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ACOUSHIC RESONANTINSPECTION (ARI)
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THEORY

ACOUSTIC RESONANT INSPECTION (ARI)

is based on the analysis of the natural frequencies of a part. An impact

causes the part to vibrate in certain characteristic frequencies. These

frequencies ( fr) are whole-body properties of a given structure, which are

determined by dimensions and material properties of the part. A simplified

physical model of the resonance can be expressed with a mass and string as
fr=Vk/m, where kis stiffness (material properties) and m is mass (dimensions,
density). Any structure has an infinite number of resonances, each determined by

a combination of material properties and dimensions.The presence of structural defects
results in out-of-specification condition for material properties or dimensions, which
causes shifts in these frequencies, changes in damping factors, or nonlinear effects such as
generation of new frequencies. By monitoring the aforementioned changes and analyzing the
multi-variable relations between the natural frequencies, various structural defects can be detected.
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Analysis Steps

[ Step 1: Calculate Peak Frequencies

[C]Step 2: Select Dominants
[ Step 3: Normalize to Dominants
[ Step 4: Select Mode Regions

[C)Step 5: Label Modal Frequencies

[JStep 6: Statistical Features

Step 7: Show Statistical Results
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DESCRIPTION

ARI offers rapid and inexpensive method
of 100% inspection of parts. ARI can be
used to detect structural defects such as
cracks, cold shuts, inclusions, porosity,
nodularity, hardness, density, and
heat treatment.

ARI principle of operation is based

on analyzing resonant frequencies

of parts. Every part has a unique
resonant signature and any deviation

from the expected signature indicates ”
the presence of a flaw. To excite the

structure and cause it to vibrate an impact
hammer is used. The part vibrations can

be measured by two microphones or two
accelerometers. A single measurement can
detect defects at any location throughout the part.

Advanced signal processing methods are used to detect natural frequency peaks and their damping factors
with a resolution down to 0.2 Hz.

ARl is a relative test method, which requires a database of known parts. During calibration or learning, a
database of reference parts including good and different defective parts is made.Typically, the database can
be set up with 100 to 500 good parts from different production batches. Various defective parts can be optionally
included in the database as well.

ARI generates a “decision module” based on advanced statistical methods and classification algorithms to sort
the parts. “Good” parts have consistent spectral signatures, meaning that their resonant frequencies are the
same among the reference part; while the resonances of “Fail” parts are different. For example, a crack in a part
causes certain resonances displaced to low frequencies or split up into two frequencies; whilst others remain
the same. With hardness testing, “all” resonances are changed due to a hardness deviation in a part.
The decision module checks multiple criteria, each one follows a particular “logic” to separate defective parts.
These criteria analyze the acceptance range of resonant frequencies, the mutual relation between two frequencies,
the relationship between multiple frequencies, and the classification result between Pass/Fail groups. A clustering
algorithm is applied to compensate for acceptable process variations. A large variety of data viewing tools are
available to compare the test results of a new part with the statistical features of the reference parts in the database.
We provide customized fixtures for part mounting using (silicon) rubber supports, automatic part
loading/unloading with pneumatic control, and optionally an isolated enclosure for environmental noise cancelling.



)

SonicDiagnostic

Rue du Marais 36, 2400,
Le Locle, Switzerland
Phone: +41(0)329314045
Fax: +41(0)329314079
www.sonicdiagnostic.com
info@sonicdiagnostic.com

| o
P

Ampinde, v

18 ¢

13 2
3 H
g z
H ‘

A T YR . bt ]
N I N D B 1 . A I S S
TYPICAL APPLICATIONS

ARl is designed to detect defects such as:

e Cracks

* Cavity

¢ Cold shuts

e Low nodularity ¢ Hardness deviations

¢ Residual stress ¢ QOut-of-tolerance dimensions

FEATURES

High speed, accurate and repeatable measurements

Easy to use and user friendly interface

Classification of parts based on advanced data

modeling and multivariate statistics methods

Temperature compensation of resonant frequencies

using infrared thermometer

Automatic impact using dual electromechanical

hammers with adjustable strike force

Expandable impact unit to dual hammers to excite

the part sequentially at different positions

Input/Output control signals for trigger, alarm or

other on-line process

Dust-proof and weather resistant enclosure

» Customized fixture design with pneumatic control
for part loading

* Report generation, including statistical analysis
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