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COMBINATION COATING THICKNESS 
GAUGE USING A MAGNETIC FLUX 

DENSITY SENSOR AND AN EDDY CURRENT 
SEARCH COIL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a gauge for determining 

coating thicknesses on substrates, and, in particular, to a 
gauge for a combination coating thickness gauge for deter 
mining the thickness of a nonferrous coating on a ferrous 
substrate, and the thiclmess of a nonconductive coating on a 
conductive nonferrous substrate. 

2. Background Art 
In the past, operators of coating thickness gauges were 

require to lmow the substrate type before measuring the 
coating thickness on that substrate. Based on that 
knowledge, the operator would then choose an appropriate 
probe con?guration and make the appropriate measurement. 
Typically, an operator would require two independent gaug 
ing systems, or two independent probes that could be 
connect to a single gauge. In addition, the operator would 
have to determine the characteristics of the specimen 
(coating and substrate combination) prior to measuring the 
coating thickness on the determine substrate. 

Here is a need for instrument that is able to determine 
automatically substrate characteristics and measure the coat 
ing thickness on that substrate. Such an instrument would 
enable an operator to place the single gauge probe tip of the 
instrument on the specimen and, with appropriate instru 
mentation connected to the gauge probe, to determine the 
substrate the and automatically measure the coating thick 
ness. 

Several dual pinpose electromagnetic thickness gauges 
are known: 

For example, US. Pat. No. 3,986,105 to Nix et al. 
discloses a probe that uses two coils wound around an 
elongated ferromagnetic core. One coil is used to carry an 
excitation current and the other coil is used to make mea 
surements. By altering the frequency of excitation, it is 
possible to observe the elfects of both ferrous and nonferrous 
conductive substrates on the measurement coil. Low fre 
quency (below 300 Hz) excitation currents allow for the 
measurement of the thickness of a nonferrous layer on a 
ferrous substrate, while high frequency (above 1000 Hz) 
excitation currents allow for the measurement of the thick 
ness of a nonconductive layer on a nonferrous conductive 
substrate using eddy current effects on the measuring coil. 
The Nix et at. dual purpose electromagnetic thickness gauge 
does not utilize a constant magnetic ?eld supplied by a 
permanent magnet in conjunction with a Hall elfect mag 
netic sensor to measure a coating thickness. nor any means 
to compensate the measured magnetic ?ux density for 
changes in temperature. nor an eddy current search coil 
excited at a frequency su?iciently high to reduce the depth 
of penetration of eddy currents into the conductive substrate 
and thus does not provide a measurement that is su?ieiently 
immune to substrate thickness variations. Furthermore, the 
Nix et at. dual purpose electromagnetic thickness gauge uses 
manual, not automatic, switching of thickness gauge modes 
(low or high frequency of coil excitation) depending on the 
magnetic character of the substrate. 
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2 
US. Pat. No. 4,005,359 to Smoot discloses an electronic 

thickness gauge for measuring the coating thickness over 
ferrous and over conductive nonferrous substrates by mea 
suring the movement of a low-frequency hump in the 
response curve for an over-coupled. double-tuned. open 
faced transfonner when ferrous and/or conductive nonfer 
rous substrates are placed across the gap between the 
transformer pole-faces. Both the coating thickness and mag 
netic character of the substrate can be determined in one 
operation without ambiguity, and without any change in the 
instrument, due to the ability of the device to vary its overall 
frequency response in accordance with changes in its self 
inductance and mutual-inductance. Because the Smoot coat 
ing thickness gauge requires the use of an open-faced 
transformer to measure a coating thickness over ferrous and 
over conductive nonferrous substrates. and requires the 
coated substrates to be placed across the relatively large gap 
between the transformer pole faces. the Smoot device nec 
essarily makes contact with the coated substrate in at least 
two places, and the area of contact between the Smoot 
device and the coated surface is therefore relatively large. 
Since the Smoot coating thickness gauge does not use a Hall 
generator or an eddy current search coil to conduct either of 
the coating thickness measurements, the Smoot device can 
not be compactly fit into a single gauge probe that contacts 
the coated surface in at most one place with a much smaller 
area of contact. There is thus a need for a compact coating 
thickness gauge probe that tests for a ferrous substrate. using 
a Hall generator. and tests for a nonferrous substrate. using 
an eddy current search coil, switching automatically from 
one to the other in order to measure a coating thickness over 
ferrous and over conductive nonferrous substrates, the gauge 
probe contacting the surface of the coated substrate in at 
most one place with a relatively small area of contact. 
US. Pat. No. 4,255,709 to Zatsepin et at. discloses a 

device for measuring the thickness of coatings which, 
depending on a speci?c application. employs a different type 
of thickness gauge, such as electromagnetic, microwave. 
and ultrasonic, for example. The device measures the thick 
ness of dielectric coatings applied onto metal articles and 
nonmagnetic electrodeposits on ferromagnetic articles. With 
an appropriately selected thickness gauge. the device mea 
sures the thickness of nonmagnetic, current-carrying coat 
ings on nonmagnetic, current-carrying materials. The Zat 
sepin et at. coating thickness gauge system employs an 
automatic measurement range switching unit, but the auto 
matic measurement range switching is used to automatically 
switch from one thickness measurement range to another 
without regard to the magnetic character of the underlying 
substrate. The Zatsepin et at. coating thickness gauge system 
uses manual, not automatic, switching of thickness gauges 
depending on the magnetic character of the substrate. There 
is thus a need for a single gauge probe for a combination 
coating thickness gauge that enables automatic switching of 
coating thickness gauging modes depending on an automatic 
determination of the nature of the underlying substrate. 
US. Pat. No. 4,722,142 to Schmidt discloses an apparatus 

for measuring the thickness of a coating that is not highly 
conductive, such as plastic. on the inside wall of a metallic 
tubular member, and throughout the length of the metallic 
tubular member. Preferably. the apparatus uses an electronic 
eddy current loss proximity detector to measure the coating 
thickness. 
US. Pat No. 5,015,950 to Rose et at. discloses a system 

for nondestructive analysis of barrier coatings on electrically 
conductive materials by imposing a controlled known heat 
load to a localized area of the coating and measuring the 
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changes in the electrical conductivity of the underlying 
material using an eddy current coil. The electrical conduc 
tivity of the material is atfected by changes in the tempera 
ture related to thermal conduction into the material through 
the coating. allowing the thickness of the coating. its thermal 
resistance. and/or its structural integrity to be analyzed, for 
any type of coating. 
Both the Schmidt and Rose et al. coating thickness gauge 

systems use eddy current detectors to measure coating 
thicknesses over conductive substrates, but neither the 
Schmidt nor the Rose et al. coating thickness gauge system 
uses a Hall generator to measure coating thicknesses over 
ferrous substrates. and hence neither the Schmidt nor the 
Rose et al. coating thickness gauge system uses automatic or 
manual switching of detectors depending on the magnetic 
character of the substrate. 

Accordingly. there is a need for a gauge probe for a 
combination coating thickness gauge for measuring both 
nonferrous coatings on ferrous substrates. using a Hall 
generator. and nonconductive coatings on conductive non 
ferrous substrates. using an eddy current search coil. that 
enables automatic switching of coating thickness gauging 
modes depending on an automatic determination of the 
nature of the underlying substrate. The gauge probe should 
contact the surface of the coated substrate in at most one 
place with a relatively small area of contact. 

SUMMARY OF THE DISCLOSURE 

A handheld combination coating thickness gauge is able 
to measure both a nonferrous coating on a ferrous substrate 
and a nonconductive coating on a conductive nonferrous 
substrate. The gauge probe enables the combination coating 
thickness gauge to determine automatically. with a single 
probe. the substrate characteristics. and to eifect a measure 
ment of the coating thickness on that substrate. The gauge 
probe integrates the sensors required to eifect both types of 
measurement in one probe. 

The technique used to measure coatings on a ferrous 
substrate utilizes a permanent magnet to provide a constant 
magnetic ?ux and a Hall sensor and thermistor arranged to 
measure the temperature-compensated magnetic ?ux density 
at one of the poles of the permanent magnet. The ?ux density 
at the magnet pole corresponds to a nonferrous coating 
thiclmess on a ferrous substrate. 

The technique used to measure nonconductive coatings on 
a conductive nonferrous substrate utilizes eddy current 
etfects. A coil near the gauge probe tip is excited by an 
alternating current oscillating between about 6 MHz and 
about 12 MHz. The coil sets up eddy currents on the surface 
of the conducting substrate. The resulting eddy currents set 
up an opposing magnetic ?eld which in turn has an e?’ect on 
the excited coil. The eddy current e?ects on the coil are 
quanti?ed by measuring the impedance of the coil. and the 
degree of the eddy current effects on the coil are related to 
the nonconductive coating thickness on a conductive sub 
strate. The coil impedance corresponds to a nonconductive 
coating thickness on a conductive substrate. 
The gauge probe detects the substrate type. automatically 

switches to the appropriate measuring mode. and automati 
cally determines the coating thickness on the detected sub 
strate. 
The gauge probe of the present invention is advanta 

geously used in a coating thickness gauge that tests for a 
ferrous substrate. measuring the temperature-compensated 
magnetic ?ux density at a pole of a permanent magnet using 
a Hall generator and a thermistor. The magnetic ?ux density 
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4 
and temperature measurements are converted into a 
temperature-compensated magnetic ?ux density value that is 
proportional to the coating thickness on the ferrous sub 
strate. If no ferrous substrate is detected. the coating thick 
ness gauge automatically switches over to test for a con 
ductive nonferrous substrate. measuring the e?’ects of eddy 
currents generated in the conductive nonferrous substrate by 
the coating thickness gauge magnetic ?elds using an eddy 
current search coil. The eddy current measurements are 
converted into an eddy current frequency value that is 
proportional to the coating thickness on the conductive 
nonferrous substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the present invention 
will become apparent to one of ordinary skill in the art to 
which the invention pertains from the following detailed 
description when read in conjunction with the drawings. in 
which: 

FIG. 1 (a) is a cross section of a probe of the present 
invention taken along line IA—IA in FIG. 1(b); 

FIG. 1(b) is a cross section of a probe of the present 
invention taken along line IB-IB in FIG. 1 (a); 

FIG. 2 is a representation of an arrangement of currents 
and ?elds useful for illustrating the Hall elfect', 

FIG. 3(a) is a diagrammatic representation of magnetic 
field lines of a permanent magnet that is a distance d1 above 
a ferrous substrate; 

FIG. 3(b) is a diagrammatic representation of magnetic 
?eld lines of a permanent magnet that is a distance d2 above 
a ferrous substrate, where d.z<d1 in FIG. 3(a); 

FIG. 4(a) is a cross section of an eddy current coil for use 
in an embodiment of the present invention taken along line 
IIIA-IIIA in FIG. 4(b); 

FIG. 4(b) is a cross section of an eddy current coil for use 
in an embodiment of the present invention taken along line 
IIIB—-I1IB in FIG. 4(a); 

FIG. 5(a) is a diagrammatic representation of magnetic 
?eld lines of an electromagnetic coil that is a distance Dl 
above a nonferrous conductive substrate; 

FIG. 5(b) is a diagrarmnatic representation of magnetic 
?eld lines of an electromagnetic coil that is a distance D2 
above a nonferrous conductive substrate. where D2<Dl in 
FIG. 5(a); 

FIG. 6 is a diagrammatic representation of a controller for 
a gauge according to an embodiment of the present inven 
tion; and 

FIG. 7 illustrates a ?ow of operational steps taken by the 
controller shown in FIG. 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODINIENTS 

FIGS. 1 (a) and (b) show in cross section an embodiment 
of a gauge probe in accordance with the present invention. 
The cross sections are taken along line IA-IAin FIG. 1(b). 
and along line IB-IB in FIG. 1(a). respectively. A cylin 
drical probe shell 20 surrounds a cylindrical probe core 10. 
Probe core 10 comprises an annular eddy current search coil 
60 compactly encompassing a cylindrical Hall etfect mag 
netic sensor 50. The eddy current search coil 60 is embedded 
in thermally conductive epoxy 80. attaching the eddy current 
search coil 60 to the probe core 10. and allowing heat 
generated when the eddy current search coil 60 is excited to 
dissipate. When excited by an alternating current with a 
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suf?ciently high frequency (greater than about 1000 Hz). the 
eddy current search coil 60 generates eddy currents from the 
surface of an underlying conductive substrate down to about 
the penetration depth of the substrate. The penetration depth 
of the substrate depends on the frequency of the alternating 
current exciting the eddy current search coil 60, and varies 
from one substrate to another. In the gauge probe according 
to the present invention. the eddy current search coil 60 can 
be excited by an alternating current of su?iciently high 
frequency to reduce the depth of penetration of eddy cur 
rents into the conductive substrate so as to provide an eddy 
current effect measurement that is substantially immune to 
substrate thickness variations. 
The Hall effect magnetic sensor 50 is disposed at one end 

of a cylindrical permanent magnet 30 in order to measure the 
magnetic flux density in the neighborhood of the pole face 
of magnet 30 nearest to the Hall effect magnetic sensor 50. 
The Hall effect is used to measure the magnetic ?eld Bi 
passing through the Hall effect magnetic sensor 50. The 
magnetic ?eld B,- is related to the magnetic ?ux density a 
passing through a surface according to 

where the integration extends over the relevant surface with 
differential surface element dA,-. 

FIG. 2 is a representation of an arrangement of currents 
and ?elds useful for illustrating the Hall e?iect. FIG. 2 shows 
a slab 400 of a conductor or a semiconductor with a 
thickness t in the z direction. a width w in the y direction, 
carrying a current density J x. in the x direction, sitting in a 
magnetic ?eld B1 in the z direction. The current density J, is 
composed of a density n of charge carriers. each charge 
carrier carrying a charge q. travelling with a drift velocity v, 
in the x direction. The Lorentz force Film": is given by 

where Ei is any electric ?eld to which the charge carders are 
subjected, and eijk is the completely antisymmetric tensor in 
three spatial dimensions. At ?rst. E is zero. and the Lorentz 
force Fi“"""‘=F,‘”""“=-qv,Bz=—(JA/n)Bz is in the negative 
y direction, causing the charge carriers to be de?ected in the 
negative y direction. As the charge carriers pile up on the 
face of slab 400 normal to the negative y direction. an 
electric ?eld E,=E,=v,Bz=(Ja/(nq))B: is established in the 
positive y direction neutralizing the overall net Lorentz force 
PPM“. leading to equilibrium. where the forces are exactly 
balanced 
The compensating electric ?eld E, gives rise to a Hall 

voltage VHMFWEY across slab 400, a manifestation of the 
Hall effect. that can be measured with sufficient accuracy. 
The Hall current 1nd,, ?owing through slab 400 is simply 
related to the current density 1,. since IHMFWLL. and. like 
the Hall voltage VHau. the Hall current 1H,". It can also be 
measured with su?icient accuracy. The Hall resistance RHau, 

[Hall _ 

where VHGIFWEFWUJ‘KIIQDBz and IHaf-wtJx have been 
used. is related to the Hall coe?icient R=(l/(nq) as shown. 
The Hall coefficient R has been experimentally determined 
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for many conducting and semiconducting materials. 
Therefore. knowing the Hall coef?cient R for the material of 
slab 400. and knowing the thickness t of slab 400. by 
measuring the Hall voltage Vmu and the Hall current Ina“ 
with sul?cient accuracy. the magnitude of the magnetic ?eld 
I."z passing through slab 400 can be detained. 
The Hall coef?cient R=( l/(nq) for a given material 

depends on the density n of charge carriers in the material. 
The density n of charge carriers in the material in turn 
depends on the temperate of the material. n=n(T) where T is 
the absolute temperature of the material. Therefore. as is 
well known, the measurement of magnetic ?elds using the 
Hall e?’ect can be very sensitive to the temperature of a Hall 
effect magnetic sensor. 
A thermistor 40 is disposed on the Hall effect magnetic 

sensor 50 and contacts the permanent magnet 30. Thermistor 
40 measures the temperature of the Hall e?‘ect magnetic 
sensor 50. and outputs the temperature measurement to 
controller 90. 
A probe tip 70 connected to probe core 10 protrudes 

through the bottom of the probe shell 20. Probe tip 70 serves 
as a spacer between probe core 10 and a surface of a coated 
substrate. keeping a known distance d between the coating 
surface and probe core 10. assuming that the axis of cylin 
drical symmetry of probe core 10 is kept substantially 
perpendicular to the planar surface of the coated substrate. 
The axis of cylindrical symmetry of probe core 10 is kept 
substantially perpendicular to the planar surface of the 
coated substrate preferably because such a configuration 
ensures greater uniformity in the measurement of the mag 
netic flux density c in Hall effect magnetic sensor 50. 
Because of probe tip 70. there will also be a known distance 
between Hall e?’ect magnetic sensor 50 and the coating 
surface. and there will be another known distance between 
the pole face of permanent magnet 30 nearest Hall effect 
magnetic sensor 50 and the coating surface. 
To effect a coating thickness indication. an operator places 

the probe tip '70 on the coating to be measured so that the 
axis of cylindrical symmetry of probe core 10 is substan 
tially perpendicular to the surface of the coated substrate. 
Controller 90 effects measurement of the magnetic ?ux 
density '1) at Hall effect magnetic sensor 50. Controller 90 
also effects measurement of the temperature T of Hall effect 
magnetic sensor 50. The pole face of the permanent magnet 
30 closest to the coating surface is oriented to be substan 
tially parallel to the coating sin-face. and the substantially 
parallel to the underlying substrate. further ensuring greater 
uniformity in the magnetic ?ux density (I) measurement. The 
magnetic ?ux density Q1 measurement is effected using Hall 
etfect magnetic sensor 50 attached to the pole face of 
permanent magnet 30. and the temperature measurement is 
effected using thermistor 40 attached to both Hall etfect 
magnetic sensor 50. and permanent magnet 30. 

Hall effect magnetic sensor 50 is connected to controller 
90 to indicate conventionally the magnetic ?ux density ¢ in 
the neighborhood of the pole face of permanent magnet 30. 
Similarly. the thermistor 40 is connected to controller 90 to 
indicate conventionally the temperature T of Hall effect 
magnetic sensor 50. Controller 90 conventionally converts 
the indicated magnetic ?ux density (1) and temperature T into 
a quantity that is proportional to the temperature 
compensated magnetic ?ux density om'pmm” in the neigh 
borhood of the pole face of permanent magnet 30. 

FIGS. 3(a) and (b) diagrammatically illustrate the mag 
netic ?eld lines 31 and the effect on magnetic ?ux density (I) 
at the pole face of permanent magnet 32 as the magnet 32 is 
brought near a ferrous substrate 100 whose surface 102 is 
substantially parallel to the pole face of the magnet 32. FIG. 
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3(a) shows magnet 32 at a distance d1 above a ferrous 
substrate 100 that is substantially parallel to the pole face of 
magnet 32. The magnetic ?ux density $1 is represented by 
the number of magnetic ?eld lines 31 passing through a 
plane segment A that has an area substantially the same as 
the area of the pole face of magnet 32. Plane segment A is 
located near the pole face of magnet 32. between the magnet 
32 and the ferrous substrate 100, and is substantially parallel 
to both the pole face of the magnet 32 and the ferrous 
substrate 100. 

Similarly. FIG. 3(b) shows magnet 32 at a distance d2 
above a ferrous substrate 100 that is substantially parallel to 
the pole face of magnet 32. The magnetic flux density (1)2 is 
represented by the number of magnetic ?eld lines 31 passing 
through the plane segment A that has an area substantially 
the same as the area of the pole face of magnet 32. Plane 
segment A is located near the pole face of magnet 32. 
between the magnet 32 and the ferrous substrate 100. and is 
substantially parallel to both the pole face of the magnet 32 
and the ferrous substrate 100. 
As magnet 32 gets closer to ferrous substrate 100. the 

number of magnetic ?eld lines 31 emanating from the pole 
face of magnet 32 that enter the highly permeable ferro 
magnetic ferrous substrate 100 increases. Thus, the number 
of magnetic ?eld lines 31 passing through plane segment A 
also increases as magnet 32 gets closer to ferrous substrate 
100. and therefore the magnetic ?ux density (1) increases as 
the distance d between magnet 32 and ferrous substrate 100 
decreases. FIGS. 3(a) and (b) illustrate that ¢2>¢1 since 
d2<d1. The magnetic ?ux density q> is reciprocally related to 
the distance d between magnet 32 and ferrous substrate 100. ‘ 
The correlation between the magnetic ?ux density ¢ mea 
sured and the distance d between magnet 32 and ferrous 
substrate 100 can be used to calibrate a gauge that deter 
mines the thickness of a nonferrous coating on a ferrous 
substrate 100. 
The thermistor 40 output of temperature T of Hall effect 

sensor 50 is used by controller 90 to e?’ect temperature 
compensation for the magnetic ?ux density <|> output from 
Hall e?’ect magnetic sensor 50 by using experimentally 
determined compensation factors for each combination of 
Hall e?ect magnetic sensor 50 and permanent magnet 30. 
The temperature-compensated magnetic ?ux density om” 
comp can be experimentally related to the distance dcomx 
between the probe tip 70 and an underlying ferrous sub 
strate. A mathematical relationship. preferably of the form 

1 W“ ( FT) 
where v. is an adjustable exponent. can be determined to 
approximately ?t the experimental points. Using the experi 
mentally determined mathematical relationship. controller 
90 gauges the coating thickness dm’ing of a nonferrous 
coating from measurements of the temperature-compensated 
magnetic ?ux density ¢"""’°°""’. 
Eddy current search coil 60 is constructed as shown in 

FIGS. 4(a) and (b). and coil 60 is positioned parallel to the 
coating and substrate for better uniformity in the measure 
ments across the area of coil 60 spanned by the inside 
diameter shown in FIG. 4(a). Preferably. coil 60 is made 
from about 60 turns of 39 AWG Wire wound in a pancake 
con?guration with an inside diameter of about 3 mm. an 
outside diameter of about 5.25 mm a thickness of about 0.5 
mm. Eddy current search coil 60 is wound around Hall e?’ect 
magnetic sensor 50. as shown in FIGS. 1(a) and (b). thereby 
saving space. making for a compact probe core 10. and thus 
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8 
a compact gauge probe. A compact gauge probe offers the 
advantage of only requiring at most one relatively small area 
of contact with the coated substrate. the area of contact being 
determined by the area of probe tip 70 at the point of contact 
with the coated substrate. A small area of contact is particu 
larly advantageous when gauging the coating thickness of a 
heated coated substrate. Furthermore. disposition of coil 60 
as close as possible to probe tip 70. and hence as close as 
possible to the surface of the coated substrate. reduces the air 
gap between coil 60 and the eddy currents induced in the 
substrate thereby strengthening the magnetic coupling 
between coil 60 and the induced eddy currents and making 
for more accurate measurements of the mutual in?uences 
that coil 60 and the induced eddy currents have on each 
other. 

Eddy current search coil 60 is excited by an alternating 
current oscillating with a frequency between about 6 MHz 
and about 12 MHz, setting up eddy currents on, or near. the 
surface of the conductive substrate 110. The eddy currents 
induced by the coil 60 in turn create an opposing magnetic 
?eld according to Lenz’s law. Eddy current search coil 60 
thus senses a net magnetic ?ux density <b"" that is the 
ditference between the exciting magnetic ?ux density cm” 
and the eddy current magnetic ?ux density c’ddy according 
to the equation 

which exhibits the explicit dependencies of the magnetic 
?ux densities (1) on time t and on the height 2 of coil 60 above 
the planar surface of the nonferrous conductive substrate 
that is normal to the symmetry axis of coil 60. The net 
magnetic ?ux density d) linking coil 60 a?ects the impedance 
2”" of coil 60. 

FIGS. 5(a) and (b) diagrammatically illustrate the instan 
taneous magnetic ?eld lines 31 and the effect on net mag 
netic flux density 011"“ linking coil 60 as coil 60 is brought 
near a nonferrous conductive material 110 whose surface 
112 is substantially parallel to the area coil 60. The instant 
in time depicted in FIGS. 5(a) and (b) is the instant that the 
magnetic ?eld induced by the coil achieves a maximal value 
pointing downward. FIG. 5(a) shows coil 60 at a distance D1 
above the surface 112 of a nonferrous conductive substrate 
110 that is substantially parallel to the area of coil 60. The 
instantaneous magnetic ?ux density we" at distance D1 is 
represented by the number of downward pointing magnetic 
?eld lines 31 passing through coil 60. The instantaneous 
eddy current magnetic ?ux density o’dd” at distance D1 is 
represented by the number of upward pointing magnetic 
?eld lines 31 passing through coil 60. the instantaneous eddy 
currents 32 being shown on surface 112. 

Similarly. FIG. 5(b) shows coil 60 at a distance D2 above 
the surface 112 of a nonferrous conductive substrate 110 that 
is substantially parallel to the area of coil 60. The instanta 
neous magnetic ?ux density draw" at distance D2 is repre 
sented by the number of downward pointing magnetic ?eld 
lines 31 passing through coil 60. The instantaneous eddy 
current magnetic ?ux density tp'ddy at distance D2 is repre 
sented by the number of upward pointing magnetic ?eld 
lines 31 passing through coil 60. the instantaneous eddy 
currents 32 being shown on surface 112. 
As coil 60 gets closer to nonferrous conductive substrate 

110. the net number of magnetic ?eld lines 31 linking coil 
60 decreases. Thus. the number of magnetic ?eld lines 31 
passing through the area of coil 60 also decreases as coil 60 
gets closer to nonferrous conductive substrate 110. and 
thmefore the net magnetic ?ux density om‘ decreases as the 
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distance D between coil 60 and nonferrous conductive 
substrate 110 decreases. FIGS. 5(a) and (b) illustrate that the 
net magne’u'c ?ux density on": “Cm-fa” decreases since 
D2<D1. The magnetic ?ux density W is directly related to 
the distance D between coil 60 and nonferrous conductive 
substrate 110. The correlation between the magnetic ?ux 
density clan“ measured and the distance D between coil 60 
and nonferrous conductive substrate 110 can be used to 
calibrate a gauge that determines the thickness of a noncon 
ductive coating on a nonferrous conductive substrate 110. 

Thus, as coil 60 is brought closer to the planar surface 112 
of nonferrous conducting substrate 110 that is normal to the 
symmetry axis of coil 60. more of the eddy current magnetic 
flux density (teddy links coil 60 thereby decreasing the overall 
net magnetic ?ux density ¢"" linking coil 60. Since the 
impedance 2”" of coil 60 is proportional to the net magnetic 
?ux density qr" linking coil 60. the impedance 2”" of coil 
60 will therefore depend on the distance of coil 60 from the 
surface of the conductive substrate 110. 

Controller 90 connected to coil 60 conventionally mea 
sures the impedance 2”“ of coil 60. The measured imped 
ance 26°“ of coil 60 can be experimentally related to the 
distance D“""“"‘8 between the probe tip 70 and an underlying 
conductive substrate. A mathematical relationship, prefer 
ably of the form 

where F, is an adjustable exponent. can be determined to 
approximately ?t the experimental points. Using the experi 
mentally determined mathematical relationship, controller 
90 gauges the coating thickness D"’“ of a nonconductive 
coating from measurements of the impedance 2”“ of coil 
60. 
As shown in FIGS. 1(a) and (b), and in FIG. 6, controller 

90 receives inputs from, and directs control commands to. 
Hall effect magnetic sensor 50, thermistor 40. and eddy 
current search coil 60. Controller 90 also outputs signals to 
indicator 95 to indicate the gauged coating thickness. Con 
troller 90 receives input signals from user interface 120. 
Electrical connections in FIG. 6 are indicated by solid 
arrows. Thermal connections in FIG. 6 are indicated by 
dotted arrows. In a preferred embodiment according to the 
present invention. thermal connections between eddy cur 
rent search coil 60, thermistor 40, Hall effect magnetic 
sensor 50. and permanent magnet 30 are provided by ther 
mally conductive epoxy 80. as shown in FIG. 1(b). 

In a preferred embodiment according to the present 
invention. controller 90 comprises a suitable conventional 
microprocessor equipped with the requisite Input/Output 
communication ports. Controller 90 limits the range of 
indication of dm'mg on a ferrous substrate to a predeter 
mined arbitrary value dm“ such that for indications of 
d“"“""‘8 on a ferrous substrate above d'm" controller 90 
automatically switches over and attempts to measure the 
coating thickness using conventional eddy current tech 
niques that employ eddy current search coil 60. The prede 
termined arbitrary value d"“" is stored conventionally in a 
memory storage area of controller 90. For example. in a 
preferred embodiment of a gauge according to the present 
invention useful for gauging coating thicknesses of up to 
about 60 mils (about 1.524 ram), a preferred value of d”'‘”‘ 
is about 80 mils (about 2.032 mm). 

Physically. the effect of eddy currents induced in an 
underlying nonferrous conductive substrate on an external 
magnetic ?eld in the vicinity of the substrate is the same 
whether the external magnetic ?eld is produced by a per 
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manent magnet. such as permanent magnet 30. or produced 
by an electromagnetic coil. such as coil 60. As shown in FIG. 
5(b). Lenz’s law dictates that the net e?ect of the magnetic 
?eld produced by the induced eddy currents 32 in the 
conductive substrate is to reduce the net number of magnetic 
?eld lines 31 passing through plane segment A. subtracting 
the number of upward pointing magnetic ?eld lines passing 
through plane segment A from the number of downward 
pointing magnetic ?eld lines passing through plane segment 
A. Therefore. the net magnetic ?ux density om decreases as 
-a result of the eddy currents induced in the conductive 
substrate. The reduction in the net magnetic ?ux density cm 
as a result of the eddy currents 32 induced in the conductive 
substrate becomes more pronounced the closer probe tip '70 
gets to the underlying conductive substrate. and thus 
becomes more pronounced for thinner coatings. The 
decrease in the net magnetic ?ux density (PM. as a result of 
the eddy currents 32 induced in an underlying conductive 
substrate. as the distance d between probe tip 70 and the 
underlying substrate decreases is exactly opposite to the 
increase in the net magnetic ?ux density 0''" as the distance 
d between probe tip 70 and an underlying ferrous substrate 
decreases. Whenever the temperature-compensated mag 
netic ?uxdensity o’mpmmp corresponds to a coating thick 
ness dm'mg that exceeds the threshold predetermined value 
dm“. controller 90 automatically assumes that instead of 
there being an excessively thick nonferrous coating with 
thickness d’“ overlying a ferrous substrate there must be an 
underlying conductive substrate. Therefore. controller 90 
automatically switches over to directly and accurately mea 
sure the induced eddy current etfects and thereby determine 
the thickness Dwmg of the nonconductive coating overly 
ing the nonferrous conductive substrate. 

If an operator knows beforehand that only a measurement 
of a nonconductive coating on a conductive substrate is 
required. the operator can lock controller 90 using user 
interface 120 so that only coating thickness measurements 
using eddy current search coil 60 are made. If controller 90 
is not locked by the operator, then controller 90 ?rst deter 
mines the temperature-compensated magnetic ?ux density 
dam“? and tests to see whether d‘w’mg is greater than d'''”" 
before measuring the induced eddy current effects. 

Operationally. FIG. 7 illustrates a ?ow of steps taken by 
controller 90. Controller 90 tests to see whether the lock has 
been set at step 990. If the lock is ON. controller 90 goes to 
step 1060. Ifthe lock is OFF, controller 90 goes to step 1000. 
Controller 90 energizes the Hall etfect magnetic sensor 50 
and the magnetic ?ux density ¢ measured by Hall effect 
magnetic sensor 50 is input to controller 90 at step 1000. The 
temperature T measured by thermistor 40 is input to con 
troller 90 at step 1010. Controller 90 uses the input magnetic 
?ux density ¢ and temperature T to determine the 
temperature-compensated magnetic ?ux density qtm'm’ at 
step 10220. Controller 90 relates temperature-compensated 
magnetic flux density ow” to the distance dm" 
between probe tip 70 and an underlying ferrous substrate at 
step 1030. Preferably. controller 90 relates temperature 
compensated magnetic ?ux density ¢”"'P“’""’ distance 41”” 
ing at step 1030 using the mathematical relationship 

vm 

_ 1 

W"’~km'( ‘ ) 
where km is an experimentally determined constant of 
proportionality. and whm'e VEXP is an experimentally deter 
mined exponent. 

Controller 90 tests to see whether the distance dmg 
calculated at step 1030 is greater than a predetermined 
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maximum value d'''‘” at step 1040. Ifdistance dm’mg is not 
greater than the predetermined maximum value d""'"‘. then 
controller 90 signals indicator 95 at step 1050 to indicate 
distance d‘w'm as the gauged thickness of a nonferrous 
coating on a ferrous substrate. Controller 90 then returns to 
step 900. where controller 90 tests to see whether the lock 
has been set. 

If the test at step 1040 reveals that d"""""'3 is greater than 
the predetermined maximum value d"‘“”. then controller 90 
excites eddy current search coil 60 and inputs the net 
magnetic ?ux density ¢""=¢‘“‘”—¢“”’ at step 1060. Con 
troller 90 relates net magnetic ?ux density qr" the distance 
Dm'mg between probe tip 70 and an underlying nonferrous 
conductive substrate at step 1070. Preferably. controller 90 

10 

relates net magnetic flux density (law the distance Dm‘b'g at 15 
step 1070 using the mathematical relationship 

where KEXP is an experimentally determined constant of 
proportionality and where an, is an experimentally deter 
mined exponent. 

Controller 90 tests to see whether the distance D‘m‘i“ 
calculated at step 1070 is greater than a predetermined 
maximum value D’"“’‘ at step 1075. If distance Dawn-"8 is not 
greater than the predetermined maximum value D’'"”‘. then 
controller 90 signals indicator 95 at step 1080 to indicate 
distance D‘‘’“"'‘ as the gauged thickness of a nonconductive 
coating on a nonferrous conductive substrate. Controller 90 
then returns to step 900. where controller 90 tests to see . 
whether the lock has been set. 

If the test at step 1040 reveals that D‘w'ing is greater than 
the predetermined maximum value D"“"‘. then controller 90 
signals indicator 95 at step 1085 to indicate an invalid 
reading. Controller 90 then retln'ns to step 900. where 
controller 90 tests to see whether the lock has been set. 
An alternative embodiment of a gauge probe according to 

the present invention replaces the permanent magnet 30 with 
a cylindrical ferromagnetic core piece. In this alternative 
embodiment. coil 60 is wound around the end of the 
cylindrical ferromagnetic core piece closest to Hall effect 
magnetic sensor 50 rather than being wound around Hall 
effect magnetic sensor 50. When controller 90 excites coil 
60 wound around the cylindrical ferromagnetic core piece 
with a zero frequency current. a direct current (D.C.). an 
electromagnet is formed that effectively takes the place of 
permanent magnet 30 in the foregoing preferred embodi 
ment. In this alternative embodiment. controller 90 ensures 
that coil 60 is excited with D.C. at substantially the same 
time that Hall effect magnetic sensor 50 is energized while 
the gauge sensor is attempting to gauge the thickness of a 
nonferrous coating overlying a ferrous substrate. 
The present invention has been described above in terms 

of speci?c embodiments. It will be readily appreciated by 
one of ordinary skill in the art. however. that the invention 
is not limited to these embodiments. and that. in fact. the 
principles of the invention may be embodied and practiced 
in devices and methods other than those speci?cally 
described above. For example. the foregoing references to a 
“ferrous substrate” should be understood to include more 
generally a “magnetic substrate". and the like. and refer 
ences to a “nonferrous coating" should be understood to 
include more generally a “nonmagnetic coating”. and the 
like. Therefore. the invention should not be regarded as 
being limited to these speci?c embodiments. but instead 
should be regarded as being fully commensurate in scope 
with the following claims. Furthermore. any element in the 
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12 
following claims expressed as a means or step for perform 
ing a speci?ed function without the recital of structure. 
material. or acts in support thereof shall be construed to 
cover the corresponding structure. material. or acts 
described herein and equivalents thereof. 
What is claimed is: 
1. A coating thickness gauge for measuring both a non 

ferrous coating on a ferrous substrate and a nonconductive 
coating on a conductive nonferrous substrate. comprising: 

a permanent magnet having a pole face; 
a magnetic ?ux density sensor disposed near the pole face 

of said permanent magnet so as to sense a magnetic 
?eld in a neighborhood of said pole face; 

an eddy current search coil disposed around the neigh 
borhood of said pole face; and 

control means for receiving inputs from said magnetic 
flux density sensor and said eddy current search coil. 
selecting one of said inputs for calculating a coating 
thickness. and calculating a coating thickness based on 
the selected input. 

2. The gauge of claim 1. wherein said magnet. sensor. and 
eddy current search coil are located in a single gauge probe. 

3. The gauge of claim 2. further comprising: 
a temperature sensor connected to said magnetic ?ux 

density sensor so as to sense temperature in a neigh 
borhood of said magnetic ?ux density sensor. 

4. A coating thickness gauge for measuring both a non 
ferrous coating on a ferrous substrate and a nonconductive 
coating on a conductive nonferrous substrate. comprising: 

a permanent magnet having a pole face; 
magnetic ?ux density sensor means disposed near the pole 

face of said permanent magnet for sensing a magnetic 
?eld in a neighborhood of said pole face; 

an eddy current search coil disposed around the neigh 
borhood of said pole face; 

temperature sensor means connected to said magnetic ?ux 
density sensor means for sensing temperature in a 
neighborhood of said magnetic ?ux density sensor 
means. wherein said sensed temperature can be used to 
compensate a magnetic ?eld measurement of said mag 
netic flux density sensor; and 

control means for receiving inputs from said magnetic 
flux density sensor means and said eddy current search 
coil. selecting one of said inputs for calculating a 
coating thickness. and calculating a coating thickness 
based on said selected input. 

5. The gauge of claim 1. wherein the magnetic ?ux 
density sensor is a Hall effect magnetic sensor. 

6. The gauge of claim [1] 3. wherein the temperature 
sensor is a thermistor. 

7. The gauge of claim 4. wherein the magnetic ?ux 
density sensor means is a Hail e?ect magnetic sensor. 

8. The gauge of claim 4. wherein the temperature sensor 
means is a thermistor. 

9. A gauge probe for a combination coating thickness 
gauge that allows the combination coating thickness gauge 
to measure both a nonferrous coating on a ferrous substrate 
and a nonconductive coating on a conductive nonferrous 
substrate. the gauge probe enabling the combination coating 
thickness gauge to determine automatically. with a single 
probe. substrate characteristics. and to e?’ect a measurement 
of coating thickness on said characterized substrate. the 
gauge probe comprising: 

a permanent magnet having a pole face; 
a Hall effect magnetic sensor disposed near the pole face 

of said permanent magnet so as to sense a magnetic 
field in a neighborhood of said pole face; 
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an eddy current search coil disposed around the neigh 
borhood of said pole face; 

a thermistor connected to said Hall eifect magnetic sensor 
so as to sense temperature in a neighborhood of said 
Hall effect magnetic sensor, wherein said sensed tem 
perature can be used to compensate a magnetic ?ux 
density measurement; and 

control means for receiving inputs from said Hall etfect 
magnetic sensor, said eddy current search coil and said 
thermistor and for determining the substrate character 
istics and the coating thickness based on one or more of 
said inputs. 

10. A gauge probe for a combination coating thickness 
gauge that allows the combination coating thickness gauge 
to measure both a nonferrous coating on a ferrous substrate 
and a nonconductive coating on a conductive nonferrous 
substrate, the gauge probe enabling the combination coating 
thickness gauge to determine automatically, with a single 
probe. substrate characteristics, and to effect a measurement 
of coating thickness on said characterized substrate. the 
gauge probe comprising: 

a permanent magnet having a pole face; 
Hall e?’ect magnetic sensor means disposed near the pole 

face of said permanent magnet for sensing a magnetic 
?eld in a neighborhood of said pole face; 

an eddy current search coil disposed around the neigh 
borhood of said pole face; 

thermistor means connected to said Hall elfect magnetic 
sensor means for sensing temperature in a neighbor 
hood of said Hall e?ect magnetic sensor means, 
wherein said sensed temperature can be used to com 
pensate a magnetic ?ux density measurement; and 

control means for receiving inputs from said Hall eti‘ect 
magnetic sensor. said eddy current search coil and said 
thermistor and for determining the substrate character 
istics and the coating thickness based on one or more of 
said inputs. 

11. A method for gauging thickness of both a nonferrous 
coating on a ferrous substrate and a nonconductive coating 
on a conductive nonferrous substrate, using a coating thick 
ness gauge, the gauge probe enabling the combination 
coating thickness gauge to determine automatically, with a 
single probe, substrate characteristics, and to etfect a mea 
surement of coating thickness on said characterized 
substrate, the method comprising the steps of: 

placing the probe on a coating that is on a substrate; 
determining if the substrate is ferrous by measuring a 

magnetic ?ux density at a pole of a permanent magnet 
disposed in said gauge probe; 

if it is determined that the substrate is ferrous. using said 
magnetic ?ux density to determine the coating thick 
ness; 

if it is determined that the substrate is not ferrous, then 
measuring effects of eddy currents generated in the 
substrate to determine the coating thickness. 

12. The method of claim 11, further comprising the steps 
of: 

effecting temperature compensation of the magnetic ?ux 
density using a temperature sensor. 

13. The gauge of claim 1, wherein the eddy current search 
coil comprises about 60 turns of 39 AWG wire wound in a 
pancake con?guration with an inside diameter of about 3 
mm, an outside diameter of about 5.25 mm. a thickness of 
about 0.5 mm. 

14. The gauge of claim 1, wherein the eddy current search 
coil is excited by an alternating current oscillating with a 
frequency between about 6 MHz and about 12 MHz. 
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15. A gauge probe for a combination coating thickness 

gauge that allows the combination coating thickness gauge 
to measure both a nonferrous coating on a ferrous substrate 
and a nonconductive coating on a conductive nonferrous 
substrate, the gauge probe enabling the combination coating 
thickness gauge to determine automatically, with a single 
probe, substrate characteristics. and to etfect a measurement 
of coating thickness on said characterized substrate. the 
gauge probe comprising: 

a controller; 
a permanent magnet connected to said controller; 
a Hall effect magnetic sensor connected to said controller. 

wherein said Hall etfect magnetic sensor is disposed 
near a pole face of said permanent magnet so as to 
sense a magnetic ?eld in a neighborhood of said pole 
face; 

an eddy current search coil connected to said controller. 
wherein said eddy current search is disposed around the 
neighborhood of said pole face; and 

a thermistor connected to said controller, wherein said 
thermistor is connected to said Hall effect magnetic 
sensor so as to sense temperature in a neighborhood of 
said Hall e?ect magnetic sensor, wherein said sensed 
temperature can be used to compensate a magnetic ?ux 
density measurement. 

16. A gauge probe for a combination coating thickness 
gauge that allows the combination coating thickness gauge 
to measure both a nonferrous coating on a ferrous substrate 
and a nonconductive coating on a conductive nonferrous 
substrate, the gauge probe enabling the combination coating 
thickness gauge to determine automatically, with a single 
probe. substrate characteristics. and to effect a measurement 
of coating thickness on said characterized substrate. the 
gauge probe comprising: 

controller means; 
a permanent magnet connected to said controller; 
Hall etfect magnetic sensor means connected to said 

controller means. wherein said Hall effect magnetic 
sensor means is disposed near a pole face of said 
permanent magnet for sensing a magnetic ?eld in a 
neighborhood of said pole face; 

an eddy current search coil connected to said controller 
means, wherein said eddy current search coil is dis 
posed around the neighborhood of said pole face; and 

thermistor means connected to said controller means. 
wherein said thermistor means is connected to said Hall 
effect magnetic sensor means for sensing temperature 
in a neighborhood of said Hall elfect magnetic sensor 
means, wherein said sensed temperature can be used to 
compensate a magnetic ?ux density measurement. 

17. The gauge probe for a combination coating thickness 
gauge of claim 15, the gauge probe further comprising: 

an indicator connected to said controller. wherein said 
indicator indicates said measurement of coating thick 
ness on said characterized substrate. 

18. The gauge probe for a combination coating thickness 
gauge of claim 16. the gauge probe further comprising: 

indicator means connected to said controller means. 
wherein said indicator means indicates said measure 
ment of coating thickness on said characterized sub 
strate. 

19. The gauge probe for a combination coating thickness 
gauge of claim 15, the gauge probe further comprising: 

a user interface connected to said controller, wherein said 
user interface facilitates an interface between an opera 
tor and said controller. 



Re. 35,703 
15 

20. The gauge probe for a combination coating thickness 
gauge of claim 16. the gauge probe further comprising: 

user interface means connected to said controller means. 
wherein said user interface means facilitates an inter 
face between an operator and said controller means. 

21. A coating thickness gauge for measuring both a 
nonferrous coating on a ferrous substrate and a noncon 
ductive coating on a conductive nonferrous substrate, com 
prising." 

a magnet having a pole face; 
a magnetic flux density sensor disposed near the pole face 

of said magnet so as to sense a magnetic ?eld in a 
neighborhood of said pole face; 

an eddy current search coil disposed around the neigh 
borhood of said pole face; and 

control means for recei ving inputs from said magnetic flux 
density sensor and said eddy current search coil, select 
ing one of said inputs for calculating a coating 
thickness, and calculating a coating thickness based on 
the selected input. 

22. The gauge of claim 21, wherein said magnet, sensor; 
and eddy current search coil are located in a single gauge 
probe. 

23. The gauge of claim 22, further comprising: 
a temperature sensor connected to said magnetic flux 

density sensor so as to sense temperature in a neigh» 
borhood of said magnetic ?ux density sensor: 

24. A coating thickness gauge for measuring both a 
nonferrous coating on a ferrous substrate and a noncon 
ductive coating on a conductive nonferrous substrate, com 
prising: 

a magnet having a pole face; 
magnetic?ux density sensor means disposed near the pole 
face of said magnet for sensing a magnetic ?eld in a 
neighborhood of said pole face; 

an eddy current search coil disposed around the neigh 
borhood of said pole face; 

temperature sensor means connected to said magnetic 
?ux density sensor means for sensing temperature in a 
neighborhood of said magnetic ?ux density sensor 
means, wherein said sensed temperature can be used to 
compensate a magnetic ?eld measurement of said mag 
netic flux density sensor means; and 

control means for recei ving inputs from said magnetic ?ux 
density sensor means and said eddy current search coil, 
selecting one of said inputs for calculating a coating 
thiclmess, and calculating a coating thickness based on 
said selected input. 

25. A method for gauging thickness of both a nonferrous 
coating on a ferrous substrate and a nonconductive coating 
on a conductive nonferrous substrate, using a gauge probe 
fora combination coating thickness gauge, the gauge probe 
enabling the combination coating thiclmess gauge to deter 
mine automatically, with a single probe, substrate 
characteristics, and to eject a measurement of coating 
thickness on said characterized substrate, the method com 
prising the steps of: 

placing the gauge probe on a coating that is on a 
substrate; 

detemzining if the substrate is ferrous by measuring a 
magnetic flux density at a pole of a magnet disposed in 
said gauge probe; 
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if it is determined that the substrate is ferrous, using said 

magnetic flux density to determine the coating thick 
ness; 

if it is detemtined that the substrate is not ferrous, then 
measuring e?’ects of eddy currents generated in the 
substrate to detemu'ne the coating thickness. 

26. The method of claim 25, further comprising the step 
of: 

e?ecting temperature compensation of the magnetic ?ux 
density using a temperature sensor: 

27. An automatic combination coating thickness gauge 
for measuring both a nonferrous coating on a ferrous 
substrate and a nonconductive coating on a conductive 
nonferrous substrate, comprising: 

a magnet having a pole face; 
a magnetic ?ux density sensor disposed near the pole face 

of said magnet so as to sense a magnetic ?eld in a 
neighborhood of said pole face; 

an eddy current search coil disposed around the neigh 
borhood of said pole face; and 

control means for receiving inputs from said magnetic ?ux 
density sensor and said eddy current search coil, auto 
matically selecting one of said inputs for calculating a 
coating thickness, and calculating a coating thickness 
based on the selected input. 

28. The gauge of claim 2 7, wherein said magnet, sensor; 
and eddy current search coil are located in a single gauge 
probe. 

29. The gauge of claim 28, further comprising: 
a temperature sensor connected to said magnetic flux 

density sensor so as to sense temperature in a neigh 
borhood of said magnetic flux density sensor: 

30. A method for gauging thickness of both a nonferrous 
coating on a ferrous substrate and a nonconductive coating 
on a conductive nonferrous substrate, using a gauge probe 
for an automatic combination coating thickness gauge, the 
gauge probe enabling the combination coating thickness 
gauge to determine automatically with a single probe, 
substrate characteristics, and to effect a measurement of 
coating thickness on said characterized substrate, the 
method comprising the steps of} 

placing the gauge probe on a coating that is on a 
substrate; 

determining if the substrate is ferrous by measuring a 
magnetic flux density at a pole of a magnet disposed in 
said gauge probe; 

if it is determined that the substrate is ferrous, using said 
magnetic flux density to determine the coating thick 
ness; 

if it is determined that the substrate is not ferrous, then 
automatically switching the gauge probe over to test for 
a conductive nonferrous substrate; and 

if it is determined that the substrate is a conductive 
nonferrous substrate, then measuring e?’ects of eddy 
currents generated in the substrate to determine the 
coating thicla'tess. 

31. The method of claim 30, further comprising the step 
60 of: 

e?’ecting temperature compensation of the magnetic flux 
density using a temperature sensor: 

* * * * * 


