TECHNICAL LIBRARY

:ASUREMENT SENSITIVE

MIL-HDBK-788
25 JUuLY 1989

MILITARY STANDARDIZATION HANDBOQOO

L] & u =B & w 5 8 nE W L N

SELECTION OF ACOUSTIC EMISSION
SENSORS

NO DELIVERABLE DATA REQUIRED BY THIS DOCUMENT

AMSC N/A ARNEA NDTI

DISTRIBUTION STATEMEMT A Approved f(or public release; dislribulion unlimited.




TECHNICAE ' LIBRAR

AER P A 2OM

MIL-HDBK-788

SELECTION OF ACOUSTIC EMISSION SENSORS

efense with the

1. This standard handbook was developed by the Department of D

P e = _ PN TR ry ~ A e A L ad kY m Mt mle e T mmee T om bl mim L aaer e [T, Ry -
asslstance oL une eDe ALIN rMauuerlials 1ecClnoioygy Laporaloly d4dlld uninaer a
contract with Physical Acoustics Corperaticon. It is approved for use by all
departments and agenciés of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Director, US Army Laboratory Command, Materials Technology
Laboratory, ATTN: SLCMT-MEE, Watertown, MA 02172-0001 by using the

Standardization Document Improvement Proposal (DD Form 1426) appearing at t

[

e

PR | o~ RN SR . — L e am P b NP I S
ena or tnls qgocumelnt or Dy letter.

ii



7—EE3FHQIDZ\L LIBFQAJQY

FOREWORD

The use of acoustic emission testing and monitoring is growing rapidly.
Each class of applications places its own demands on the acoustic emission
(AE) 1nstrumentat10n, and, in partlcular, on the choice of sensors. Many
ble and each has been designed to
ed to assist
icular
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1. SCOPE .

1.1 Purpose. This handbook provides guidelines for selecting sensors for
a particular application.

1.2 Method. Because applications are too numerous to treat in detail,
characteristics of applications are defi
h i c

ned and relevant sensor attrlbutes are
tiC Use of the handbo
n lat

characteristics re

O 0

Lor e
rnv1 ow1 ng senso
eviewing senso

planned application and notlng the corresponding recommendations
appropriate sensor. A list of some basic guidelines is also given.

1.3 Terminology. Definitions are contained in MIL-STD-1945 for many
terms used in this handbook.

st
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2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. The following
specifications, standards, and handbooks form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of these

documents are those listed in the issue of the Department of Defense Index of
Specifications and Standards (DODISS) and supplement thereto, cited in the

rFelal il llls

solicitation.

STANDARDS
MILITARY
MIL-STD-1945 - Glossary of Terms and Definitions for Acoustic
Emission Testing Procedures

(Unless otherwise indicated, copies of federal and military
specifications, standards, and handbooks are available from the Naval
Publications and Forms Center, (ATTN: NPODS), 5801 Tabor Avenue, Philadelphia,

PA 19120-5099.)

documents form a part of

9 2 NAn A Atra nmanh nithli~rakrinna Nnl1lTAwina
o o L UL \JUVCL I« kIHUJ.L\'uuLUIID. ERYY VhALUVW LI i a3 ot
this specification to the extent specified herein. Unless otherwise

specified, the issues of the documents which are DoD adopted are those listed
in the issue of the DODISS cited in the solicitation. Unless otherwise
specified, the issues of documents not listed in the DODISS are the issues of
the documents cited in the solicitation.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E650 - Mounting Piezoelectric Acoustic Emission Contact Sensors

ASTM E750 - Standard Practice For Measuring The Operating Characteristics

of Acoustic Emission Instrumentation

ASTM E976 - Guide for Determining the Reproducibility of Acoustic
Emission Sensor Response

ASTM E1067 - Standard Practice for Acoustic Emission Examination of
Fiberglass Reinforced Plastic Resin (FRP) Tanks/Vessels

ASTM E1106 - Primary Calibration of Acoustic Emission Sensors

(Application for copies should be addressed to the ASTM, 1916 Race Street,
Philadelphia, PA 19103.)

GENERAL

"Acoustic Emission Transducer Calibration us1ng Transient Surface Waves
1

and Signal Analysis," C. Feng and R.M. Whittier, in Advances in Acoustic
Emission. eds. H.L. Dunegan and W.F, Hartman, Dunhart Publishers, 1981,
Knoxville, Tennessee, pp 350-366.




MY

TEDHN]BAL LIBQAQY

3. SENSORS

3.1 Sensor definition. An acoustic emission sensor is a detection device
that transforms the particle action produced by an elastic wave into an
electrical signal.

3.1.1 Types of sensors. Acoustic emission sensors have been designed
using various transducing devices, including acoustoelectric, piezoresistive,
eddvc rre t electromagnetic, magnetostrictive, photoacoustic; capacitive and

.1 Capacitive sensor. Because it has an excellent, flat, broadband
to normal surface displacements, the capacitive type sensor is used
e .

atory measurement sensor
Ho is

- P

that determine reference standards f A

S or
-« trvnn AE e < - £ A~ A emam V2 2 A
f this type of sensor in field applications

L
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3.1.1.2 Piezoelectric sensor. The most frequently used sensor is the
piezoelectric type. This type has been commercially available since the mid
1960's. None of the other types have experienced extensive use; nor are they
readily available in designs suitable for a broad range of applications.

~

T

Although this document only treats selection of piezoelectric sensors, most of
the sensor attributes could apply to the other types of sensors.

3.2 Attributes of a sensor. Manufacturers routinely supply information
on some sensor attributes, such as sensitivity, frequency range, operating
temperature range, size and weight. Information on other attributes is not
always provided and should be requested if sensor selection requires such
information. Sensor attributes are listed below in the order of decreasing

relevance to most applications. However, for some applications, normally
insignificant attributes may be of prime relevance. This is especially true
for certain environmental conditions. A sketch of a basic AE sensor is given

3.2.1 Sensitivity/frequency response. These characteristics form one
attribute that is generally the most fundamental attribute in selecting a
sensor. Based on frequency response, there are two general types of sensors;
resonance type and broadband type.

frequency. The sensitivity is very high at the resonant frequency, maklng
this type of sensor appropriate for most of those applications where maximum
sensitivity is of primary importance. .An AE wave excites the resonance to a
peak voltage, resulting in a ring-down whose duration depends on the peak

‘" - e TAAn vy

value. Sensors having resonant requencies in the range 100-200 kHz are most
often used. For such sensors, a high amplitude emission can prodi ring-down
durations of several milliseconds.

3.2.1.1.1 Dual-resonance type. A variant of the resonance type is the
dual-resonance type. The sensitivity at the two resonances are normally lower
than that of a single resonance type; but the usable frequency band is
extended. Sensors are not normally classified by the manufacturers as being

I riYvyuL T A d 5SS B P W W W am
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single resonance or dual resonance; but a careful look at their
frequency-response plots can reveal this. Figures 2A and 2B show examples of
frequency-response plots for these types.

3.2.1.2 Broadband type. This type of sensor, also known as a "wideband"
type, may be designed as a multiple-resonance type, resulting in good
sensitivity in several narrow reglons of the specified broad operating

little "ringing®. They have bett fidelity for frequencv analv than the
multiple-resonance type. A typlcal frequency response plot for a 'flat'
broadband sensor is shown in figure 2C.

3.2.2 Sensor's sensitivity. A sensor's sensitivity as a function of
frequency is usually determined in one of two ways: surface-wave calibration

L]

method or face-to-face ultrasonic calibration method. Although other methods
- P L PP | Llmetr mwa smabk 14 daTer smmmambki~ad
aLe sSvlieLlllies uscu, Lucy are IVL WliUTLY pLaAVLiLTU.

termination by surface-wave method. The surface-wave (Rayleigh

3.2.2.1 De
wave) method uses a transient surface wave and a digital signal analysis
technique to obtain an absolute calibration of the sensor's response to normal
displacements. This technique is traceable to methods developed by the
National Institute of Standards & Technology (formerly NBS). The method is

described in the reference by Feng and Whittier. The sensor’s sensitivity is
expressed in 4B referenced to one volt per meter per second (1 V/M/S).
Dwamemlam ~AFf bha wanmittlbdme FwmamtanAir_waocmAanan mlAakae ara ahAtm in £4 gure o]
CAQUIPLIED UL LT LTOULULLIY LITYUTIHLYTLTOPUIIOT PLULD QLT OUHUWIL Ll LAYguULT <o

3.2.2.2 Determination by face-to-face ultrasonic calibration method. The
face-to-face ultrasonic calibration method uses a white noise ultrasonic
source, applied through a broadband driving transducer to the face of the
sensor. The sensor's response is then recorded from the output of a spectrum
analyzer. This method although very reproducible and easy to perform does

not provide a calibra that can be directly related to the surface-wave

A e mam o e A nm el oemnmd b mem Py N [T Sy P T SR T Ry M A e o lmn mmcmemd balesd oo 2~
cype oL CLANISLEeILILETCU LU aAil abouvuluLtT CalivrlaulUlle 11T STUODUL © DdDTldiiliviiy 15
compared to a reference senscor's response and is then expressed in 4B
referenced to one volt per microbar (1 leba;), An example of a typical

frequency-response plot, obtained this way, is shown in fiqure 3. A variant
of this method, using a "nonresonant" metal block between the driving
transducer and the sensor, is described in ASTM E976.

3.2.2.3 Common feature to both calibration methods. A feature common to
both calibration methods is the fact that the sensor is liquid-coupled to the
other medium. This means that sensor excitation caused by normal
Asornlamamankte 168 nradAaminand Rum~itabiAan Arannead hu kranmncuvarcea Aioenlas~amanta
\JLO!JJ.G\;¢HICAI\-D - ybcuvlll&llﬁll\-. AW LA W LWV WwilAWOTW Ul h QIR YTCLOT ULDHLQVCIIICII\-Q
exists only to the extent that shear stress is supported by the viscogity of

the couplant. Therefore, the calibration does not reflect the f

re
response of the sensor to transverse displacements when bonded (glued) to the
test part.

3.2.2.4 Similarity of results. For resonance-type sensors, having
resonant frequencies less than 300 kHz, the peak sensitivities obtained by
each of the two calibration methods are similar numbers; that is, even though
ha 1ymibke ara AT fFfFavrant ha AR wvalitae ara nmnaarluv Lha ocama althAnna Ana 1o
Wil Ulild Lo [~ ¥ = MidbibThClivy wils A T VA ALUGCW L= ¥ S nmcuaL Lz wilse AT ILAY § Cl&bllv\dvll Vil P
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an negative. Typically, the surface wave method results
in peak sensitivities that are 3 to 6 4B less than the absolute value of the
peak sensitivity obtained by the face-to-face method. This results in
confusion when comparing sensitivities of sensors calibrated by different
methods. For example, a sensor having a peak sensitivity (ultrasonic method)

of 70 dB re 1lV/pbar may have a peak sensitivity (Rayleigh wave method) of 65

[ns

he other ne

positive and

dB 1 v/M/S. These correspond to 3.16x10-4 V/ubar and 1778 V/M/S,
racnrmAandk straler Ara 10 nA mdmnla 2aTlTabkiArnohin hakisann elAaca mha
LTOPTLULLVTLlY . LT 1o IV olllipiTc LTlAaLilivuosliiiy UCLWCCII LIITOT uumuc:.eo
Furthermore, when comparing the frequency-response plots obtained by the tw

methods, significant differences appear in the shape of the plots at hlqher
frequencies and for broadband sensors, in general. This is due to the fact
that the sensor's response is directly related to the instantaneous average of
the particle displacements over the surface of the sensor. For waves
travelling perpendicular to the sensor surface this averaging effect does not
change with frequency. However, for waves travelling parallel to the sensor
face (Rayleigh waves) the averaging effect produces decreasing sensitivity as
the acoustic wavelength gets smaller than the diameter of the sensor. This
means, as the frequency increases, the sensor's response to the surface wave
method will probably produce a frequency-response plot that is shaped
differently than that produced by the face-to-face ultrasonic calibration
method. It is therefore advisable to compare broadband frequency responses

only for equivalent calibration methods.

2. 2 2. 8 m
i

ne +
g v s eI -

re range. ine oper tin ng cemperactu
piezoelectric sensor is determined primarily by the thermal properties of the
piezoelectric element, and those of the wearplate and the substance used to
bond the sensor to the wearplate. It is not necessary to know the details of
the design because the manufacturer specifies the operating temperature
range. Sensors are available that operate at near cryogenic temperatures as

well as up to temperatures of 550°C.

a o o1 fo =) a
a e range o a
.

1 o

1.2 .72 & Waarmlaka MTha waarnlaba alen knAawun ac "~Aanta~t ahAaa®
o e eV nwcadlL :J.al-c. A1l WTalLpiaLTy QAOWV NlIVWILLI QO wvilLALv . olivco r
"coupling shoe", "protective shoe" and "face material®™, is typically

fabricated of ceramic or epoxy. Other materials occasionally used are
anodized aluminum, stainless steel, high nickel-chromium alloys and brass. A
ceramic wearplate has an acoustic impedance very similar to that of the most
common piezoelectric material, lead-zirconate-titanate (P2T). It is a better
impedance match to metals than epoxy. Sensors having epoxy wearplates can be
used with better sensitivity on non-metallic surfaces, such as fiberglass

Fo -0 Althnaunah +the cancenr's Frnnnnnﬂu_rne anco
oD *bllvu!ll Wil S A P 1= -~ LLC\!H llvl ‘:Dyvll -

f

=

ate affixed, only

™
1 4
ate affixed 0 n the surface wave me
late necessarily coupled to a metal surf

3.2.2.7 Differential design. This special design reduces the sensor's
susceptibility to RFI/EMI, especially to radiated or induced electrical

spikes. A differential sensor must be used with a differential preamplifier.
b mlhaicTA la Al o~ lrabk mAama A ECAawambd Al mmmmmsn merle d bna b AL rmmbed manT by
4L SlHLUULIU VT JVlcUu Lilal DVlIC JlileolClitial SPIISVUILS CAllLLDIL UlLlellloliialilLly

variations as great as + 4 dB.

3.2.2.8 Size and shape. The common shape of a sensor is a right-circular
cylinder whose diameter is comparable to the width of the piezoelectric
element and whose height is generally similar to its diameter. Sensor
diameters range from a few millimeters to over 50 millimeters. (The very low
frequency sensors used in geologic applications may be much.larger.) A

a1 m2a khao a Al -;mat-a ~f 2N mA A lad~lbk £ 12
pupuiLalL V14T l[lao Q uialicuiclL v LV uuu auu a leliyiiv vl 10 l“"l‘




1_E[3F1hﬂ[3fdn LlBFQAJQY

\ER

3.2.2.9 Weight. Sensor weights range from less than a gram to over 500
grams, with 15 gm being very common.

3.2.2.10 Housing material. The housing material, also known as the "case
material®, is most often stainless steel or aluminum. Other materials that
are used include carbon steel, brass, and high nickel-chromium alloys.

3.2.2.11 Connector. The connector is top or side mounted. Common
connector types are BNC and microdot; but other types are used on special
sensors. Some sensors have integral cables, usually less than 2 m in length,
usually terminated with BNC connectors.

) Y 1 S

s

22 9 12 R Ty Faakiirao Aot aa ~w o ~er it e d e e mde oo
Qebeboeld GLUUNIULIIY LTalulLtoe. flUS L OTIISULS llave [1UUDS1LIlyS lat d4dLe
grounded and electrically isclated from the test part by a ron~conducti.g
wearplate. If the wearplate is metallic and the test part an electrical

conductor, ground loops can be created unless an intermediate non-conductor is
used between the sensor and test part. Note that it would also be important
to use a non-conductor between the sensor and any metallic mounting fixture,
as well.

3.2.2.13 Directionality. Most sensors have omnidirectional sensitivity
in the plane of contact with variations not exceeding + 2 dB. Exceptions to
this are some differential sensors and sensors having designed directional
features.

3.2.2.14 Seal type. Housings are usually epoxy sealed or hermetically
sealed. The latter is preferred for hostile environments.

3.2.2.15 Shock resistance. Sensors having integral preamplifiers and
some special broadband sensors usually are rated to withstand shocks up to 500
peak g in any direction. Most other sensors typically have shock limits of
10,000 gq.

3.2.2.16 Radiation resistance. Sensors can be designed to withstand,
without degradation, both neutron and gamma radiation. The maximum integrated
dose is specified by manufacturers for some sensors. Sensors containing
integral preamplifiers are least suited for use in radiation environments.

3.2.2.17 Curie temperature. This is the temperature beyond whi
piezoelectric material loses its transducing properties. The specif
operating temperature range for a sensor is always less than the Curie
temperature. However, it must be realized that exceeding this temperature
will cause permanent damage to most AE sensors.

~
)]

.2.2.18 apacitance. It is often helpful to know the sensor capacitance
when deciding on cable lengths between the sensor and preamplifier. The
signal loss due to the cable capacitance is given by:

Signal loss = C¢/Cs + Cc,

where Cc is cable capacitance and Cs is the sensor capacitance. A meter
length of coax1a1 cable has a capac1tance of approxlmately 100 pF. Therefore,
uld experience signal
yp

3 e T o~
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]
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not always specified by the manufacturer of sensors. The most common material
is lead-zirconate-titanate (PZT) and its variants. Other materials used are
barium titanate, lithium niobate and lead metaniobate. Knowledge of the

piezoelectric material can be used to infer the acoustic impedance and the
Curie temperature.

< Alan~
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3.3 lnceg;al-prea piifier sensors. Sensors with preampiifiers built into
Al ond o miom e om v wmammos s o 2 el mman s dedeed by A o0 "N P B R e - P Y ~Af LA A e~
cine.lr llUubLllgS PLUVJ.U {1AYll STUDILLILIVILY aQllu LT TCliliiliilaLivn viL LT oScliosvl (o)
preamp connection. When considering selection of such a sensor; additional
attributes are investigated. These relate to typical specifications of the
preamplifier and include gain, dynamic range and noise.
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4, APPLICATION/SENSOR RELATIONSHIP

1 General. ons are )
placed into classes. If done w’th detail sufflclent to enable prescription of
appropriate sensor specifications for each class, the resulting number of
classes would be great and overlapping. Therefore, in order to provide
guidelines for sensor selection, it is more efficient to describe general
*Application Characteristics™ and to discuss how these relate to certain
sensor attributes. Some sensor attributes are easily selected, while others
ce. The most fundamental choice, and often the

ce of enne1b1v1rv/Frnnnnnhv response, Thig is the
ns

vV awy moese ¥ -t -

__________ 0 or and many application characteristics may
influence its choice. Often, some measurements must be performed in order to
make a confident choice. 1In discussing the application characteristics,
emphasis is placed on selection of sensitivity/frequency response. As
discussed in 3.2.1, the two types of calibration methods produce different

frequency response plots, especially at high frequencies. In discussing
application characteristics, consideration will be given to whether a
particular calibration method is more appropriate in selecting a sensor based

on its sensitivity/frequency response.

4.2 Frequency range. Although AE phenomenon are known to occur over the
frequency range 100 Hz to 10 MHz, the most frequently used bandwidth is 100 to

400 kHz. It is highly probable that well over -half of all AE measurements to
ne

vy

z

date were made using a resonant sensor having a resonance near 150 kHz. O
of the reasons for this is the desire to keep the rescnance frequency high
enough to be insensitive to most mechanical background noise, but low enough

so that detection of AE at a distance from the source is not significantly
reduced by attenuation. AE detection is influenced by attenuation whenever
the sensor is not in the immediate proximity of the AE source, that is, it is
*remote” from the source. The term "remote detection®" will be used below to
signify that the sensor is not to be placed immediately next to or on top of
the source of AE to be detected.

The anp11ﬂaf1nn characteristics

‘I
e not mutuallv exclu31ve and sometlmes one characteristic

ki Annlicat
3 Applicat
sed here ar
another characteristic. Nevertheless, some basic guidelines can be succinctly

stated and, following discussion here, are summarized in 5.

4.3.1 Material. Solids and fluids produce and transmit AE. Hard
metallic solids have higher amplitude emissions and less attenuation than soft
metallics and non-metallics. High frequency (150-800 kHz) sensors may be used

for remote detection in hard metallics. Remote detection in most
non-metallics (concrete, rubber, plastics, ceramics, rock, wood, etc.) often
requires lower frequency (25 kHz - 150 kHz) sensors.

Material characteristics of solids associated with higher amplitude
emissions are:

High Strength
Anisotropy

Non Homogeneity
Flawed Material
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Cast Metal or Alloy
Tarap Grain Size

Fiber Reinforced

When several of these characteristic¢s apply to an application high
sensitivity does not need to be a priority in selecting a sensor type. (See
also 4.3.4)

ada ~h
us , sSucn as

4 2. 1.1 Cn pee
Polymethylmethacrylate, present an 1nterest1ng guide11ne with respect to
sensor diameter. Recall that in 3.2.1 it was pointed out that the averaging
of the particle displacements over the sensor produces decreasing sensitivity
as the acoustic wavelength gets smaller than the diameter of the sensor.
Because the sensor calibration is performed on steel, comparable response will

be obtained for low wave-speed solids according to frequency scaled by the

o awrd 1
S fdaving i0w

ratio Ci/Cs, where Cl is the low shear wave speed and Cs is the shear wave
speed of steel, Por the case of polymethylmethacrylate, the response at 258
kHz would shift to 100 kHz. If higher frequency response is required, either
smaller diameter sensors should be used or a small-diameter wave guide may be

used with larger sensors. (See 4.3.8)

4.3.1.2 Fluids. AE in fluids includes cavitation, degassing and turbulence
in liquids and turbulence in gases. Selection of a sensor for detecting AE in

water or other liquids requires a non-corrosive, hermetically sealed housing
hatrimAa a rwabarkesAahbt AAannambkAay Ay Snba~nval Aall A Damatima Am 1?2 smeammissa romer o
v iiiy “a WALTL WAl wWVIHIlIT VLWL Vi LIILCHLGL CQAQALLT e DTwvauoco UIJ.J LTCODOULST waveo
propagate in water, it is preferred to compare sensors calibrated by the face-
to-face ultrasonic method.

4.3.1.3 Air. The detection of leak noise through air is best accomplished
using a low frequency (less than 50 kHz) sensor, preferably one designed for
airborne detection, i.e., one whose wearplate is specially thinned.

4.3.2 Size and design of structure or part. Solid test objects range from
tiny electronic chips to huge tanks and vessels. The size and design features
of the test structure or part have influence on sensor selection. In the

testing of a very small part, the part is attached to the sensor. 1In this
case it is best to choose face-to-face calibrated sensors. On the other hand,
large structures usually require remote detection and this means surface wave
detection and so the corresponding type of calibration is preferred.

4.3.2.1 Surface having high curvature. In choosing a sensor that is to be
mounted on a surface having high onrvatl e, prefererice should be given to
smaller diameter sensors, because the mounting forces could damage a large

diameter sensor which is in contact only along a line.

4.3.2.2 Thick and thin - walled structures. Emissions from thick-walled

structures have higher amplitudes and higher ftequency content than emissions
from thin-walled structures. Because thin-walled structures support flexural
wavee. lowar fraanancuy cancnare chnanld ha nea’d
uuuuu 7 - e . LRSS ATt § BT IIO VAN QDIVULUW WS UOoTUe

4.3.2.3 Attenuation factors. The greater the attenuation produced by
structural features, the less high frequency acoustic energy can be remotely
detected. Structural design features contributing to attenuation are:

\0
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itions in wall thickness
tenances (legs, braces, manholes, pipes)

surface coatings (paint, oxides)
insulation

In order to know the extent of attenuation, so as to better select a
sensor, it is often necessary to perform some attenuation measurements. It is

' Lok Ll o ek h oaamie Py .

best to do this using a broadband sensor, so that the attenuation as a

R A oy

function of freguency can be jauge

Cb

4.3.3 Backaround noise. Sources of background noise are: mechanical
noise, such as friction of moving parts, pump noise and vibration, all
typically less than 100 kHz; flow noise, such as cavitation and turbulence,

typically 100-400 kHz; and EMI, typically greater than 1 MHz.

4.3.3.1 Measurement. Background noise, which cannot be eliminated from
the test object, must be accommodated. This means that the sensor's frequency
range should be chosen to minimize the detection of background noise.

Selecting the sensor without knowledge of the background noise is not

recommended. Therefore, it is often necessary to measure background noise

before specifying the sensor for the application. This should be done using a

flat broadband sensor that has been calibrated by the appropriate method. If

the background noise cannot be determined or confidently estimated before

beginning a test or monitoring period, and sensor selection must be finalized
I

without this information, a broadband sensor should be selected. (Filtering
technigues may then be used to reduce the effects of the background noise.)

When airborne EMI/RFI is severe, a sensor of differential design or a sensor
with integral preamplifier will be less sensitive to the EMI/RFI.

4,3.4 AE source type. Often a choice must be made between maximum
sensitivity and optimizing frequency range or other sensor attributes. When
the anticipated AE source is a strong emitter, maximum sensitivity may be

(- | P N B

sacrificed. Some examples O
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Strong Sources - Weak Sources

Cleavage Fracture Ductile Tearing

Oxide Fracture Plastic Deformation
Intergranular Cracking Twin Deformation

Fiber Breaking Matrix Crazing

High Pressure Gas Breaks Low Pressure Liquid Leaks

4.3.5 Environmental factors. For very high temperature applications, a
stand-off device (waveguide) may be used with sensors having lower temperature
range. (See 4.3.8) The effective sensitivity of a mid-temperature sensor on
a waveqguide is often greater than mounting a high-temperature sensor directly
on the hot surface. This is espec ially true if couplant cannot be used on the
high temperature surface. In g the
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ibrati When the test ob1ect is vibrating or experiencing

shock, 1t is adv1s ble to select sensors that have integral cables and do not
have integral preamplifiers.
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4.3.5.3 Chemically contaminated surfaces. For chemically contaminated
surfaces, select sensors having appropriate housing material, seal and
wearplate.

4 3.8 A w
A
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4.3.6 Fidelity requirements. If the application calls for waveform
analysis, such as fast Fourier transformation, it is best to use a broadband,
preferably flat-response, sensor. Resonant type sensors do not provide

reliable information on the frequency content of the AE wave. However, a dual
resonance sensor can give good information on the relative partitioning of the
acoustic energy into two narrow bandwidths, if appropriate filters are used.

4.3.7 Special measurement requirements. Some special measurement
requirements relating to sensor characteristics are:

4.3.7.1 High event rate. High event rate is better detected using a
damped (broa ‘ba d) sensor, because the ring-down time is minimized, thus

making cilosely-occurting events discernible.

4.3.7.2 Amplitude distribution analysis. Amplitude Distribution
Analysis 1is best performed with high dynamic range. The dynamic range
depends on the voltage measured due to the background noise level and this
increases with increasing sensitivity of the sensor. Therefore if amplitude
distribution is a high priority, high sensitivity sensors may not be
appropriate, depending on background noise.

.
by using s

4.3.7.4 Known defect. AE from a known defect can be monitored with good

noise discrimination by using a high frequency (greater than 500 kHz) resonant
sensor mounted immediately adjacent to the known defect.

4.3.8 Use of waveguide. Waveguides are commonly used to couple a sensor
to a test part which is in a hostile environment or simply unaccommodating of
the sensor's size. Waveguides may be used to apply large diameter sensors to

small contact areas. When a sensor is attached to a wavegquide, the overall
sensitivity of the sensor to the AE in the test medium is dependent upon the
design of the waveguide, the technique of its attachment to the test medium
and the technique of mounting the sensor to the waveguide. Guidelines for
sensor selection in these cases are limited to knowledge of successful
technigques. As an example, the sensor/waveguide assembly shown in figure 4 is
often used for AE monitoring of pressure vessels at elevated temperatures. It
congigsts of an aluminum or steel rod (5 mm diameter) hav1na one end terminated

in a cone. The sensor is a resonance type (140 kHz), having an epoxy
wearplate, and is bonded to the cone using epoxy cement. The other end of the
waveguide is held in contact with the test object using the magnet/spring
assembly. The length of the waveguide is about 40 cm. Because the thin
waveguide channels rod waves to normal incidence on the sensor, sensors

11

S S P Sy



TECHNICAL LIBRAR

TAERDS P/

Y

C

calibrated by the face-to-face method are appropriate for consideration. If a
waveguide is to be used in a new application, it is suggested that preliminary
feasibility measurements be made using one or more sensor-waveguide designs.

12



(=

[
(=

|~
[

[
wn

TE[:HNH:AL LIBQAQY

UTTALRAR TRNIP _ N2 TY AR YT NTTI TP TATIY
Do SOUMMAKI: OUML DADILIV UUILULLLINLO
Use frequency response plots from surface wave calibration for
selecting sensors for surface wave applications.

Use frequency response plots from face-to-face ultrasonic calibration
for selecting sensors for:

- R U S 2 £9%..2 3 .
eee QeELECTLION 1Nl L1U1lAS,

Aarartrina AR fram emall narte akt+tarmhad A cancnyr
ees Qetecting AE from small parts attached to sensor,
.++ Sensor to be mounted on waveguide.

When selecting a resonant type sensor, choose a resonance frequency
that minimizes sensitivity to background noise while retaining
sensitivity to source strength, compatible with attenuation.

Lower frequency sensors should be used for remote detection when

attenuation is high.

High frequency sensors (150-800 kHz) may be used for remote detection
in hard metallic solids.

Low frequency sensors z) should be used for remote detection
B i + n o

nf A
A [x%

,

High peak sensitivity sensors are not necessary for detecting strong
emission sources.

Low frequency sensors should be used for thin-walled structures.

frequency sSensors may

v

igh

ry

Use low frequency (less than 50 kHz) sensors for detection of airborne

Use smaller diameter sensors for:

mount

[¥8

m ng on surfaces of high curvature,
... increased sensitivity to surface waves at higher frequencies,
.+« broadband detection of surface waves in materials having low shear

wave speeds.

Choose a sensor having high capacitance when long cable lengths are
required between sensor and preamplifier.

Chonca csancor cnnnactor tuna and lacation that are comnatihle wit
LONO0SS SensSer ConnecCtor ITYPEe and .eCatilion That are eompatldlie With
method of mounting sensor.
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FIGURE 1. Typical construction of a resonance type AE sensor.
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FIGURE 2. Typical surface-wave calibration plots for

(A) single~-resonance sensor
(B) dual-resonance sensor
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