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Input for Metallic and Non-Metallic Parts
This standard is issued under the fixed designation E2534; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.
1. Scope

1.1 This practice describes a general procedure for using the
process compensated resonance testing (PCRT) via swept sine
input method to identify metallic and non-metallic parts’
resonant pattern differences that can be used to indentify parts
with anomalies causing deficiencies in the expected perfor-
mance of the part in service. This practice is intended for use
with instruments capable of exciting, measuring, recording,
and analyzing multiple whole body mechanical vibration
resonant frequencies within parts exhibiting acoustical ringing
in the audio, or ultrasonic, resonant frequency ranges, or both.
PCRT is used in the presence of manufacturing process
variance to distinguish acceptable parts from those containing
significant anomalies in physical characteristics expected to
significantly alter the performance. Such physical characteris-
tics include, but are not limited to, cracks, voids, porosity,
shrink, inclusions, discontinuities, grain and crystalline struc-
ture différences, density related anomalies, heat treatment
variations, material elastic properties differences, residual
stress, and dimensional variations.

1.2 This practice uses inch pound units as primary units. SI
units are included in parentheses for reference only, and are
mathematical conversions of the primary units.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?
E1316 Terminology for Nondestructive Examinations

! This practice is under the jurisdiction of ASTM Committee EO7 on Nonde-
structive Testing and is the direct responsibility of Subcommittee E07.06 on
Ultrasonic Method.

Current edition approved March 1, 2010. Published March 2010. DOI: 10.1520/
E2534-10

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

E2001 Guide for Resonant Ultrasound Spectroscopy for
Defect Detection in Both Metallic and Non-metallic Parts

3. Terminology

3.1 Definitions:

The definitions of terms relating to conventional ultrasonic
examination can be found in Terminology E1316.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 resonant ultrasound spectroscopy (RUS)—Basic RUS
(1)* was originally applied in fundamental research applica-
tions in physics and materials science. A few other recogniz-
able names include acoustic resonance spectroscopy, acoustic
resonant inspection, and resonant inspection. Guide E2001
documents RUS extensively. A nondestructive examination
method that employs the measurement and analysis of acous-
tic, or ultrasound resonance patterns, or both, for the identifi-
cation of acceptable variations in the physical characteristics of
test parts in production environments. In this procedure an
isolated, rigid part is caused to resonate. Certain resonances are
measured and compared to a previously defined acceptable
pattern combination of resonances. Based on this comparison,
the part is judged to be acceptable or, if it does not conform to
the established pattern, unacceptable.

3.2.2 process compensated resonant testing (PCRT)—a
nondestructive examination method which is an enhancement
to RUS providing greater ability to identify resonant frequency
shifts due to flaws and unacceptable variations in components
in the presence of acceptable resonant frequency shifts ac-
countable to normal manufacturing process variations. The
process employs the measurement and analysis of acoustic or
ultrasound, or both resonance patterns for the identification of
unacceptable variations in the physical properties of examined
parts in production environments. In classic RUS, this proce-
dure in an isolated, rigid part is caused to resonate. resonances
are measured and compared to a previously defined acceptable
pattern of resonances. Based on this comparison the part is
judged to be acceptable or, if it does not conform to the
established pattern, to be, by default, unacceptable.

3 The boldface numbers in parentheses refer to a list of references at the end of
this practice.
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3.2.3 teaching set—a group of like components including
examples of known acceptable and known unacceptable com-
ponents representative of the range of acceptable variability
and unacceptable variability.

3.2.4 sort—a software program capable of classifying a
component as acceptable or unacceptable.

3.2.5 classification—the labeling of a teaching set of parts
as acceptable or unacceptable.

3.2.6 false negative, n—part failing the sort but deemed by
other method of post test/analysis to have acceptable or
conforming specifications

3.2.7 false positive, n—part passing the sort but exhibiting a
flaw (either inside the teaching set of flaws or possibly outside
the teaching set range of flaws) or nonconforming to specifi-
cation.

3.2.8 broadband—the range of frequencies, excitation pa-
rameters, and data collection parameters developed specifically
for a particular part type.

3.2.9 resonance spectra—the recorded collection of reso-
nance frequency data, including frequency peak locations and
the characteristics of the peaks, for a particular part.

3.2.10 work instruction—stepwise instructions developed
for each examination program detailing the order and applica-
tion of operations for PCRT examination of a part.

3.2.11 margin part—a single part representative of a part
type that is used to determine measurement repeatability and
for system verification.

4. Sumlflary of Practice

4.1 Introduction:

4.1.1 Many variations on resonant testing have been used as
an applied nondestructive examination tool in simple applica-
tions discriminating structural anomalies that significantly alter
performance and are much greater than those seen in normal
production parts as they vary in the population. The details of
this basic form of resonant testing are outlined in Guide E2001.

4.1.2 Process compensated resonant testing (PCRT) is a
progressive development of the fundamental principles of
RUS, and can employ various methods for enhancing the
discrimination capability of RUS. Throughout the 1990s,
application of RUS for production NDT led to better under-
standing of the challenges associated with differentiating
resonance variations caused by anomalies in a part from
resonance variations resulting from normal and acceptable
process variations such as mass, density and dimension varia-
tions within the acceptable tolerance for that part.(2), (3) PCRT
first became commonly used in the production examination of
metal and ceramic parts in the late 1990s.(4) By the early
2000s, PCRT had essentially developed into the robust NDT
capability it is today.(5)

4.1.3 PCRT is a comparison technology using a swept sine
wave to excite the components through a range of frequencies
determined by the part’s mass, geometry, and material proper-
ties, then recording the part’s resonant responses to the swept
sine input signal. By comparing the resonance patterns of
known acceptable components and unacceptable components,
PCRT applications are faught to be sensitive to resonance
variations associated with unacceptable components and also
taught to be insensitive to variations associated with acceptable

components. This initial teaching phase produces a part spe-
cific examination application, applying known statistical tools
to the entirety of the collected spectra of the available
acceptable and unacceptable parts while determining a set of
relationships of resonant frequencies representing patterns
found in the acceptable parts, and selecting those relationships
specifically excluding patterns found in the spectra of unac-
ceptable parts. This procedure yields a sort for examination
that compares portions of the spectra of the part being
examined to a set of relationships determined in the teaching
phase. If the spectra of the examined component fall within an
acceptance range of the acceptable pattern, then the part will be
classified as acceptable. In one examination cycle, PCRT-based
techniques can test for a single anomaly, or for combinations of
anomalies, as listed in 1.1. The PCRT measurement yields a
whole body response, finding structurally-significant anoma-
lies anywhere within the part, but it is generally not capable of
determining the type or location of the anomaly. A teaching set
of parts must contain both acceptable and unacceptable
samples as determined by someone knowledgeable of the
design, validation testing, and minimum functional require-
ments of the part.

4.1.4 PCRT can be applied to new parts in the production
environment, to parts currently in service, or in a combined
program in which parts are initially classified as free of
substantial anomalies in production, and then periodically
re-examined with PCRT in order to monitor for the accumu-
lation of fatigue and damage resulting from use. An example of
the application of PCRT is given here with respect to gas
turbine blades. Application of PCRT to the blades in the
production environment can be used to accept only parts free of
manufacturing and material defects such as cracks, voids,
shifted cores, heat treatment irregularities, and the like. Since
turbine blades are periodically inspected throughout their
useful lives, PCRT can be applied during these inspections to
accept only parts that are free of service induced defects such
as gamma prime solutioning, rafting, cracks, inter-granular
attack, or excessive wear.

4.1.5 This practice is intended to provide a practical guide to
the application of PCRT based nondestructive examination
(NDT) to metallic and non-metallic parts. It highlights the
steps necessary to produce robust and accurate test applications
and outlines potential weaknesses, limitations and factors that
could lead to a part’s misclassification. Some basic explana-
tions of resonances, and the effects of anomalies on them, are
found in 4.2. Some successful applications and general descrip-
tion of the equipment necessary to successfully apply PCRT for
classification of production parts are outlined in 5.1 and 5.2,
respectively. Additionally, some constraints and limitations are
discussed in 5.3. The general procedure for developing a
part-specific PCRT application is laid out in 6.1.

4.2 Resonances and the Effect of Anomalies:

4.2.1 The swept sine method of vibration analysis operates
by driving a part at given frequencies (audio through ultra-
sound, depending on the part characteristics) and measuring its
mechanical response. Fig. 1 contains a schematic for one
embodiment of a PCRT apparatus. The process proceeds in
small frequency steps over a previously determined and
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FIG. 1 PCRT System Schematic

predicted range of interest. During such a sweep, the drive
frequency brackets the expected location of a resonance. When
the excitation frequency is not matched to one of the part’s
resonance frequencies, very little energy is coupled to the part;
that is, there is essentially no vibration. At resonance, however,
the energy delivered to the part is coupled, generating much
larger vibrations. A part’s resonance frequencies are deter-
mined by its geometry (to include the shape and dimensions)
and by the density and the elastic constants (mechanically
equivalent to mass, stiffness, and damping) of the material. An
example of the resonance spectra for a part is shown in Fig. 2
for reference.

4.2.2 1If a structural anomaly, such as a crack, is introduced
into a region under strain, it will change the effective stiffness
of a part (decrease stiffness for a crack). That is, the part’s
resistance to deformation will change and will shift some of the
part’s resonant frequencies (downward for decreasing stiff-
ness). Voids in a region can reduce mass and increase certain
resonant frequencies. In general, any change to a part that alters
the structural integrity, changes a geometric feature or affects
the material properties will alter its natural resonance frequen-
cies. Gré@phic examples of the effects of various anomalies on
resonances are presented in Guide E2001.

Soectum Source: TRANSCEMVER

FIG. 2 Resonance Spectra (50 kHz — 120 kHz)

Broadband Modue  (Band 1 nazz

4.2.3 For example, the torsional (twisting) resonant modes
represent a twisting of a part about its axis. In the simple
example of a long cylinder, these resonances are easily
identified because some of their frequencies remain constant
for a fixed length, independent of diameter. A crack will reduce
the ability of the part to resist twisting, thereby reducing the
effective stiffness, and thus, the frequency of a torsional mode
both shifts to a lower value and then alters the mode shape.
Other resonances representing different resonant motions of the
part will not be affected in the same manner. Also, a large
structural anomaly can be detected readily by its effect on the
first few resonant frequencies. However, smaller structural
anomalies have much more subtle and localized effects on
stiffness, and therefore, often require higher frequencies (high-
order resonant modes and harmonics) to be detected. In
general, it must be remembered that most parts will exhibit
complex motions when resonating and analyzing the relation-
ship between the resonant frequencies provides one way to
generate the information necessary to interpret the data result-
ing from measuring the frequencies of the various resonant
modes. These relationships form one basis for detecting the
difference between normal, expected variations and variations
indicating significant structural or geometric differences from
one part to another. A broad body of research is available
describing various other nonproprietary approaches to identi-
fying significant features (flaws, damage, etc) from changes in
their vibration characteristics in the presence of environment or
process variation.(7)

5. Significance and Use

5.1 PCRT Applications and Capabilities—PCRT has been
applied successfully to a wide range of NDT applications in the
manufacture and maintenance of metallic and non-metallic
parts. Examples of anomalies detected are discussed in 1.1.
PCRT has been shown to provide cost effective and accurate
NDT solutions in many industries including automotive, aero-
space, and power generation. Examples of successful applica-
tions currently employed in commercial use include, but are
not limited to:

(1) Silicon nitride bearing elements

(2) Investment cast steel rocker arms

(3) Cast gas turbine blades

(4) Stamped and brazed steel rocker arms

(5) Cast aluminum knuckles and control arms

(6) Cast ductile iron control arms

(7) Cast cylinder heads and cylinder blocks

(8) Sintered powder metal gears and clutch plates
(9) Machined forged steel steering racks

(10) Machined forged steel transmission gears and shafts
(11) Ceramic oxygen sensors

(12) Silicon wafers

(13) Gas turbine components

5.2 General Approach and Equipment Requirements for
PCRT via Swept Sine Input:

5.2.1 PCRT systems are comprised of hardware and soft-
ware capable of inducing vibrations, recording part response to
the induced vibrations, and executing analysis of the data
collected. Inputting a swept sine wave into the part has proven
to be an effective means of introducing mechanical vibration,
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and can be achieved with a high quality signal generator
coupled with an appropriate active transducer in physical
contact with the part. Collection of the part’s frequency
response can be achieved by recording the signal generated by
an appropriate passive vibration transducer. The software
required to analyze the available data may include a variety of
suitable statistical analysis and pattern recognition tools. Mea-
surement accuracy and repeatability are extremely important to
the application of PCRT.

5.2.2 Hardware Requirements—A swept sine wave signal
generator and response measurement system operating over the
desired frequency range of the test part are required with
accuracy better than 0.002 %. The signal generator should be
calibrated to applicable industry standards. Transducers must
be operable over same frequency range. Three transducers are
typically used; one Drive transducer and two Receive trans-
ducers. Transducers typically operate in a dry environment,
providing direct contact coupling to the part under examina-
tion. However, noncontacting response methods can operate
suitably when parts are wet or oil-coated. Other than fixturing
and transducer contact, no other contact with the part is
allowed as these mechanical forces dampen certain vibrations.
For optimal examination, parts should be placed precisely on
the transducers (generally, £0.062 in. (1.6 mm) in each axis
provides acceptable results). The examination nest and cabling
shall isolate the Drive from Receive signals and ground returns,
so as to not produce (mechanical or electrical) cross talk
between channels. Excessive external vibration or audible
noise, or both, will compromise the measurements.

5.3 Constraints and Limitations:

5.3.1 PCRT cannot separate parts based on visually detect-
able anomalies that do not affect the structural integrity of the
part. It may be necessary to provide additional visual inspec-
tion of parts to identify these indications.

5.3.2 Excessive process variation of parts may limit the
sensitivity of PCRT. For example, mass/dimensional variations
exceeding 5 % may cause PCRT to be unusable.

5.3.3 Specific anomaly identification is highly unlikely.
PCRT is a whole body measurement, and differentiating
between a crack and a void in the same location is generally not
possible. It may be possible to differentiate some anomalies by
using multiple patterns and training sets.

5.3.4 PCRT will only work with stiff objects that provide
resonances whose frequency divided by their width at half of
the maximum amplitude (Q) are greater than 400 to 500.
Although steel parts may be very stiff and perfectly reasonable
to use for PCRT, steel foil would generally not be.

5.3.5 While PCRT can be applied to painted and coated
parts in many cases, the presence of some surface coatings
such as vibrating absorbing materials and heavy oil layers may
limit or preclude the application of PCRT.

5.3.6 While PCRT can be applied to parts over a wide range
of temperatures, it can not be applied to parts that are rapidly
changing temperature.

5.3.7 Misclassified parts in the teaching set, along with the
presence of unknown anomalies in the teaching set, can
significantly reduce the accuracy and sensitivity of PCRT.

6. Procedure

6.1 Successful PCRT application development and imple-
mentation follows a standard flow. The stepwise functions
required in the flow are:

(1) Collection of a teaching set of components

(2) Design and fabrication of a test nest or appropriate
fixturing

(3) Understanding the effects of temperature on the reso-
nance spectra

(4) Specification of a resonance broadband data collection
parameters

(5) Evaluate system measurement repeatability and repro-
ducibility (similar to Gauge R and R) with respect to mounting
parameters

(6) Collection of data from the teaching set of parts

(7) Analysis of collected data for pattern recognition

(8) Generation of a sort to classify examined parts

(9) Validation of the sort against the teaching set compo-
nents and unknown components

(10) Issuance for the work instruction for the specific part

(11) Validation of work instructions and technician training
against control set of components

(12) Execution of the work instruction for component
examination

6.1.1 Collection of Teaching Set Parts—The collection of
the initial teaching set of components is critical to the success-
ful application of PCRT. The teaching set must represent the
range of acceptable variation in the part appropriate to the
intended state of the parts to be examined, and must also
represent the known range of anomalies of interest. While it is
possible to add additional acceptable and unacceptable parts to
the teaching set over time, it is most desirable to have full
range of representation of both acceptable and unacceptable
variability from the onset of the project. The total number of
parts required for the teaching set varies as a function of the
range of acceptable and unacceptable variations present. A
guideline however is that roughly 100 parts with a ratio of two
acceptable components to one unacceptable component works
for most applications. Processes that produce tightly controlled
parts with small acceptable variations may require a smaller
teaching set, while a process with a wide range of acceptable
variation and multiple sources of anomalies may require large
teaching sets. It is critical that the classifications of the teaching
set be accurate, and that they are made by personnel knowl-
edgeable of the design, validation, examination, and minimum
required functional requirements of the part. Improperly clas-
sified parts in the teaching set lead to reduced sensitivity to
anomalies, increased false positive examination results, and
increased potential for a false negative examination result.

6.1.1.1 Classification of Teaching Set Parts by NDT—Other
NDT techniques such as magnetic particle, dye penetrant,
X-ray, eddy current, ultrasound, computed tomography,
SONIC IR, Flash Thermography, and visual inspection can be
useful in determining the correct classification of parts in the
teaching set. However, it must be understood that indications
from other NDT methods must be confirmed to be actual

anomalies of interest by personnel knowledgeable of the
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design, validation, examination, and minimum required func-
tional specifications of the part. An example that highlights this
requirement is that a scratch in the surface of a part may result
in a dye penetrant indication, yet the scratch is unlikely to have
an effect on the resonance of the part, nor is it likely to
adversely affect the structural integrity and/or performance of
the part. By classifying this part as unacceptable in the teaching
set due to the dye penetrant indication, an acceptable resonance
pattern will be included in the population of unacceptable
patterns, confound the pattern recognition algorithm and de-
grade the performance of the examination.

6.1.1.2 Classification of Teaching Set Parts by Destructive
Examination—Destructive methods, including, but not limited
to, static and dynamic functional examination, sectioning, and
metallographic analysis, have proven to be the best classifiers
for teaching set parts. Because the resonance spectra of a part
can be stored permanently, classifications can be assigned to
the spectra after destructive examination. When there is any
doubt about the proper classification of a teaching set part,
destructive testing is the recommended method for resolution.
Functional performance examination of a statistically signifi-
cant set of parts and assigning classifications based on perfor-
mance (acceptable classification for parts meeting or exceeding
design goals, unacceptable for all others) results in PCRT
sorting that correlates well with part performance. Fig. 3 shows
the results of such a program for clutch plates. All parts passing
the sorting algorithm based on destructive examination meet or
exceed design goal of 75k cycles.

6.1.2 Design and Fabrication of Test Nest—Because the
nest on which testing is performed and data is collected defines
the boundary conditions for the resonating part, care must be
taken in its design to ensure accurate and repeatable location of
the part relative to the transducers and support. While optimal
nest design is often experimentally determined, the following
objectives give direction to the experimentation:

(1) Position the driven transducer in an area of the part with
significant mass to ensure adequate coupling of the transducer
to the part.

(2) If multiple receive transducers are used, place them at
different distances from the drive transducer, and attempt to
have each carry a similar portion of the part’s weight.

(3) The fixture should be isolated from vibrations induced
by the operating environment.

(4) Ease of part placement and protection of transducers in
operation should be considered in the design.

(5) If multiple nests are to be used to examine a single part
type, the nests must be confirmed to produce comparable
results for a given input.

(6) For parts up to about 45 1b (20.41 kg), the common
practice is to support the part on the drive transducer and
receiving transducers (see Fig. 4 and Fig. 5).

(7) For heavier objects, it is often more practical to support
the part on some isolating material and to contact the part with
the drive and receiving transducers, often lowered into contact
from the top. See Fig. 4 and Fig. 5 for pictures of typical nests.

6.1.3 Understanding Effects of Temperature on Resonance
Spectra—While PCRT can perform over the wide range in
temperatures encountered in the manufacturing and operating
environments, care must be taken to ensure that data quality is
not adversely affected by temperature effects. Because the
resonances of materials vary with changes in temperature, it is
important that the effect of temperature on a particular part’s
spectra is well understood, and also important to ensure that the
part is at a stable temperature during data collection and
examination. At least one method of compensating for the
effects of temperature on the resonance spectra of parts is
covered under U.S. patents.

6.1.4 Specification of Resonance Broadband and Data Col-
lection Parameters—Each part type will have a range of
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FIG. 5 Cast Turbine Blade Nest

frequencies relevant to PCRT based on the parts mass, geom-
etry, and material properties. An aluminum part of 1 Ib. (0.45
kg) is likely to have a useful frequency range of up to 130 kHz,
where as a steel part of 25 Ib (11.34 kg) is likely to have a
frequency range of up to 50 kHz. Special applications such as
ceramic roller elements may require frequencies above the 500
kHz — 10 MHz range. With the range of frequencies deter-
mined, the excitation and data collection parameters must be
optimized throughout that range to ensure accurate and repeat-
able data is collected.

6.1.5 Evaluation of the System Measurement Repeatability
with Respect to Nest and Part—Prior to collection of the
training set data it is important to develop a complete under-
standing of the measurement repeatability and reproducibility
for the system including the nest and part. First, a single

Mérgin Database Summary (FQ) Page1

acceptable part is designated as the margin part, and at least 30
full spectra for that part are collected, with the part being
removed and replaced each time. It is advisable to collect the
margin part spectra at a range of temperatures, and with a
plurality of operators, that represents the anticipated operating
environment of the PCRT system. The purpose of this data
collection is to support statistical evaluation of the combined
effect of placement accuracy and system measurement and
operators’ variability. If the results of this evolution show
excessive variation and low repeatability, redesign of the nest
may be required to improve part location and nest resonant
effect. If multiple nests are to be used for a particular part type,
all nests must be confirmed to have similar measurement
repeatability. An example of a typical margin part statistical
evaluation is shown in Fig. 6.

6.1.6 Collection of Data from the Teaching Set Parts—Once
the nest has been developed, temperature effects are under-
stood, and the broadband has been specified, full spectra data
is collected from the parts in the teaching set.

6.1.7 Analysis of Collected Data for Pattern Recognition—
With a complete set of spectra collected from the teaching set,
and classifications of acceptable and unacceptable applied to
each individual spectra, analysis can commence. Common
steps in the analysis of the data are:

(1) Statistical evaluation of the variability of the spectra of
acceptable parts.

(2) Statistical evaluation of the variability of the spectra of
the unacceptable parts.

(3) Investigation of any spectra that appear to be misclas-
sified to ensure accuracy of teaching set classifications.

(4) Inspection of the spectra of unacceptable parts for gross
differences in frequencies caused by the anomalies present in
the part as illustrated in Fig. 7 that can be used to reject
unacceptable parts.

(5) Application of pattern recognition tools such as
Mahalanobis-Taguchi (6) to aid in the selection of diagnostic
frequencies and frequency relationships common to acceptable
parts and most likely to be strongly affected by differences in
the spectra caused by known anomalies.

(6) Examples of single peak resonance variations due to
anomalies can be found in Guide E2001.

(7) A graphic illustration of multi-frequency pattern varia-
tions for use in pattern recognition analysis is shown in Fig. 7.
This example method of pattern recognition via frequency
differences is covered under U.S. patents.

6.1.8 Generation of a Sorting Algorithm for the Examina-
tion of Parts—Compilation of the analysis in the previous step
produces a set of absolute and relative frequency values that

Column 1 2 3 4 5 6 7 8 9 10
Goods (30)
Min (kHz) 3.955 7.246 13487 13.951 18.084 19.459 20.074 23435 24 405 24 872
Avg 4 7.248 13499 13.961 18.093 19.471 20.088 23.444 24413 24 878
Max 4025 7.253 13518 13.972 18122 19.479 20.096 23.456 24 422 24 .89
Range (kHz) 0.07 0.008 0.031 0.021 0.038 0.02 0.022 0.021 0.017 0.019
Range (%) 1754 0106 0.228 0.147 0.209 0.105 01 0.091 0.071 0.077
Std.Dev. 0.014 0.002 0.007 0.004 0.011 0.005 0.005 0.005 0.004 0.005
Std.Dev (%) 0.353 0.025 0.055 0.027 0.06 0.026 0.025 0.02 0.018 0.019

FIG. 6 Margin Part Statistical Evaluation
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FIG. 7 Patterns of Acceptable Parts in Green and Unacceptable Parts in Red

define the spectra of acceptable parts and ensure the maximum
sensitivity to the differences in the spectra caused by anoma-
lies. The examination applied by the sorting algorithm com-
pares the frequency values of the part being examined to the
stored set of absolute and relative frequencies. If the frequen-
cies of the examination are within the acceptable range
established in the algorithm, the part receives a pass determi-
nation. All other parts examined receive a fail determination.

6.1.9 Validation of the Sort Against the Teaching Set Com-
ponents and Unknown Components—Sorting algorithms must
be validated to ensure that they reliably and repeatedly accept
components classified as acceptable, and reject parts classified
as unacceptable, by personnel knowledgeable of the design,
validation examination and minimum required functional re-
quirements of the part. Validation occurs first with the parts in
the teaching set, and then must be further validated by
subjecting classified parts not included in the teaching set. It is
common that algorithms are iteratively developed until they
meet accuracy and repeatability levels acceptable to the opera-
tor.

6.1.10 Issuance for the Work Instruction for the Specific
Part—Once the sorting algorithm is validated, a written work
instruction must be generated for the specific part. The work
instruction details the required system verification require-
ments, the placement of the part, the collection of the part
temperature prior to test, and steps to carry out the examina-
tion. The work instructions will indicate if the system is to run
accept/reject examining only or if the entire resonance spectra
for each part examined is to be collected as well. The work
instruction also details any additional data to be collected
relative to the part or examination program, such as part serial
number, manufacturing batch information, and time in service,
or other similar information.

6.1.11 Execution of the Work Instruction for Component
Examination—Technicians require only minimal training in
order to carry out PCRT examinations. The training must
include at a minimum, familiarity with the equipment to be
used, a simple overview of the Resonant Ultrasound Spectros-
copy, and supervised hands-on experience performing all tasks
found in the work instruction. The performance of your test
system and technicians should be controlled under your mea-
surement and calibration quality system with demonstrated
proficiency through testing on a set of control parts.

6.1.12 Maintenance and Updates to the System—
Maintenance to the PCRT system includes calibration of the
signal generator, replacement of system components such as
transducers, cables, signal generator, nest components and the
like as needed, and occasionally updates to the sorting algo-
rithm to accommodate for changes in the examination pro-
gram.

(1) Calibration of the signal generator and transducers if
requiredmust be performed in accordance with the manufac-
turer’s specification, and must occur annually at a minimum.

(2) The need to replace components will be indicated by
malfunction of the system detected either by the system
verification procedure or by visual inspection by a technician
or engineer. Some replacements can be performed in the field,
other components may need to be returned to the manufacturer
for service.

(3) Updates to the sort algorithm are required when new
information that can improve performance is available. Ex-
amples of this situation include but are not limited to:

(a) Additional variation in the spectra of acceptable parts
is encountered, such as dimensional variations resulting form
tool wear.
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(b) Additional variation in the spectra of unacceptable
parts is encountered, such as a new defect of interest is
discovered.

(c) Design changes or material substitutions are imple-
mented in the manufacture of a part. Generally it is possible to
add additional known acceptable or known unacceptable, or
both part spectra to the teaching set data, and a revised sorting
algorithm generated and validated. However, in some cases,
such as a significant design change in the part, an entirely new
teaching set must be collected, and a new sorting algorithm
developed.

7. Report

7.1 The report resulting from PCRT applications must
document the pertinent information relative to the application.
While each application may require different information and
levels of detail, at a minimum the report should include:

(1) Date and time of examination
(2) Pass/Fail examination result

(3) Any part acceptance or failure criteria measured such as
numerical outputs of statistical tools used for pass/fail deter-
mination

(4) Part information such as part type, part number, or
serial number

8. Keywords

8.1 damage identification; elastic properties; feature extrac-
tion; nondestructive examination; nondestructive inspection;
process compensated resonant examination; process compen-
sated resonant testing; production variation; quality control;
resonance inspection; resonances; resonant frequency; resonant
mode; resonant ultrasound spectroscopy; system health moni-
toring; vibration characteristics
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