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ABSTRACT.  Traditional non-destructive testing is expensive and time-consuming.  Advances 

have been made enabling the creation of systems that can greatly reduce costs, while improving flaw 

detection and measurement.  In this paper, we will focus on four specific NDT systems, which were 

developed for flaw detection and measurement. 

 The Magneto Optical Imager system detects cracks around aircraft rivets, which are threats to 

aircraft structures.  It can also detect flaws under painted or coated surfaces.  Detection is many times 

faster than traditional methods, thus greatly reducing down-time for required inspections.  This 

system has been awarded the FAA’s prestigious “Better Way Award”.  An advanced system is 

currently under development for the U.S. Air Force.  This system will soon be available 

commercially, and will greatly increase probability of detection, among other improvements. 

 The Induction Thermography System detects flaws between insulating layers, such as 

composites, and conductive materials.  The system was originally developed for detecting flaws in the 

U.S. Air Force’s F-15 vertical stabilizer, which is a composite over aluminum honeycomb structure.  

Other flaw detection applications include composite delaminations, honeycomb skin disbonds, and 

water ingress. 

 The LOTIS QC-40 Stator Inspection System is the first non-contact inspection system for 

pump stators.  The system is laser-based, and provides cross-sectional dimensional profiles, 

regardless of geometry or material surfaces.  Measurements can be taken in any smooth or rifled 

cylinder, up to 20 feet long.  In less than five seconds, measurements are displayed, and a profile of 

the geometry of the interior is displayed. 

 The LOTIS Thread Profiler replaces the time-consuming molding process for measuring API 

threads.  This process relies on expert inspection and interpretation, resulting in possible errors.  

Using the hand-held Thread Profiler, non-contact measurement can be performed, which produces an 

accurate thread profile in approximately six seconds.  Metrology experience is not necessary to 

interpret the results.  A dual laser scan head version, which can measure premium threads, is currently 

under development. 

 

 

THE MAGNETO-OPTIC IMAGER 

 The Magneto-Optic Imager (MOI) is an aircraft skin and rivet inspection tool 

which enables aircraft operators to achieve greater flaw detail in less time.  It is used on 

commercial and military aircraft, such as the U.S. Air force C-5 (see Figure 1).  The MOI 

is able to image cracks around the circumference of a rivet in one pass of the imager, 

indicating good rivets and those with cracks (see Figure 2).  As a result of high-speed 

scanning, down time for required inspections is greatly reduced.  The alternative method 

for doing the same inspection for cracks around rivets is to use an eddy current probe.  

Although this methodology is effective, it is also very time-consuming. 
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FIGURE 1. U.S. Air Force C-5 

 

 In addition to the time savings, there are other advantages of this NDT system.  

One advantage is that the system does not need to be calibrated.  Another advantage is 

that new operators can be trained in a minimal amount of time, due to the design 

simplicity of the tool.  Paint stripping is not required prior to inspection, as the system can 

see under paint, coatings and decals.  The MOI is able to inspect large fuselage areas 

about ten times faster than eddy current probes.  Since the MOI is an area inspection 

device instead of a point-by-point device, such as an eddy current probe, the MOI can 

rapidly locate corroded areas as well. 

 There are various MOI models.  One model has detachable current induction 

heads, utilized for different frequencies.  The high-frequency head operates in a range of 

20-200 kHz, while the low-frequency head operates in a range of 1.5-50 kHz.  Surface 

images of cracks are best viewed using higher frequencies of 50-100 kHz. 

 

 

 
FIGURE 2. MOI Images of Aircraft Rivets 

 

 The Turbo model has increased sensitivity, which allows for higher resolution 

imaging.  This model is an accepted tool by Boeing for lap joint inspection of alodine 

rivets (see Figure 3). 



G:\Technical program\Day3\NDT-054_MENDT Paper.docx 

 
FIGURE 3. MOI Turbo Model 

 

 Significant time savings are obtained by operators using the MOI.  For example, at 

Tinker Air Force Base, inspecting a specific section of a B-52 with the MOI takes 3-1/2 

hours, as opposed to 30-40 hours using traditional methods. 

 

 

THE INDUCTION THERMOGRAPHY SYSTEM 

 The Induction Thermography System (see Figure 4) is a transient thermography 

tool, which was developed under a contract with the U.S. Air Force, to inspect composite 

over aluminum honeycomb components of the F-15 aircraft (see Figure 5). 

 

 

FIGURE 4. Induction Thermography System 
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FIGURE 5. U.S. Air Force F-15 

 

   The task requirement was to create an accurate alternative to the traditional coin-

tap test.    The Induction Thermography System (ITS) operates by inductively heating 

electrically-conducting materials to detect flaws.  The heating wand delivers up to 2 kW 

of RF energy in the 160-400 kHz range, which results in temperature rises of a few 

degrees Fahrenheit in the conducting material.  Protection circuits limit the total energy 

output for safety.  The resulting heat in the material being inspected can highlight flaws 

as it diffuses through the material.  As a result, disbonds, delaminations and cracks are all 

easily imaged with the system.  Using sensitive infrared cameras that can detect as little 

as 0.08 degrees Fahrenheit, sub-surface flaws show up as variations in the surface 

temperature pattern. 

 This technique allows thermal energy to be injected precisely at the bondline of 

aluminum honeycomb and composite skinned structures.  The system is effective at 

detecting disbonds in coatings, or electrically-insulating layers applied over metals.  

Disbonds appear as “cold” spots on the infrared image. 

 Compared to conventional flash thermography, this NDT tool is much more 

compact, and because the energy delivery efficiency is higher, smaller flaws can be 

detected. 

 The lightweight power supply and wand, which weighs 8.6 pounds, are easily 

transported to remote areas.  

 Composite images can be assembled to show flaw details over large areas, where 

disbond flaws are clearly visible (see Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 6. ITS Composite Image 
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THE LOTIS QC-40 

 The LOTIS QC-40 is a laser-based inspection tool that provides surface profiling 

and measurement.  It can provide highly-accurate cross-sectional dimensional profiles of 

hard-to-reach tubular interiors, regardless of geometry or material surface.  Until the 

availability of this system, interior measurements were achieved using vector gages. 

 The system was especially designed for inspecting progressive cavity pump stators, 

which experience warping and wear over time (see Figure 7).  The QC-40 is uniquely 

suited to inspecting stators, but is designed to measure regular and irregular dimensional 

radii up to ten feet in length.  This makes it possible to inspect stator sections of up to 20 

feet in length, by inspecting from both ends of the stator. 

 

 
FIGURE 7. Progressive Cavity Pump Stators 

 

 This NDT tool can quickly measure and determine the interior profile, as well as 

the deviation, of either elastomeric-core or all metal stators.  In less than five seconds, 

measurements can be compared to design profiles, to determine compliance or usability.  

Thus, the system gives quality managers improved quality control of critical drill motor 

components. 

 The QC-40 is the first practical method for effectively profiling and measuring the 

complex geometry of Moineau-type pump stators.  In addition to usage on progressive 

cavity stators, it can also be used to inspect other tubes, pipes, and gun barrel bores (rifled 

and smooth). 

 

 
FIGURE 8. LOTIS QC-40 
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 The system (see Figure 8) is comprised of a laser probe, an insertion rod with 

expanding shoes, a calibration tube, and a laptop.  The weight of the laser-scanning probe 

is 6.5 pounds.  Data transmission is via a USB connector. 

 Measurements are taken by inserting the laser probe head into the tube, and locking 

its position with the expandable centering shoes.  The operator then rotates the probe, 

causing data to be collected by the laser heads, which is then processed and displayed by 

the system software (see Figure 9). 

 

 

 

     

   

 

 

 

 

 

 

 

FIGURE 9. LOTIS QC-40 Stator Profile 

 

 The system can measure bore sizes from 2.20 inches up to 8.6 inches.  The 

measurements include major diameter, minor diameter, and flank profile.  It can measure 

any wall deformities to an accuracy of ±0.002 inches, with a resolution of 0.0005 inches.   

 For ease of use in the field, the system is user-friendly, easy to operate, and does 

not require metrology expertise.  

 To support manufacturing and engineering applications, data collected can be 

output for use by any CAD system. 

 

 

THE LOTIS THREAD PROFILER 

 The LOTIS Thread Profiler is a laser-based, non-contact measurement inspection 

system, which enables accurate measurement of API thread forms (see Figure 10) in 

approximately six seconds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 10. API Threads      
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Until the advent of this tool, thread forms were determined using the time-

consuming reprorubber molds, and examining them with a comparator. The tool provides 

inspectors with the opportunity to directly improve quality control, and material 

inspection of API threaded articles.  It provides the means to rapidly scan internal threads, 

and obtain data rapidly on thread pitch, thread height, flank angle, bore taper, and corner 

radii.  

 The system is fully self-contained and consists of a light-weight thread scanning 

laser device (see Figure 11), a USB connecting cable, and a laptop computer. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. LOTIS Thread Profiler 

 

 The Thread Profiler can be used to inspect articles with diameters of 2-3/8 inches 

and larger.  The threads that this tool measures can have a range of 3 to 18 threads per 

inch, and measure a thread height of 0.200 inches maximum.  The measured tolerance is 

0.00023 inches, and the scan length is one inch.  Power is supplied to the Profiler via the 

cable, and data is transmitted to the Laptop via the cable.   

 The Thread Profiler data is captured by the laser probe, and measurements 

calculated automatically without need for expert interpretation.  Data is then displayed 

conveniently on a Laptop computer (see Figure 12).  The system is user-friendly to any 

operator trained in the scanning technique, without need for metrology expertise. 

 

 

 
FIGURE 12. LOTIS Thread Profiler Thread Form 

 


