threshold.  A sensor is mounted on a 
piece of metal and PLB’s are conducted using a wide range of threshold settings. Amplitude, 



  

counts, duration, risetime and energy resulting from the PLB’s are recorded. Results are 
tabulated and graphed using Excel.  In the course of writing their lab reports, the students 
should see and understand how some signal features are more affected by threshold than others. 
They also encounter the absence of recorded signals at very high thresholds and the occurrence 
of second hits at very low threshold, and should be able to explain these effects using proper 
terminology. As is typical for the labs that are conducted by student pairs, the two students 
cooperate fully in the experimental process but write up their reports as separately.  
 
3. 6. Planar Source Location 
 
Figure 13 (left) shows a steel plate with a sensor at each corner, set up for a demonstration of 
source location. The four USB Nodes are connected via a hub to computer running AEwin. The 
technique of planar (computed) location has been discussed during the lecture. During this lab 
procedure, the students can practically verify the procedure and consolidate their understanding 
of the material. Important parameters of the experimental setup, such as velocity and event 
lockout value, are reviewed and the students see how they are determined for this particular 
case. Pencil leads are broken to verify that the source location function is working correctly. 
Then the source location technique is demonstrated with real AE generated by placing Pop 
Rock into a pool of ultrasonic couplant on the surface of the plate. Figure 13 (right) shows the 
computed locations of AE from two such Pop Rock sources. 
 

 
 

Figure 13. AE source location: experimental setup (left) and data from Pop Rock source (right). 
 
3. 7.  AE from Crack Growth in 7075-T6 Aluminum  

 
Since the early days of AE technology, 7075-T6 aluminum has been recognized as an excellent 
material for demonstrating the classic AE behavior patterns. For this lab, the specimen is a ¼” 
thick strip of 7075-T6 Al incorporating a specially designed, machined notch to serve as a crack 
starter. Initially these specimens are fabricated with two such notches. After fracture at one of 
these notches, these specimens can be recycled by trimming the broken end and conducted a 
further lab on the remaining part. In this experiment, single-notched recycled specimens are 
loaded in the Tinius Olsen tensile testing machine. First, the instructor conducts several static 



  

loads showing the Kaiser effect. The load is progressively raised and once the previous fracture 
load is exceeded, a major increase in the emission is observed.  It is now up to the skill of the 
instructor to create an extended test taking advantage of the automatic cycling capability of the 
Tinius Olsen. The load is applied in blocks of ten cycles, with the option of increasing the 
severity of the loading after each block. Behaviors that can be seen include peak load emission 
from crack growth, continuing emission during load holds, increasing occurrence of the  
Felicity effect as the loading becomes more severe, increasing numbers of very high amplitude 
emission, source location, short-term warning of failure, etc. Periodically the students can 
visually examine the crack tip and the plastic zone. In the final failure, if the test is run just 
right, the crack runs across the specimen within a timeframe of 2-3 seconds so the students have 
the opportunity to witness rapid, plane-stress tearing in this high-strength, highly emissive 
material. A typical fracture path is shown in Figure 14 (left) and typical AE data in Figure 14 
(right).   
  

       
 

Figure 14.  Fracture path (left) and late-in-test AE data (source location, amplitudes during 
cycling, and amplitude distribution) (right) from test on notched 7075-T6 specimen. 
 

4. Summary 
 
In the early 1990’s, the ASNT Board of Directors appointed a committee under the 
chairmanship of John Stringer, to develop a strategic plan for the society and through it, for the 
NDT profession in the USA. A visionary goal stated in the education section of that plan was 
“to make NDT a part of every engineering curriculum (in the country)”.  That seemed to some 
like a pipedream, at the time. But it gets significantly nearer to realization with this Drexel 
program. The viability of NDE syllabus development has been amply demonstrated. 
Undergraduate-level NDE courses have been developed and delivered successfully in both 
ultrasound and acoustic emission testing. There is a high content of hands-on work. It is planned 
to add further NDE courses in other methods and thus to develop a complete NDE program or 
minor curriculum and NDE Center for education, training, and research. Utilization of the 
Internet to overcome the limitations of distance is an integral part of the planning, so that 
engineering and engineering technology curriculum in any university could look to this program 
as a remote source of quality education in this important but specialized field.   
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