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PREDICTIVE TESTING AND INSPECTION TECHNOLOGIES

1.
Descriptions of Predictive Testing Techniques 

This provides brief descriptions of the most commonly used predictive testing techniques.  This information was obtained from NPG 8831.2, NASA facilities Maintenance Management.  Refer to the NASA Reliability Centered Maintenance Guide for Facilities and Collateral Equipment for a more comprehensive and detailed discussion of PT&I. 

1.1
Vibration Analysis 


A.
Frequency and Time Domain Measurement. Analyzes the spectra of frequencies to identify the main causes of rotating equipment mechanical problems; (e.g., mechanical imbalance and misalignment). 


B.
Shock Pulse. Often used in evaluating the condition of bearings; measures the high-frequency noise generated when the moving elements in a bearing strike a defect and release mechanical energy. 


C.
Torsional Vibration Monitoring. Employs a pair of matched sensors to detect vibration of the equipment housing or structure caused by gear rotation and shaft torque. 

1.2
Tribology and Lubricant Analysis (Condition Analysis) 

A.
Physical Analysis. Evaluates the color, appearance, and purity of a given oil, fuel, or grease sample to determine the presence of contaminants, breakdown of additives, corrosiveness, and viscosity. 


B.
Infrared Spectography. Compares new oil and fuel samples with samples that have been in service to determine the degree of degradation that has occurred. 

1.3
Tribology and Lubricant Analysis (Wear Particle Analysis) 


A.
Direct Reading Ferrography. Measures the concentration of wear particles found in a fluid, segregates them by size using a graduated magnetic field, and trends the data. 


B.
Analytical Ferrography. After segregating wear particles, uses microscopic and other technical means to identify their types and compositions and then compares their characteristics with reference photographs to determine the severity of wear. 


C.
Magnetic Chip/Particle Counters. On-line systems that measure solid particles, ranging in size from 200 to 1,000 microns, in lubricating or hydraulic oil. 


D.
Graded Filtration/Micropatch. Passes a sample of the oil through a series of sequentially sized (graded) filters or a single micropatch and examines the filter or patch to determine the size and composition of particles in the sample. 

1.4
Temperature Monitoring 


A.
Infrared Thermography. A noncontact technique employing either a video system or a scanning-type temperature probe that measures infrared radiation emitted and reflected from surfaces. The technique is also effective in detecting thermal cavities and roof leaks. 


B.
Contact Devices. Devices such as thermometers, resistance temperature detectors, thermocouples, decals, and crayons that detect temperatures within 0.25oC. 


C.
Deep-Probe Temperature Analysis. Using temperature probes inserted into the soil in the vicinity of buried pipes carrying steam or hot fluid to determine the degree of leakage and energy loss. 

1.5
Electrical Testing 


A.
Megohmmeter Testing. Using a hand-held generator to determine the insulation phase-to-phase and phase-to-ground resistance from which the polarization index is calculated and the data trended to determine system degradation. 


B.
High Potential Testing (Highpot). Applies twice the operating voltage plus 1,000 volts to motor windings to test new and rewound motors. Caution is advised, because the test can induce premature failure. 


C.
Surge Testing. Using two capacitors and an oscilloscope to determine the condition of motor windings by measuring the current generated by applying a voltage pulse to two windings simultaneously. Like Highpot, applies a voltage equal to twice the operating voltage plus 1,000 volts, and consequently, it can induce premature failure. 


D.
Conductor Complex Impedance. Measures the total resistance of a conductor to detect motor coil degradations, worn or missing motor insulation, the presence of moisture, and other abnormalities. 


E.
Time Domain Reflectometry. Precisely locates cable faults by sending a fast-rise voltage pulse through a conductor and measuring the time delay in receiving a fault-caused reflected pulse. 


F.
Motor Current Signature Analysis. Using motor current spectra to determine if broken or cracked rotor bars or high-resistance end ring connections are present in motors. 


G.
Radio Frequency Monitoring. Monitors and trends radio frequency emissions from arching caused by broken windings in generators. 


H.
Power Factor and Harmonic Distortion. Determines the phase relationship between voltage and current, from which power factor is calculated and electrical power reduction decisions can be made. 


I.
Starting Current and Time. Measures the amount of current drawn, the sequence, and the time for equipment to come to operating speed to assess the operation of electrically driven equipment. For example, misaligned equipment may require more starting torque and, consequently, a higher peak and duration of startup current. 


J.
Motor Circuit Analysis. Combines several of the previously defined tests and factors to detect motor circuit voltage imbalances caused by such conditions as loose connections, corrosion, bad solder joints, and maladjusted contacts. 


K.
Insulation Power Factor Testing. Determines the phase relationship between the test currents and voltages. From this information, insulation impedance changes can be calculated and trended. Premature failures can then be predicted using operational and industry standards. 

1.6
Leak Detection 


A.
Vibration Monitoring. Detects leaking steam traps by measuring vibration levels upstream, downstream, on the trap itself, and then comparing the vibration spectra. 


B.
Acoustic Emissions. Involves the use of two acoustic sensors that operate in the 100-200 kHz range to listen for sounds made by fault or failure conditions such as leaks in pressurized or vacuum systems. 


C.
Airborne Ultrasonics. Uses either contact or standoff devices, similar in purpose to stethoscopes, to detect emitted high frequency (over 20 kHz) sound as a fluid or gas flows through an orifice. 

1.7
Flow Measurement 


A.
Doppler Shift. Measures flow rates by comparing the frequency shift between transmitted and reflected signals. Usually used in fluids with entrained particles or gas bubbles. 


B.
Time of Flight. Employs two transmitters and detectors separated by some predetermined distance and measures the difference in time of flight between upstream and downstream detectors. 


C.
Tracer Element. Inserts a tracer element in the fluid and measures the elapsed time and amount of dilution when the tracer element arrives at a predetermined downstream location. 

1.8
Imaging 


A.
Macro Imaging. Employs fiber optics, endoscopes, borescopes, and miniature cameras to archive on film or to record digitally the actual condition of equipment and components. 


B.
Ultrasonic Imaging. Uses a pulse-echo thickness gauge to determine the presence of subsurface flaws, their size, and their orientation. 


C.
Radio Imaging. Uses portable x-, gamma-, or neutron-ray equipment to identify flaws; operates on the theory that the film will be darker where there is less wall thickness. 

1.9
Corrosion Monitoring 


A.
Dew Point Monitoring. Calculates the dew point of a compressed gas system by determining pressure and temperature conditions within the system. When temperature drops below the dew point, water vapor condenses and corrosion increases. 


B.
Conductivity Monitoring. Measures the conductivity of ionic impurities in a fluid from which corrosion rates can be calculated. 


C.
Ultrasonic Corrosion Monitoring. Measures the thickness of metal ultrasonically by sending high-frequency sound waves into an object and measuring the amount of time for them to be reflected back. 

1.10
Process Parameters/Visual Inspection 


A.
Diagnostic Monitoring. Recording process related data such as temperature and pressure and using changes in those parameters to identify emergence of a problem. 


B.
Visual Inspection. Visual detection of problems such as oil leaks that are not detected by other, more technical means. 

1.11
Other Flaw Detection Techniques

A.
Acoustic Emissions Detection. Uses special equipment to listen for sounds made by fault or failure conditions such as leaks in pressurized or vacuum systems. One application uses multiple sensors and computer algorithms to locate shear defects resulting from subsurface intragranular flaws. As these defects grow in size, they emit high frequency, highly directional noise in the 100-500 kHz range. Drawbacks in using this technique are (1) analysis is hampered by other noises in the same frequency range and (2) while this technology measures changes in the flaw size, it does not measure the size of the flaw itself. 


B.
Sulfur Hexaflouride (SF6). Finds leaks in systems by filling them with SF6 gas and then using special detectors to sense above-normal SF6 concentrations, which indicate the locations of the leaks. 


C.
Eddy Current Testing. Uses an induced magnetic field to detect cracks in metal test objects, such as heat exchanger tubes. Current flow caused by the magnetic field is reduced by electrical resistance at the defects and forms distinguishable current patterns. These patterns are then amplified and visually displayed allowing the analyst to determine both the flaw location and its size. 


D.
Liquid Penetrant Testing. Uses a low-viscosity liquid, penetrating dye and developer to penetrate and highlight surface defects. 


E.
Magnetic Flux. Magnetizes a specimen, causing fine, sprayed-on iron particles to concentrate at surface discontinuities. 


F.
Insulating Oil Test. Examines the oil properties such as dielectric strength, power factor, contaminant levels, acidity, and combustible gas content. 


G.
Replication. Makes a plastic foil casting of a portion of an item, then subjects the casting to microscopic examination. Defects such as stress cracks show up in the casting. 


H.
Electromagnetic Pipe Location. Locates and maps underground piping systems. It traces a piping system by directly applying or inducing a signal in the system and then uses an induction coil pickup to detect the signal. 


I.
Radar Mapping. Uses ground-penetrating radar to locate and map underground systems and to detect buried items. 


J.
Holographic Interferometry. Record deformations caused by stress or vibration. Determines degree of deformation by comparing the interference patterns that arise with normal conditions. 


K.
Boring. Bores holes into the tested item such as a utility pole and determines the item's condition by examining the shavings.



L.
Holiday and Fault Location. Finds breaks in the insulation of piping and cable systems by detecting electrical signal leakage above the pipe or cable.
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