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Acoustic Emission Sensor Evaluation

This interim report presents the results for Task 1 entitled AE Sensor Evaluation for
Subcontract ASRI-SC95-4018.  In the first part, general factors for considering a
particular brand or particular type of AE sensors are listed. The second part of the report
summarizes AE sensors from several companies. It should be noted that at the time of
writing this report, companies including Acoustic Technology Group (formerly Acoustic
Emission Technology Corporation) are still sending their product information to us. That
information will be sorted and included in a later report.

The following table lists the items which should be considered when an AE sensor
is selected.

Item Consideration

Matenals Almost all AE sensors use piezoelectric elements such as barium
titanate, lead zircoate titanate, and modified lead metaniobate.

Frequency Range A frequency response with a 3dB variation in amplitude over the
frequency range from 50 kHz to 1 MHz is possible in acoustic
emission transducers.  National Bureau of Standards have
developed the design of such a sensor. Companies now can make
AE sensors with even wider frequency ranges.

Displacement An 1deal AE sensor should have a large signal output to allow

Sensitivity signal processing after the transducer. Velocity sensitivity should
be minimized as much as possible since it complicates signal
analysis.

Contact Areas The contact area of an AE transducer with the tested system should

be as small as possible to avoid phase interference artifacts.
Ideally, a point contacting is desired.

Temperature The Curie temperature which is defined as the temperature at
which the ceramic element no longer has piezoelectricity should be
considered when ordering an AE sensor. Large temperature
fluctuations in environment will change the direction of
polarization. Therefore, single crystal piezoelectric materials are
recommended for large temperature changes. A waveguide should
also be considered to buffer the sensor from large temperature
changes. The piezoelectric elements usually are effective at
extremely low temperature. However, the accompanied electronic
components cannot function properly at low temperatures. A
waveguide is recommended for this case. Also, since most
piezoelectric materials exhibit a change in the sensitivity with
temperature, internal electronics may be included to compensate
the changes in sensor temperature.




Characteristic Two principal characteristic dimensions need to be considered are
Dimension the piezoelectric element thickness and the element diameter. The
element thickness controls the frequency at which the AE sensors
has the highest electrical output for a given input surface velocity.

When the thickness is equal to (2n + 1)A /2 where n=0,1.23,---

and 2 is the wavelength of the wave in the element, the sensor has
maximum output response. For waves traveling perpendicular to
the surface, the diameter of the sensor element has no influence.
For waves propagating along the surface, the element diameter
influences the sensor sensitivity. Therefore, the sensor element
diameter should be as small as possible since if the sensor element
diameter is larger than the wavelength of the highest frequency, the
aperture effect will occur.

Installation Couplants are usually needed to increase the gain. Adhesive
bonds between the sensor and the tested surface serve to
mechanically fix the sensor and provide coupling.

Preamplifier Most preamplifiers provide 40dB gain to the electrical voltage from
the piezoelectric crystal and are enclosed inside the case to avoid
noise due to electromagnetic interference. The preamplifier
provides impedance matching or conditioning functions. For a
cryogenic environment the preamplifier may be placed away from
the transducer since it is costly to design electronic circuit for a low
temperature environment. The preamplifier should also placed as
possibly close to the transducer and shield cable should be
employed. A high pass filer should be included to filter out twice
high frequency from the interested high frequency limit.

Shock An 1deal AE sensor should include protection circuits that preclude
electronic damage due to use beyond specified range or accidental
dropping.

Type Resonant type AE sensors are most common and it provides a high

(Resonant or output signal; however, for applications involved quantitative

Broadband) analysis of the signal, the distortion in a resonant-type AE sensor

make such analysis is almost impossible. Broadband AE sensors
allow more accurate analysis of the data obtained and permit choice
of bandwidth to fit the situation. However, broadband sensors are
more expensive and have smaller displacement sensitivity,

Books, papers, articles, and NTIAC Products and Services Database have been
searched to obtain 30 companies in the area of AE sensors production. However, quite a
few companies usually making AE sensors do not manufacture AE sensors anymore.
Some of them completely drop out from this field and some of them only make custom
order products now. After our contacts with the 30 companies, we have selected
companies listed as follows. It should be noted that this selection process is difficult due to
many name changes of companies. A few companies are in the business of applying AE
sensors and make AE sensors for their own use only. For a particular application, AE
sensors may be constructed to achieve a better performance.

We recommend that the table of the AE sensors and the attached catalogues of
currently avilable commercial AE sensors should be used to select an AE sensor to match
our needs. However, we should not restrict the sensor selection to only the off-the-shelf
products. It is not uncommon that we can specify our requirements and purchase the
sensor through a custom order. The disadvantages are that the delivery time may be longer



and the cost may be more expensive. However, if we plan it ahead, both problems are not
insurmountable. The custom-order parts should be restricted to the AE transducers and/or
preamplifiers. Other signal amplifiers and processors should be purchased directly from
the catalogues.

Companies have off-the-shelf AE sensors available:

1. Physical Acoustics Corporation
P.O. Box 3135
Princeton, NJ 08543-3135
Phone: 609-844-0800
Fax: 609-895-9726

2. Industrial Quality, Inc.
640 E. Diamond Avenue, Suite C
Gatthersburg, MD 20877
Phone: 301-948-2460
Fax: 301-948-9037

3. Digital Wave Corporation
14 Invemess Drive East B-120
Englewood, CO 80112
Phone: 303-790-7559
Fax: 303-790-7567

4. NDT International, Inc.
711 Creek Road
West Chester, PA 19382
Phone: 610-793-1700
Fax: 610-793-1702

5. Tektrend International, Inc.
2113 St Regie Boulevard, Dolard
Montreal, QC Canada H9B 2M9
Phone: 514-421-1417
Fax: 514-421-187

6. Acoustic Technology Group
Phone: 906-483-1311
(waiting for catalogues to arrive)

Companies manufacture AE sensors via custom order only:

1. Accu-Tron, Inc.
75 Spring Street
Millis, MA 02054-1527
Phone: 508-376-4671
Fax: 508-376-4869

2. Stavely NDT Technologies, Inc.
401 Merritt, Bldg. 7
Norwalk, CT 06851-1000
Phone: 203-791-8518




The following summarizes the AE sensors from the catalogues attached.

Item

Description

Models

PAC: Many models are available. This company is probably the
biggest one that sells off-the-shelf AE sensors. Their wide
band sensors: WD, UT-1000, $9208, D9202B, D9203B may
be of interested.

Industrial Quality: This company makes good AE sensors with
flat frequency response, for example 501.

Digital Wave: Very wide band AE sensors are available. Models
B1025 and B1000 are recommended.

NDT International: A high performance AE sensor, SE-150M,

can reach operating temperature from -458°F to +300°F .
Tektrend: A complete acoustic emission nondestructive evaluation
system, ANDES, is available. This provides a quick turn-
around time but less flexibility.
Acoustic Technology: The company have been making AC-series
AE sensors. The catalogue is not available at this time.

Frequency Range

PAC: 15kHz to 1 MHz

Industrial Quality: 50 kHz to 1 MHz
Digital Wave: 20 kHz to 1.5 MHz

NDT International: 100 kHz to 450 kHz
Tektrend: 20 kHz to 500 kHz

Displacement
Sensitivity

PAC: Peak sensitivity from 43 to 120
Industrial Quality: 2x108 V/m, nominal
Digital Wave: not specified

NDT International: -80 dB

Tektrend: not specified

Contact Areas

PAC: not specified

Industrial Quality: 1.0mm
Digital Wave: not specified
NDT International: not specified
Tektrend: not specified

Temperature

PAC: from -200°C to +540°C
Industrial Quality: not specified
Digital Wave: not specified

NDT International: -458°F to +300°F
Tektrend: not specified

Shock

PAC: not specified

Industrial Quality: not specified
Digital Wave: not specified
NDT International: 2000g
Tektrend: not specified
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Notes:
(D Dimeusioas in mm are
rounded approximations.

(2) Pesk g in any direc-
Lior,

(3) Sensors arc svailable
w order with cornnector
loci.tion on top.

(4) Sensor$9208 is a dis-
placement transducer, and
peak seasitivity is exjpeaded
in volts/um.

(5) Unidirectional scrsor,
90° off axis.

(6) RISITC integril elec-
tronics sensor supplied with
10p conmector bzy the
dimcnsions of 1.124 dia x
1515 bt

(7' Along with RI15IU,
PAIC manufacwres other
undzrwater sensors such as
thee R6IU, R30IU, ESOIU,
ani the WDIU, which dis-
play similar frequency
rerTonses as their equival-
ent integral series.

(8) Sensors supplied with
integral cable. Weijsht of
sensor is not available,

(9) Alsoavailable in differ-
catial configuration.

G :unding

A) Case ground. Use an
alunina disk to isoluis: [rom
myunting surface.

B) Case grounded and

isc.1led from mounting
swi:ce
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AE Sensors: Their Selectiun & Calibration
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Add advanced Acoustic Emission testing to your lab...
the AEDSP-32/16 P.C. based A.E. card!
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Materials Applications

o Proof Testing
o Fatigue cycle monitoring
o Fiber Push Owt

o Detect Matrix Crucking
o Fiber Shearing

o Micro Cracking

o Delamination

The load cell stress /
Strain outputs interfuce

to the AEDSP allowing
simultaneous load and AL
Stress wave analyss.

Lunch Box P.C. packs
DSP-32/1 6 a full (6) channels of

fur Digital A.E. in a
igita
MISTRAS-2001 compact 20 Ib case!

2 ¢h complete AL syxtem ready far PC

Acoustic Emission (AE) testing has been recognized as the most

PHYSICAL successful NDT method for evaluating the integrity of advanced
ACOUSTICS composite materials. When placed under stress, brirtle resins and fibers
CORPORATION Wil emit stress waves readily; signaling the onset of microscopic damage.

With the introduction of the AEDSF16/32, advanced AE testing is now
accessible to gll University and R/D lubs! Simply plug the AEDSP into
your PC and go! With the AEDSP system and software, it’s that eusy!
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/B y AcousTICS

CORPORATION

P.O. BOX 3135
PRINCETON, NJ 08543

QUOTATION

IONE: (609) 844-0800; FAX #(B09) 895-9726

WE OFFER THIS QUOTATION IN RESPONSE TO YOUR INQUIRY DATED:

PAGE 1 OP 1

NUMBER DaATE ]
PLEASE REFER TO THIS
NUMBER WHEN PLACING
ORDERS BASED ON THIS
QUOTATION

> B s
30 H
> 2
ri T
by . 0
UNLESS OTHERWISE SPECIFIED IN WRITING, TERMS AND CONDITIONS PRINTED REVERSE
GOVERN THIS QUOTATION. .
MEM# | ary. | PACMOOEL DESCRIPTION e i
REDSP=32716 DIGITAL PC=CXRDS
1 1 | AEDSP-32/16 | Two Channel Digital AE Card complete $ 9,995.00
with 512KB RAM (expandable), C=40 DsSP ‘
Two analog and one digital parametriecs
and hardware for parallal capture of
transient and classical aF feature
extraction data, I/0 ports
PC interface, 28V sensor s BNC,
auto sensor calibration, software
selectable filters.
1 MANUAL AEDSP Users Manual N/C
MISTRAS Data Collection, Storage, PC-Display, and
2001 Replay Software License including Linear
SOFTWARE Location and FET Analysis,
2 2 R15/C 150KHz Resonance Sensor and 1M Cable $ 191,00 |3 380.00
3 2 1220a-aST | 40/604B Preamp with Auto Sensor Test $§ 375.00 |8 750,00
Circult (Specify Filter)
4 2 1234-4 4 Meter Signal Cahle (BNC/BRC) S 45.00 | S 90,00
SUBTOTAL | $11,215.00
END OF 1995 SPECTAL APCEASE (1,225.00]
TOTAL | $ 9,990,00
TERMS: FOB: DELIVERY: VALID FOR: |SHIP Via:
WRENCEV! O s0 bavs !
NET 30 g - ../"nl EAED {
O DESTINATION 60 mys L O % e TTMER
X 12/31/85 Y B L*’f' 2y / ‘
- oAy, ﬁ
DUr LOCAL PAC REPRESENTATIVE IS: L PHYSI MW g
BY - s AN, T

(sJv=01/95)

800

CUSTOMER

ISN0DV TVOISIHd

mmEe Acct/Specialigt Exsc.

92.8 <6% 6098 82:91
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AGE @2
4dl &Gl L JI3J L i.8D SULJI_’03I0a /7 AND GIUALITY- | PAG

INDUSTRIAL | Spé&iall&ts i% Nondestructive Testing
QUALITY | |
INnc. 640 E. DIAMOND AVENUE, SUITE C GAITHERSBURG, MD 20877

~ Telophone 301-948-2460 FAX 301-38307 _

MOoDEL 501 DYNAMIC StRFACE foﬁpucsmem TRANSDUCER
FOR HiaH FiDELTY AcousTic Emission (AE) anD

ULTRASONIC SiaNat DETECTION
(with matching preamplifier {undty gain] #ad shield)

Mpdel 501 Transducer being placed in
shisld/amplifier houing.mi eap view
afﬂn conical rransducer elemen: and

backing is at the right.

The Model 501 Transducer is a new, high sensi.. iige of SOkHz 10 1 MHz. The fre?ucncy response
tivty, flat response transducer that provides faithful igins to- ach that of a capacitive transducer
measurcment of minute normal surface displace- (uvdum: response curves). The new Model
ments. The sensitivity is comparable to that of & 301 Transducer provides much higher sensitivity
normally used piezoelectric transducder. However, = than a capacitive transducer and is more versatile in
the Model 501 Transducer offers the exceptional terms of object surface condition requiremerts for
feature of very flat frequency response over the transducer t and operation.
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Voltage/time response: of NIST (NBS), capacitive, Voltigetimne » for the conical, plezoelectric rans-
mnduasrdUansduegrofma force event (breaking a ducer confl, n used in the IQI 501 Transducer for a
glass capillary on a large: steel lock). dmlum event.
APPLICATIONS: - AE monitoring of structrat gemng oty
- Comparison califestion (a3 écond by-standaid) for AE or
mﬂmm Lt " g
- Calibration of complets AE messurethent syspam
- High fidelity ultragsonic detotion fn sotids -~

RESPONSE: - Amplitde responie fa within 23 850 ki o 1 Mtz
- Displacement sezltivity, 2x 108 VAw, nominag
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SPECIFICATIONS: :
Transducer Head' Shield, Cover, Preamplifier
Dimensions Cylindrical = . Cylindrical
1.75 in. (44 cm) diameser [ 6.0 in. (15.2 cm) diameter
L125in 32cm)high  [2.875 in. (7.3 cm) high
Contact Size 0.040in. 10mm) . |[.--.
Weight 100z (283g) - 25 oz. (708 g)
Construction Brass, piszoceramic, plastic | Aluminum, electronic cireait
Electrical 9 volt baniery, type NEDA 1604A
Output Impedance SOohms BNCconnector
Maximum Output Valtage %2 volts peak-to-peak

The Model 501 Transducer is furnished with a ghield effect and its attendant nulls and loss of high 'fre-
and a matched preamplifier. The preamplifier has a quencies. The wear plate and other resonant struc-
unity gain (apgmximately) and provides a low muﬂl: tures have been eliminated. The conical shape of the
impedance (50 ohms) that permits the use of cab ramic clement intimately coupled to an
up t0 50 ft. (~15 m) long, as needed. Performance is impedance-matched backing of extended pbysical
limited by the cable only to the extent of the intrinsi size effectively eliminates resonances of the element

attenuation of the cable. The use of ba wer iwelf. The large size and lossy character of the
and the shicld minimize the possibilities o tri- ~ backing minimize coherent reflections back into the
cally induced interference. elsment. Extengions of the backing in the radial

- dizection ag well as in the axial direction resulf in an

New concepts of transducer design have produiceda improved mechanical impedance match betwesn the

devicethatisfreeofanysigﬁﬁsanttesommindw eloment and the backing. The combined effect of all

working range. The contact area is small (0.040 in . these design features is a transducer that faithfully

or 1.0 mm). This gives freedom from the aperture l?roduca displacement waveforms on the surface
of‘a structure,
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To place orders or to obtaid'funh’ér information contact:

INDUSTRIAL ‘QuUALITY, INC.

640 E. Dismond:Avesue, Suite C

Gaithersburg, Marylnd 20877
Phone: 301-948:2460
Fax: 301-948-9037






