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THICKNESS MEASUREMENTS USING EDDY-CURRENT TECHNIQUES

C. V. Dodd and W. A. Simpson, Jr.

ABSTRACT

Eddy currents have been used for many years to measure

the thickness of a single conductor and the thickness of one
conductor clad on another. : By performing a computer analysis
of the problem, we have been able to choose the optimum con-
ditions for performing such measurements. Effects of varying
thickness, frequency, coil size, conductivity, lift-off (or
coil-to-conductor spacing), and coll resistance are discussed.
The use of a phase-sensitive eddy-current instrument in per-
forming thickness and clad thickness measurements is emphasized.

INTRODUCTION

In many critical industrial applications today, the performance of
a component depends on the thickness of a metal or on the thickness of
one metal clad on another. Typical examples of these critical applica-
tions are the cladding on a nuclear reactor fuel element, the thickness
of an aircraft wing panel, and the thickness of a chemical cannister.

Eddy currents have been successfully used for many years to measure
the thickness and cladding thickness of metals. Early instruments used
simple bridge circuits operated in a balanced mode and measured the

amplitude of the signal as the balance changed.s?

Later instruments
used bridges operated in an unbalanced mode to reduce the effects of
undesirable variables, principally lift-off, the coil-to-conductor

spacing. These instruments usually measured either the magnitude or

the phase of the unbalance voltage as a function of thickness. At the

1R. Hochschild, "Flectromagnetic Methods of Testing Metals,"
Progress in Nondestructive Testing, Vol. I, The Macmillan Company,
New York, 1959.

°R. C. McMaster, Nondestructive Testing Handbook, Vol. IT, The
Ronald Press Co., 1959.




low frequencies required to penetrate thick sections of good conductors,
the coil dec resistance may become as large as the coil impedance. Later
instruments developed at Oak Ridge National Taboratory’,“ have employed

a reflection-type probe as shown in Fig. 1. This probe consists of a
large driver coll to generate an electromagnetic field and two pickup
coils connected in a differential arrangement to measure the changes in
this field. 1In air, the signals developed across the pickup coils can-~
cel. However, when the probe is placed on the metal, a "reflected field"
is produced by the metal. This field, which decreases rapidly with dis-
tance from the metal, is detected by the front pickup coil (nearest the

metal) but not by the rear coll. The magnitude of the signal is a function

’C. V. Dodd, "Applications of a Phase-Sensitive Fddy-Current Instru-
ment, " Mater. Evaluation §§(6), 260-263 (June 1964).

“C. V. Dodd, "A Portable Phase-Sensitive Fddy-Current Instrument, "
Mater. Evaluation 2@(3), 33-36 (March 1968).
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of the lift-off, but the phase of the signal is relatively insensitive
to the lift-off.

This arrangement is equivalent to operating a bridge with a test
coil at the sample and a reference coil away from the sample and coupling
to them with a single transformer. This type of circult can be operated
at lower frequencies without the effects of variations, which can be
caused by ohmic heating, in the .coil dc resistance.

Most of the curves given in this report are the result of computer

6

calculations® of integral solutions® of reflection-type coil problems.

Experimental verification of these calculations is given in this report

and in other references.®’”

THICKNESS MEASUREMENTS OF A SINGLE CONDUCTOR

We shall first consider the case of a reflection~type ccil above &
gingle conductor. This represents the most common case of thickness
measurements and can be thought of as a special case of cladding thick-
ness with the base material having zero conductivity.

Our first goal is to get the maximum signal (phase shift in our case)
for variations from a given nominal thickness. Figure 2 shows how phase
shift due to a 10% thickness variation changes as a function of the

° for coils having various ratios of

dimensionless product wUoT
thickness/coil mean radius (the mean radius, T, is that of the driver
coil). The other symbols, w, M, and ¢ denote the frequency, permeability,
and conductivity, respectively. Maximum stability and sensitivity for
typical phase-sensitive eddy-current instrumentation are about 0.01° or
1.75 X 10™% radians. We can see that for each ratio of thickness to coil

2

mean radius there is a value of wuOT* that gives the maximum phase shift.

W. A. Simpson, C. V. Dodd, J. W. Tuquire, and W. G. Spoeri, Com-
puter Programs for Some Eddy-Current Problems — 1970, ORNL~- T™M-3295
(June 1971).

éc. v. Dodd, W. BE. Deeds, J. W. Luquire, and W. G. Spoeri, Some Eddy-
Current Problems and Their Integral Solutions, ORNL-4384 (April 1969).

“F. D. Mundt, Eddy-Current Measurements with a Coil Enc1rcllng a
Two-Conductor Rod Y-1787 (April 1971)
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Fig. 2. Phase Shift Due to a 10% Thickness Change Versus wpct- for
Various Ratios of Thickness/f. In this and subsequent figures, Rl and
R?2 represent the normalized inner and outer radii of the driver coil and
R3 and R4 the corresponding radii of the pickup coil.

Figure 3 is a plot of this value of WLOTF?

for maximim sensitivity and
the phase shift at the maximum sensitivity for a 10% thickness change
against the ratio of thickness to coil mean radius. Thus, suppose we
have a particular inspection problem requiring the measurement of a
given nominal thickness of material having a given conductivity, o, and
we have a coil with a given r. We would first calculate the thickness/?
ratio and then determine the value of wudTQ from Fig. 3 that gives the
maximum phase shift. Then by knowing this value of whoT? and knowing
4y o, and TZ, we can calculate the value of frequency w that will give
us the maximum phase shift (and sensitivity to thickness changes). Tt
should be noted from Fig. 2 that the peaks of the thickness/? curves are
rather broad and that there 1s little decrease from optimum sensitivity
for twofold variations in the value of WHLOF.

Now let us suppose that we have not yet constructed our coil and
can choose T to be any value. We can see that the larger we make ¥ or

the smaller we make thickness/?, the greater the phase shift. Thus, we
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are limited only by the area of material we wish to resolve with the coil
and by the operating frequency range of our instrument. In general, the
larger the coil, the larger the area 1t samples in one measurement and
the lower the operating frequency required for maximum sensitivity.
(Although the product of WHLOF? increases as thickness/? decreases, it

2, so therefore w must decrease.) We

does not increase as fast as T
also can see that there is very little increase in phase shift for ratios
of thickness/F of less than 0.2, and that relatively sensitive measure-
ments (1% of the thickness) can be made for ratios as high as 3.

Now that we have succeeded in getting the maximum signal due to
thickness changes, we shall take a look at minimizing the effect of the
other variables in the problem. - The main source of error in any eddy-
current test is the lift-off, or coil-to-conductor spacing, and thick-
ness measurements are no exception. For any practical inspection there
is a "lift-off range,” which is the actual range of spacings encountered

when the coll 1s placed on the specimen. This range extends down to a
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"zero lift-off," which is really not zero but a lower hound imposed by
such restrictions as insulation thickness. To estimate the error due
to lift-off in phase-sensitive eddy-current methods, we calculate the
variation in phase shift with lift-off over the 1ift-off range for
instrument settings that bring the error to zero at the extremes of the
range. For different values of the inspection parameters the phase
shift differs, as shown in Fig. 4. Since we observed that the phase
shift could have either sign, as shown by the upper and lower curves,
we reasoned that there should be certain conditions where the curves
are zero or nearly zero. After some trials with the computer, we dis-
covered that for certain conditions we could get curves such as the
middle one in Fig. 4 for wioT? = 15. This curve represents the minimum

phase shift with lift-off, and the error in the measurement of thickness
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due to this lift-off variation is about 0.15% compared to 1% for the
upper and lower curves. (The sensitivity to thickness changes as well
as to lift-off is much less in the lower curve.) The value of WuoT*
where this minimum phase shift (induced by lift-off) occurs is a func-
tion of the geometry of both the coil and conductor. Figure 5 shows
how this value of wuo¥> varies as a function of length of the driver
coil for a number of different ratios of thickness to coll mean radius
for a zero lift-off equal to 0.05Y and a range of 0.1F.

° for the minimum 1ift-off effect increases

The optimum value of wior
considerably as the value of zero lift-off increases. Figures 6 and 7

show curves similar to Fig. 5 for zero lift-off values of 0.025 and 0.1r.
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The minimum zero 1lift-off attainable in practice varies from about
0.025r for coils having ¥ = 0.4 in. to 0.1Fr for coils having ¥ = 0.02 in.

The optimum value of wWHOF® for minimum lift-off effect also increases
as the lift-off range increases. PFigure & shows how the optimum value of
WUOF? varies with coil length for lift-off ranges of 0.1F and 0.7F.

The optimum value of WLOT? is affected slightly by variations in
inner and outer radii of the driver and pickup coils but is relatively
independent of the length of the pickup coils. To minimize the effect
of Lift-off on a thickness measurement, we can choose the coil geometry
using Figs. 5 through £ so that the value of wucT? for minimum phase
shift due to Lift-off is the same as the value of WHOT° for maximum

phase shift due to a 10% thickness change, from Fig. 3.
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Figure 9 shows how the coil length for minimum lift-off error at

the same value of wWuOT~

for maximim sensitivity varies as a function of
the ratio of thickness to *, for various values of zero lift-off.
Figure 10 shows a similar plot, but with the lift-off range increased
from O0.1F7 to 0.27.

Figure 11 shows how the phase shift due to a 10% thickness change
and the error in the thickness measurement due to both lift-off varia-
tions and conductivity variations change with WLOF? . Thus, for the
value of thickness/? equal to 0.05, we have been able to choose a coil
geometry to minimize the error caused by lift-off variations. The
errors in thickness measurements due to lift-off variations of 0.1F and
0.2T can be as low as 0.03 and 0.15%, respectively. The 0.03% error
due to O0.1F lift-off variation is in fact below the resolution of the
instrument, which is 1.75 X 107% radians or 0.05% thickness variation.
Having succeeded in significantly reducing the error in measurement due
to lift-off, it becomes reasonable to consider the other variables.
Figure 11 also shows that an increase of 1% in the conductivity causes
the measured value of the thickness to be about 1% high. A conductivity
variation of this size could easily be caused by a small change in tem~
perature, local cold working, or heat treatment variations. About the
only way to eliminate the error caused by such conductivity variations
is to measure the conductivity and correct the thickness readings.
Figures 12 through 16 show similar information to Fig. 11 for other
values of thickness/?. From these figures, we can see that the lift-off
error can be made minimal by proper selection of coil geometry for
thickness/T values of 0.1, 0.2, and to some extent-O.S. However, for
thicknesses/; greater than 0.5, we have reached a practical limit on the
"shortness' of our coil and can no longer position the minimum phase
shift due to a lift-off variation under the maximum phase shift due to
a thickness variation. Because of this fact and the fact that the sen-
sitivity decreases at the higher ratios of thickness/?, the lift-off
error due to a 0.2r lift-off variation increases to about 1.2% for
thickness/? equal to 2. (It should be recognized that for a coil even
as small as 0.250 in. having a T slightly lesg than 0.125 in., a 1ift-
off variation of 0.27 would be almost 25 mils, far in excess of that

encountered in most practical cases.) The error in thickness measurement
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due to a 1% variation in conductivity increases to about 4% for thickness/?
equal to 2. Thus, while accurate thickness measurements can be made for
ratios of thickness/? up to 3, the errors due to variations in conductiv-
ity and lift-off can be controlled better at ratios of thickness/? of

0.5 and less. The phase shift due to conductivity and thickness varia-
tions is quite linear for variations up to 10%. Thus a conductivity or
thickness change of 10% would cause 10 times the phase shift of a 1%

conductivity or thickness change.

CLADDING THICKNESS MEASUREMENTS

Now that we have studied the special case for a reflection-type
coll above a single conductor, we shall consider the thickness measure-
ments of one conductor clad on another.

The sengitivity of the measurement of cladding thickness depends
strongly on the ratio of conductivity of the cladding material %o the
base material. The case of thickness measurements of a single conductor
corresponds to cladding thickness measurements with an infinite con-
ductivity ratio, as the base material has zero conductivity. For purposes
of discussion let us assume that the base material is 0.1 times as con-
ductive as the cladding material. We have computed curves similar to
the ones shown in Fig. 2, showing the phase shift due to a 10% cladding
thickness change plotted against‘wuoifz (Ul represents the conductivity
of the cladding) for various values of cladding thickness/?. From these
curves we have plotted the value of qui?z for maximum phase shift and
the phase shift for a 10% thickness change against cladding thickness/f,
as shown in Fig. 17. When the conductivity ratio was infinite, as shown
in Filg. 3, the phase shift kept increasing as T increased (or thickness/f
decreased). Now, however, the phase shift approaches a rather broad max-
imum and then decreases. Therefore, we can conclude that there 1s also
an optimum value of the mean radius of the coil for a given nominal clad-
ding thickness. Figures 18 through 21 show similar curves for other con-
ductivity ratios. We can see that there is an optimum value of cladding
thickness/? for each ratio of conductivity to give a maximum phase shift.

Figure 22 shows a plot of this optimum value of cladding thicknessff
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against the conductivity ratio. In addition, we have also included

curves for the optimum value of wugff2

for maximum sensitivity and the
phase shift for a 10% cladding thickness change at the maximm sensitiv-
ity. From this curve we see that we have adequate sensitivity to mea-
sure cladding thickness when the conductivity ratios are as close to 1

as 1.25 or 0.8. (A "rule of thumb' in the past has required conductivity
ratios of approximately 2.) Thus, by using optimum parameters, we can
measure cladding thickness on materials having condﬁctivities that are
almost the same. However, when the materials have exactly the same con-
ductivity, the sensitivity becomes zero.

From Fig. 22 we can determine the optimum size (F) coil for a given
nominal cladding thickness. However, it may be impractical to construct
a coil small enough to have the proper cladding thickness/? ratio for
maximum sensitivity, or 1f such coil can be constructed, it may take too
long to scan a particular specimen with this coil. The curves in
Figs. 17 through 21 may be used to show how far away from the optimum
value of thickness/? we can operate and still have adequate system sen-
sitivity to cladding thickness changes. The curve of phase shift due
to a 10% cladding thickness change versus thickness/? reaches a rather
broad maximum, and the phase shift at one half or twice the optimum
thickness/f is stiil approximately 75% of that at the optimm. TLike~
wise, the curve of‘wucifg plotted against phase shift reaches a broad
maximim, and the exact operating frequency is not critical.

Now that we know how to get maximum (or at least adequate) sensi-
tivity, we shall turn our attention to the elimination of the undesir-
able variables, starting with lift-off. Figure 23 shows how the length
of the driver coil for minimum Lift-off error varies as thé ratio of
01/02 is changed for four values of zero lift;off. The optimum values
of thickness/F and wuojfz for maximum thickness are used for these
curvesg. Values other than the optimum will require different driver
coil lengths to produce the minimum 1ift-off error. By use of Figs. 22
and 23 we can design coils to have maximum sensitivity to cladding thick-
ness changes and minimum sensitivity to lift-off variations. Figures 24
through 29 show optimally designed coils for measuring cladding thick~

nesses of materials with different 01/02 ratios. All the curves show
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Fig. 27. Phase Shift Due to a 10% Cladding Thickness Change and
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Fig. 29. Phase Shift Due to a 10% Cladding Thickness Change and
Error in Cladding Thickness Due to Lift-Off and Conductivity Variations
Versus,wuﬁff2 for a Conductivity Ratio of O.1.

a dip in the error due to a lLift-off variation of O.1F at the same value
of wuciTZ that produces the maximum phase shift. This dip appears to

be somewhat steeper at the lower ratios of 01/02, indicating that if the
parameters are not properly chosen, the lift-off compensation can cause
a decrease in the sensitivity. The error due to a conductivity varia-
tion of 1% in either conductor is also given in Figs. 24 through 29.

We can see that the error due to a conductivity variation in the
upper conductor, o, is the larger of the two, increases with wuoi?z,
and increases as the Ul/Ug ratio decreases, as long as o, is greater
than o;. For g, less than o, the ¢, error is smaller, and for 01/02
ratios of 0.2 and C.1, the o, error becomes guite small. The error due
to a variation of 1% in o, becomes largest as the conductivity ratio
approaches unity, and decreases as the ratio approaches zero or infinity.
The 0, error decreages as wule2 increases. The conductivity and the
thickness variations are all fairly linear, up to lO%, so that the amount

of phase shift or error can be scaled up or down, depending on the
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variation. In principle, multiple frequency operation can be used to
eliminate the conductivity errors. One can measure the phase shift at
three different frequencies, calculate the conductivity variations, and

linearly correct the value of cladding thickness.

PRACTICAL CONSIDERATIONS IN TEST DESIGN

Now we have the knowledge to design the optimum size and shape coil
to measure thickness and cladding thickness. Frequently, however, the
optimum coil cannot be built, and we mist compromise between optimum
sensitivity and construction practicality. Tor ingtance, the minimum
practical size of a coil mean radius, ¥, is about 0.015 in. at present.
Also, since the effect of lift-off measured in terms of ¥ is greater for
a smaller coil, such a coll can tolerate lesgs actual lift-off. A 1lift-
off of 0.17 is equal to 0.040 in. for a 0.4-in.~F coil but only 0.0015 in.
for a 0.015-in.-¥ coil.

In addition, the resolution of a coil is a direct function of its
gize. We may wish to make a coil smaller than optimum to increase its
sensitivity to thickness changes over a small area or to reduce edge
effects. On the other hand, we may wish to make it larger so it will
"see" a larger area, thereby increasing the scanning speed. Another
reason for operating away from optimum is that we may wish to use an
existing coil for a new problem.

Although many of the curves given in this report are for optimum
conditions, it is not critical that we operate at optimum. In general,
the curves for optimum sensitivity nave rather broad peaks, and if the
operating conditions differ by a factor of 0.5 to 2 from the optimum
parameters, we will still have about 75% of the maximum sensitivity.

The actual circuit parameters, as shown in Fig. 30, also have an
effect on the phase shift. All phase shifts given thus far have bheen
for an infinite ilnput impedance to the driver coil and an infinite load
impedance in the pickup coil. (This condition requires that the shunt
capacitance in the driver and pickup circults be zero.) Then the Phase
shift depends only on the mutual coupling and is independent of the

number of turns on each coil. However, since we cannot achieve infinite
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impedances in actual practice, we must consider the entire circuit of
the probe. 1In general, if we have designed the probe circuit properly,
we will get the following desirable results:

1. The R~L~C circuit will limit the frequency response of the
probe and reduce noise.

2. The phase shift due to changes in the coils' dec resistance
can be completely eliminated, thus drastically reducing temperature
drift in the probe.

3. By varying the values of R, I, and C in the circuit, we can
vary the value of T2wpo where the minimum 1ift-off effect occurs after
the coil has been constructed.

In general, for a properly designed R-L-C circuit, the change in
phase shift and sensitivity from the ldeal case of infinite source and

load impedance is about 2% or less. A computer program (RFCTAD) to
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design the actual probe circuit and to calculate the response of a probe

away from optimum conditions is given in another report.8

EXAMPLES OF DESIGN AND EXPERIMENTAL RESULTS

We shall now consider three examples of the design of eddy-current
tests. These examples were chosen because we had six probes that were
identical except for constructional variations. By having six probes
avallable, we could statistically analyze the results, including con-
sideration of the constructional variations. These tests were actually
designed to fit the probes, but we shall now proceed to design the probes
to fit these tests.

The first problem we shall consider i1s the design of a test to mea-
sure the thickness of aluminum alloy 7075 (0 = 3.755 pQ-cm) in the range
of 0.075 to 0.085 in. with a nominal value of 0.080 in. From Fig. 3 on
p. 5, we see that there is no optimum size coil, and, as long as the
ratio of thickness/? is less than 0.5, the coils will be fairly sensi-
tive. Also, from Fig. 9 on p. 11 we see that we can effectively reduce
sensitivity to 1ift-off variations if the ratio is less than 0.5. We
therefore choose a coil mean radius of 0.300 in. (largely because of
its availability), which gives a ratio of thickness/? = 0.267. From

2 for this ratio is about

Fig. 3 we see that the optimum value of wudr
13 and the sensitivity to a 10% thickness change is 0.035 radians or
2.0°. The value of wuor: is given in MKS units, but we can use the
following conversion factor and use more familiar units. We can write
wpor? = 0.51 X F X ?2/0, where T is the frequency in Hertz, T is in
inches, and p is the resistivity in microhm centimeters. Solving the

above equation gives

13 = 0.51 X F x (0.3)2/3.755 ,

or

F =13 % 3.755/(0.09 x 0.51) = 1.06 klz.

8¢. V. Dodd and C. C. Cheng, The Analysis of Reflection-Type Coils
for Eddy-Current Testing, report in preparation.
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We chose 1 kHz as the actual operating frequency. The sensitivity for

a 10% thickness change is 2.0°, and the sensitivity for the 12.25% thick-
ness change for the actual range of 0.0755 to 0.0853 in. is 2.45°. The
more accurate calculation performed by the computer program RFCLAD gave

a phase shift of 2.43° for the stated thickness variation. The experi-
mental measurements gave an average phase shift of 2.41° for the six
coils, with a standard deviation of 0.08°.

The error between calculated and measured sensitivity was 0.02° or
0.8%. The average of the experimental phase shift is plotted against
thickness in Fig. 31. The thickness of the curve represents the varia-
tion caused by lift-offs from 0 to 0.030 in. The meximum variation in
phase due to the lift-off variation is 0.05° measured, compared to 0.045°
calculated. This phase shift is difficult to measure because it is not
mich larger than the instrumental resolution.

The next problem we shall consider is the design of a test to mea-
sure the thickness of aluminum alloy 7075 ovei the range 0.110 to 0.130 in.,
with a nominal thickness of 0.120 in. Again, using a coil mean radius

of 0.300 in. gives a thickness/F ratio of 0.4. From Fig. 3 we see that

ORNL~DWG 72~ 670

0.085 -
£ _,,f""V
I . -
2 0.080 e —
2 COIL 300A fkHz .
W o~ 0 TO 0.03-in. LIFT-OFF
S 0.075
I
I~

0.070

-1.25 -0.75 -025 0 0.25 0.75 1.25

PHASE SHIFT (deg)

Fig. 31. Phase Shift Versus Thickness for a 300 A Coil at 1 kiz
with 0 to 0.030-in. Lift-Off Variation.
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the optimum value of ?zwuﬁl for maximum sensitivity is 7, and the sensi-
tivity for a 10% thickness change is 0.028 radians or 1.60°. Solving

for the test frequency gives:

7 = 0.51 x F x (0.3)2/3.755

or
F=7X23.,755/(0.09 x 0.51) = 573 Hz.

We chose 500 Hz as the actual operating frequency. The sensitivity read
from the curves is 1.60° for a 10% thickness change, or 2.62° for the
16.3% thickness change for the actual range from 0.1108 to 0.1304 in.
The more accurate calculations performed by the computer program RFCLAD
gave a phase shift of 2.80°. The average of the experimental measure-
ments for the six coils was 2.84°, with a standard deviation of 0.07°.
The difference between the calculated and measured sensitivity was 0.04°
or 1.4%. The phase shift due to a lift-off change from O to 0.030 in.
was 0.07° for both the calculations and measurements.

The final case we shall consider is the design of a test to measure
0.075 to 0.085 in. of aluminum alloy 7075 (p = 3.755 uQ-cm) clad on
nickel-copper alloy (p = 9.65 pQ-cm). The ratio of the conductivities
is 2.57, and from Pig. 22, p. 16, we find that the optimum ratio of
thickness/F is 0.26. Since the nominal thickness is 0.080 in., we then
calculate the coil mean radius to be ¥ = 0.080 in./O.26 = 0.307 in., and
we therefore choose T = 0.300. From Flg. 22 we see that the value of
Tzwuol for maximum sensitivity is 13 and the sensitivity for a 10% clad-
ding thickness change is 0.015 radians or 0.86°.

The operating frequency is calculated to be F = 13 X 3.755/(0.09 % 0.51)
= 1.06 kHz, so we choose 1 kHz as the operating frequency. The sensitivity
of 0.86° as read from Fig. 22 for a 10% thickness variation corresponds
to a sensitivity of 1.05° for the actual 12.25% cladding thickness varia-
tion. The more accurate calculation made by the computer program RFCLAD
gives 1.04°. The average of the experimental measurements for five coils
was 0.99° with a standard deviation of 0.03°. The error between calcu-
lated and measured sensitivity is 0.05° or 5%. The variation due to

Lift-off wags 0.04° for both the calculations and the measurements.
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These three cases indicaﬁe how we can design coils for thickness
and cladding thickness meagurements. If the coils had not been pre-
Viously constructed, we would have alsoc varied the coil length according
to Figs. 9, 10, and 23 to minimize the 1lift-off effects.

A number of other coils have been designed and tested. Thicknesses
ranging from 0.0002 to 0.6 in. have been measured with frequencies
ranging from 120 Hz to 5 MHz and resistivities ranging from 1.7 to
1000 ufl-cm. The accuracy of the measurements was in most cases within
10% of the estimated and calculated values, which were always within

experimental error.

SUMMARY AND CONCLUSIONS

The curves presented in this report allow a quick and accurate
method of designing eddy-current tests and eddy-current coils. They
also help apply existing coils more intelligently to inspection problems,
allow rapid feasibility studies to be made, show the effects of undesir-
able variables, and provide the starting point for more asccurate calcu-
lations, which can be made with the computer program RFCLAD.

These curves and the experimental measurements show that very
accurate eddy-current tests can be applied to a much greater range of
thickness and cladding thickness measurements than previously believed

posgsible.
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