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Designing a magnetoacoustic emission measurement configuration for
measurement of creep damage in power plant boiler tubes

B. Augustyniak, M. Chmielewski, and L. Piotrowski
Technical University of Gdansk, PL-80-952 Gdansk, Poland

M. J. Sablik?®
Southwest Research Institute, P.O. Drawer 28510, San Antonio, Texas 78228-0510

We discuss design features that are needed for magnetoacoustic erfli$&iBh measurement of

creep damage in the outer walls of boiler tubes. MAE is used because it decreases monotonically
with increasing creep damage. Features of magnet design for boiler tube inspection are presented.
Relationship of total MAE to Barkhausen noise path integrals is discussed. Also, dependence of
MAE on frequency and tube wall thickness is delineated. Finally, measurements are discussed
which show how azimuthal asymmetry in creep damage is echoed in azimuthal asymmetry in MAE.
All tests were performed on 2Cr—1Mo Polish steel tube specimen20@ American Institute of
Physics. [DOI: 10.1063/1.1450851

I. INTRODUCTION of MAE intensity. Monotonic decrease of MAE intensity was
detected along a seam weld in a power plant pipe section that

In a power plant boiler tube, creep damage occurs at firsivas creep damaged on one éritlecrease of MAE intensity

on the outside of the tube wall, where hot gases contact thge~50%) with increasing creep damage was also confirmed

steel tube. In the United States, the amount of creep damagecently in 2Cr—1Mo Polish steel while mechanical param-

is estimated by an ultrasonic measurement of the thickness efers such as hardness, yield strength and tensile strength

the oxide layer on the inside, not outside, of the tube walldecreased at a considerably reduced percentagé Tate.

Such oxide layer thickness is not necessarily strongly corremechanical measurements are destructive, so MAE, being

lated with the creep damage and can be an unreliable indhondestructive, is a more preferred way to measure creep

cator of the creep damage, especially since the creep damagamage.

is on the outside of the tube wall. This article reports on the design of such MAE instru-
Because creep damage results in changes of magnetigentation for boiler tube inspection and presents results of

properties, a magnetic approach using magnetoacoustidaboratory measurements used to test the basic performance

emission(MAE) is currently under investigatiéras a new  of this instrumentation.

alternative nondestructive evaluaticiNDE) approach to

measuring the creep damage. The Barkhausen ribiB&l)

effect cannot readily be used because it allows inspection dt- MEASURING SET

only a near surface layer, owing to eddy currents. MAE 1o \AE measurement had to be capable of detecting
makes |n_spect|on pos§|ble much deeper into the material. . only the creep damage in relatively small-diameter
MAE is the acoustic analogue of HBN. The MAE pulses ., ver plant boiler tubes, but also the asymmetry in the creep
consist of acoustic wave pulses which are generated via Magamage around the tube. The MAE set contains the magne-
netoelastic coupling during magnetic domain wall jumps andtizing electromagnet, the MAE signal transducer and the
also during creation and annihilation of magnetic domainsy,ag voltage analyzer. The magnetizi@jcore magnet pole
The pulses are detected with a piezoelectric fransducer &fgross section 20 mm20 mm is subdivided into steel slats
tached to the specimen. Acoustic waves do not readily atii, rectangular cross section, which slide easily along each
tenuate, and MAE pulses originating entirely within the oiher thys greatly reducing the air gap spacing between pole
depth of penetration of the primary magnetic fitlare 006 and curved tube surface. In addition, the magnet arms
detect_ed tiy the transducer. It was first suggested by magnetiGivel so that the pole piece approaches the pipe radially
modeling"* that ,MAE CO”'_d be used to prope the amount of\ypen the magnet is aligned in the azimuthal or axial direc-
creep damage in a specimen. The modeling suggested th@l, The electromagnet, consisting of magnet arms and
MAE would decrease in amplitude monotonically as a func-¢ss-har and magnetizing coils, was magnetized with a cur-
tion of the creep damage amount. This occurs because Créggy of triangular-like time dependence, increasing linearly to
damage causes increase of precipitates and creation of Mi-yqsitive maximum, and then decreasing linearly back to the
crocavities near grain boundaries. Such defects create a d@r‘iginal negative minimum. The MAE voltage signal was

r_nag_netization field: Wh_ich re_duces the rgte at which magne€getected with a piezo-ceramic transduckequency reso-
tization changes with fieltH in the material* Consequent nance of about 200 kHzAn HBN voltage signal was also
reduction of magnetic domain wall activity leads to decreasgygiected with a pickup coil positioned in or near the magne-
tized region. The electronic pass band of the MAE detector
dElectronic mail: msablik/swri.org circuit was from 30 up to 400 kHz, with the HBN from 1 to
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FIG. 2. Angular dependence of: 1-MAE intensiifmae open triangles
2-HBN path integral around the tube wall circumfereieen, open circleg
FIG. 1. Photograph of the way in which the electromagnet poles contact thg-HBN integral contribution from bottom part of tuttemr, solid triangles.
tube when the field is aligned in the hoop direction.

100 kHz. The “local” root mean squar@ms) intensity was Path-integrated along the line between the poles in a com-
evaluated for both MAE and HBN voltage signals and re-plete circuit around the tubgarametePm), and contribu-
corded as a function of the voltagy of the current genera- tion to this HBN path integral from the bottom of the tube
tor. Magnetic field strength H was assumed to be propor{parameteiPmr). The levels ofPmaeand Pmwere normal-
tional to Ug. By local rms intensity is meant that the ized to their maximum values, respectively, aRthr was
measuring set uses standard circuits that make a rms calciormalized to the maximum value &m Note that the rms
lation “on line” during voltage signal analysis. Inside these value of HBN over one period of magnetization is defined as
circuits, the time-varying squared voltage signal is integratedntegrating the squared local rms value of the HBN voltage
over short time period, then divided byr, and finally the —over period of magnetizatioff, dividing by T, and then
square root is taken, giving thus a local rms value. Error baraking the square root. Note that for the first experiment,
on the MAE measurement are less than 5% and on the HBffequencyf=1/T=1.7 Hz. Using a Hall probe, an average

measurement, less than 10%. Figure 1is a photograph @pplled fieldH level of about 12.5 kA/m was found in the
how the magnet poles contact the steel tube. specimen midway between the electromagnet poles, with the

level depending of course on the applied current. We tried to
get the field amplitude as high as possible, in order to bring
about the greatest amplitude of MAE.

Tested specimens were cut from 2Cr—1Mo Polish steel In Fig. 2, plot 1 reveals that the optimal angular separa-
tubes taken from power plants. Steel chemical compositiotion for the MAE measurement occurred at 140°. This same
was [in wt%, mean values and standard deviatias fol- angle is also the angular separation at which (plot 2)is a
lows: C—0.12-0.01; Si—0.24+0.02; Mn—0.45+-0.03; maximum. Plot 3 shows that the HBN rms intensity path
Cr—2.11+0.01; Mo—1.03+0.02. The specimens had the integral contribution from the lower path is larger than the
dimensions: outer diamet& =50 and 32 mm, wall thick- HBN integral for the upper path. Fer=180°, the two parts
nessh=5.4 mm, and lengtth= 100 cm. of the Pm integral become equdi.e., Pmr=0.5 because

The magnetic properties of the 2Cr—1Mo steel in thethe magnetic flux is essentially equally divided between up-
tube were measured as follows: Saturation flux density waper and lower path. The MAE voltage at a given time is the
~1.2 T and coercivity was-300 A/m. The hysteresis loops accumulation of emissions from different points which each
were of a classical shape, with a smooth chang®¢H) are experiencing different magnetization time derivatives.
from the zone of domain wall movement to the zone of do-The MAE intensity(time integrated over a period of magne-
main rotation along the magnetization curve. For our MAEtization) is proportional to the sum of the magnetizations
measurements, the flux density swing in the specimen wasxperienced at each different point. The time derivative of
2Bnax—=1T. magnetization at a given point is also roughly proportional to

The goal of the first experiment was to find the optimalthe HBN voltage. The HBN intensitftime integrated over a
angular position of the pole pieces on the tube wall for magperiod of magnetization as defined abpispath-integrated
netization oriented in the azimuth@r hoop direction. The azimuthally around the tube to get paramekm which
pole pieces touching the tube made different angular disshould thus be proportional to the sum of the magnetizations
placementsanglea) relative to each other. For each angle  experienced at each different point on the path, and hence to
the MAE was recorded, and the HBN intensity was measurethe total MAE (Pmasg. This is well confirmed by the evident
at different points along the line between the poles for bothclose correlation between plot 1 and plot 2 in Fig. 2, where,
sides of the tube, making a complete circuit. Figure 2 showsgain,Pm and Pmaeare normalized to their maximum val-
the angular dependence of three quantities: MAE intensityies, respectively.

(Pmae—integral of local rms values of MAE voltage over A second experiment checked the dependence of MAE
time for one period of magnetizatignHBN intensity (rms  intensity on frequency and wall thickness of the tube. Fre-
value of HBN over one period of magnetizatjadditionally  quency of magnetization was set between 0.5 and 50 Hz, and

IIl. EXPERIMENTAL RESULTS
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FIG. 3. Frequency dependence of rms valubJ@f(MAE intensity) detected  FIG. 4. Polar diagrams of normalized MAE parame®enaefor two direc-
in tubes of different wall thicknesd—2.7 mm; 2-5.4 min tions of magnetization: 1-hoop, 2-axial.

the tube wall thickness was lowered by machining with a Finally, it should be noted that moving down the steel

lathe toh=2.4 mm. Figure 3 shows the frequency depen_tube does not change the results for the unexploited tube. For

dence of the rms value of the MABJa) for two external the exp_loited 'Fube, there are small _Iocal changes in magnet?c
tube wall thicknesses. This frequency dependence exhibits %roper'_ues owing to local Chaf_‘ges n th_e creep da”_‘age- 'I_'h|5
behavior more like a dependence on the square root of frdS particularly true for thg thirdexperiment in which azi-
quency, as suggested by the MAE mddeaind as suggested muthal changes are studied.

by an earlier model of Ngt al.’ It is due to eddy currents

which screen the magnetic effect of the primary field to alv. CONCLUSIONS

certain skin depth, depending on frequency. Reduction of he desianed . has b h
tube wall thickness leads to an increase of MAE intensity The designed MAE measuring system has been shown

due to increase of the magnetic flux density rate inside thgapable of detecting extent and asymmetry of creep damage

tube while the magnetic flux amplitude provided by the mag—In power plant boiler tubes.

netizing magnet remains constant. At higher frequencies, the
MAE eventually becomes independent of tube wall thickneSA\CKNOWLEDGMENT
since it is produced by changing magnetization confined to Thi K ed | ¢ by the Electric P
the skin depth of the field produced by the primary current of IS r\lNlor t_lN"t"S %Ir?ptl)rtf ;\rllcpar y the Electric Fower
the magnet. We see this tendency toward a more constaﬁtesearc nstitute, Lhariotte, '
value ofUa at the higher frequencies in Fig. 3.
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