
on the other. In practice, the best procedure is to eva luate test points 
On both sides . then choose whichevcr gives the best results. 

Suppression of the Conductivity Variable 
Tn measuring the thickness of nonconductive coatings on 

conductive materia ls, it is necessary that the lift-off variable be 
measured and that the conductivity variable be suppressed. To 

accompl ish this, a test point is selected (sec Figure 9.9b) that l ies on 
a line that is perpendic ular to the conductivi ty curve alth e point of 

interest. 

Figure 9.9: Test point selection. 
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Conductivity and Permeability 
For magnetic mater ials . the lirt-off and mag netic permea bility 

loci curves arc vir tually superim posed (Fig ure 9.10a ) but their 

respective values increase in oppos ite direc tions , Figure 9. 11 shows 

that the reactance component of the test coil imped ance is decrease d 

by the presence of non magnetic materia ls. Thi s reacta nce reduction 

occurs because induced cun ents Ilow in the conducti ve and 

non magne tic objec t ancl set up a seco ndary field that panially 

cancels the p ri mary field of the coil. Th e oppos ite is true when a 

magnetic material such as iron or feuite is placed within the field of 

the coil. This happens because the presence of the magne tic field 

intensi ty of the primary co il field causes atomi c mag netic clements 

of the magnet ic material to become al igned with the f ield . increasing 

the Dux de nsity , The magnetic pcnnea bi lity fI is the ratio of nux 

densi ty B to magnet ic field intensity H: 
R 

Eq. 9.1 H 

where B is magne tic flux dens ity (tesla) and H is magnetizing force 

or mag netic field intensi ty (A-m- l ). 

The nickel zinc fen-ite cores (F igure 9.IOb ) were chose n as 

examp les because they have a low conductivity and two different 

values for permeability, The effect of the inc reased flux density 

gives a grea ter induced voltage in the test coi l that in turn raises the 

iIl1pcdance. The increase in impedance is in the reactance direction 

except 1,) 1' the effect of a smaU amount of energy loss resulting from 

hy steresis. The nicke l zinc fen ite cores may have an initial 

penneabil ity of 850, high on the permeabi lity line of Figure 9. 1 Oa, 

Usually practica l eng inee ring materials also have an associated 

elec ui cal cond uctivity that affects the impeda nce, as shown for 

422 steel and 4340 stee l in Figure 9.IOb. The relative relationship of 

the permea bility loc i lines and the conductivity curveS for three 

materials are show n in Figure 9. 10c. 

The vec tor or phasor values of induct ive reac tance and resis tance 

for diffe rent material cond itions yield un ique loci or phasor plots on 

the impedance- plane at part icular operat ing frequencies . The phase 

angle of the impedance vectors wiU change at different frequen cies 

becau se the inducti ve reac tance value is a functio n of inductance and 

frequency. Hence vector points may move relative to one another 

along the conditio nal loci curves when the ope rating frequency is 

Changed, This shif t in phase is shown in Figure 9.12 for the 

conducti_vity values of nonmagnetic materials. Similar phase angle 

changes for the permeabilit y of 4340 steel are shown in Figure 9.13 

as the frequency cha nges from 7S to 300 kHz. These changes in 

phase sh ift at diCferent frequencies do not interfe re with impedanee­

plane analy sis . provide d that the operator is aware of this factor. In 

some cases. test results may be improved by changing the frequency 

to cause phase shif ts. 
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Figure 9.10: Permea bili ty, lift-off and conduct ivity loci on 

impedance-pla ne: (al pe rmeab ility and lift-off locus; 
(hl permeability loci for d ifferent m ater ials; and (c) loci for 
permeab ility p and conduc tivity <5. 
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Figure 9 .11: Lift-off and edge effect loc i on impe dance-plane: 

(a) lift-of f loci; and (b) edge effect loci. 
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Figure 9.12: Movement of material point s by frequenc y changes: (a) low frequency, 

20 kHz; (b) medium frequ en cy, 100 kHz; and (c) high frequency, 1 MHz. 
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With phase analysis eddy current instrume nts , an operator can 

produce impedance-plane loci plots or curves automatically on a 

flying dot oscilloscope or integral cathode ray tuhe. Such 

impedance-p lane plots can be presented [or the following materia l 

conditions , as shown in Figure 9.14. 

1. Lift-orr and edge effects. 

2. Cracks. 

3. Material separation and spacing. 

4. Permeability. 

5. Specimen thinning. 

6. Conductivity . 

7. P lating thickness . 

Figure 9. 14: Impeda nce changes in relation to one another on 
impedanc e-plane. 
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Evaluation of these plot, shows that ferromag netic materia l 

conditio ns produce higher values of inductive reac tance than values 

obtained from non magnetic materia l conditio ns . Hence the magne tic 

domai n is at the upper quadrant of the impedance-plane . whereas 

nonmagnetic materia ls are in the lower quadrant. The se paration of 

the two doma ins occur s at the induct ive reac tance values obtained 

with the coi l removed from the conductor (sam ple); this is 

propo rtional to the value of the co iJ"s self-inductance L. 
Linea r mater ial values do not produce linear response s on the 

impedance-plane loci . With the eddy currcnt probe hala nced on the 

mctal spec imen, the loci values for linear material conditions arc 

displayed as fo llows. 

I. Mag netic and nonmag netic lift-ofr conditions arc displayed 

logarithmically (in X). 

2. Magnetic and nonmag netic edge effects arc displayed 

loga ri thmica II y. 

3. Magnetic and nonmagnetic conductivities vary with test 

frequency. 

4. Magnetic permeability varies wi th tcst freq uency. 

S. Metal thinning varies expone ntially. 

6. Non magnetic plating thickness is displayed logarithmically. 

7. Materia l spacing or separat ion varies exponentially. 

Electromagnet ic induction effec ts arc not easy to understa nd. 

Neither the magnetic fields nor the eddy CllD'ents ca n be seen. 

In a proble m solving situation. imped ance-plane analys is is a 

useful tool because it improves the ability to detect various 

conditi ons and provides a better understandjng and interpretat ion of 

the eddy current test result s . 

CAT HODE RAy T UBE METH ODS 

Cathode Ray Tube Vector Point Method 
When a cathode ray lUbe (CRT) js provided as pan of the tcst 

equipme nt , the equipment may be set up to show on the tube the 

locus of all the points in which the technic ian is interested. Thu s, the 

operator may co nstruc t. point by point, the impeda nce-p lane diagram 

directly on the tube rather than on a separate sheet of graph paper. 

Durin g actual testing of spec imens, the impedance of the coil will 

cause a dot to appea r at some point on the screen . Its pOSition with 

respect to the impeda nce-plane diagram tells thc technici an what has 

occu rred within the test object. An advantage of using a cathode ray 

mbe is its extreme flexibility. For example. the equi pment may be 

set up so that the display is rotated to a position where a change in 

lift-off would move the dot left or right, while a change in 

cond uctivi ty would move the dot up or down . The prese nce of a 
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disconti nuity would cause the dot to movc up and to the left , as 

shown in Figu re 9,15, 

Figure 9,15 : Rota tion of cat h ode ray tu be disp lay. 
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Cathode Ray Tube Ellipse Displa y Method 
A CRT may also be set up to com pare a test object with a 

refe rence standard . The ellipse method uses an inspection co il in 

conj unction wi th a reference coiL When a standar d is placed unde r 

the reference coil and the tes t object is placed under the inspection 

coil, the CRT shows the phase relations hips between the signals 

ob tained . This com par ison between the signals provides indicatio ns 

of the dimensio n variable and the co nductivi ty variable , 

The d imension variable and the conductivity vari able arc shown 

on the CRT by the widt h of the ellipse and the ang le tilt of the axis , 

F igure 9 .1 6 show s CRT disp lays for dimension and conductivity . 

MODULATION A NALYSIS 

A modulation analysis system , shown schematically on 

Figure 9_17, adds a mOdulating dev ice between the test set and an 

indicating device - a strip chart recorde r. Tlle mod ulat ing de vice is 

simply an elect ronic l1lter that will pass only certain freque ncies . In 

modula tion analysis a differentia] co il is used so that two adjacent 

areas of the art icle are compared. 
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Figur e 9.16: Cat hode ray tube displa ys for d imens ion and conductivity. 
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Figure 9.17: Modu lation analys is system. 
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As the test specime n passes unde r or through the co ils at a consta nt 

rate , various variables being sensed cause the equi pment to register a 

signal. A discontinuity such as a crack will be indicated by a sharp rise 

in signal , followed immediately by a shalV drop. A dimens ion change. 

on the other hand , is most likely to occur gradua lly. Thus by using 

ei ther a low freque ncy or high frequency tilter, the effect of one 

variable or the other is eliminated from the strip chart readout. 

Figure 9.18 illustrates this . 

Figure 9.18: Eliminati on of noise. 
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Chapter 10 

Selection of Test Frequency 

TEST fR EQUENCY 

T hc freq uency of an altcmat ing cun-ent is def ined as thc number 

of cycles (one complete cycle of cun-em) that occur in one seco nd. 

Its unit is the hertz - one hertz ( I Hz) being one cycle per second. 

Thus, house cun-ent at 60 cycles per seco nd has a frequency of 

60 Hz. The most important parameter of thc test sys tem that affects 

the depth of pcnetrat ion is the test frequenc y. 

The type of alloy involve d and the variables to be meas ured or 

supp ressed detenlline thc bes t frequency. The depth of eddy cun-ent 

penetrat ion within test ma terials is stro ngly affected by test 

frequency, penll eab ility and conducti vity. For a give n alloy, highe r 

frequ enc ies normally limit the eddy cun-ent test to inspection of the 

exci ted mc tal surface nea res t the primary co il winding. Lowe r 

frequencies per mit deeper eddy current pene tration. A given test 

frequency will allow eddy CUITents to penetrate deepe r in lower 

conductiv ity alloys tha n in higher conductivity alloys. 

High test f requenci es arc no rmally used for detect ing small 

surface cracks or surface contamination and for gaging thin coatings. 

Med ium frequencies are usefu l for cond uctivity measureme nts such 

as alloy sOl1ing . Low test frequenc ies arc us ually required for tcsting 

thicke r materials (for oppos ite side con·osio n, for example), for 

thickness gaging and for penetrating into magnetic materials. 
Pene tration dept h . however. is on ly part of the process for 

selec tion of optimum eddy cun-ent test frequenc ies. The geometric 

relation ship betwee n the impeda nce curves for the variable 

magni tudcs (di fferent conductivity points or lift-off po ints) along 

Lheir respective impedance curves is impol1ant. 

DEPTH OF P ENETRATION 

Eddy currents are not unifo rmly dis trihut ed throughout a test 

object. They arc mostly dense at the sud·ace closest to the coi l. and 

beco me progr essively less dense with increas ing distance below the 

surface of the ma terial. At some distance belo w the surface of a 

thick materia l there will be essen tially no curre nts flow ing. The 

depth of penctratio n is affected by the freq uency. conductivi ty and 

permeabi lity of the material. 
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