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The invention relates to a method for determining the 
thickness of a coating on a composite material by applying 
induced currents characterized in that the composite material 
together With its coating is placed on a conducting material, 
in Which circulating electric currents induced by an alter 
nating magnetic ?eld are created, an indirect measurement 
being subsequently carried out based on the measurement of 
the lift-oiT effect that the coating, together With the compos 
ite material, offers in induced currents against the mentioned 
conducting material. 
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METHOD FOR DETERMINING THE 
THICKNESS OF A COATING ON A 

COMPOSITE MATERIAL 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
determining the thicknesses of coatings on composite mate 
rials by means of the application of induced currents. 

BACKGROUND OF THE INVENTION 

[0002] Induced currents or Eddy currents (also knoWn as 
parasitic currents or Foucault currents) are circulating elec 
tric currents induced by an alternating magnetic ?eld in an 
insulated conductor. Eddy currents are not induced on an 

insulating material, the alternating magnetic ?eld traversing 
the mentioned non-conducting material. 
[0003] The use of induced currents is currently Well 
knoWn as a non-destructive test method for determining the 
thicknesses of a non-conducting coating on a conducting 
metal, or the thickness of a non-magnetic metal coating on 
a magnetic metal. However, currently there is no reliable 
method for the application of induced currents in the mea 
surement of thicknesses on composite materials, such as 
carbon ?ber, because this material, although it is a conduc 
tor, has a very loW electric conductivity. 
[0004] Other type of techniques, such as ultrasound tech 
niques, have currently been proposed as non-destructive test 
methods for determining the thicknesses on composite mate 
rials, although this type of techniques use very complex 
equipment and have not provided reliable results. 
[0005] The present invention is oriented to the solution of 
these draWbacks. 

SUMMARY OF THE INVENTION 

[0006] The present invention proposes an indirect mea 
surement method for determining the thickness of a coating 
on a composite material, such as carbon ?ber, comprising 
the folloWing steps: 

[0007] arranging the composite material together With 
its coating in a planar con?guration such that it has a 
constant thickness in the measurement areas and com 

prises a coating-free area; 
[0008] arranging the side of the composite material 

Without coating on a sheet of conducting material of a 
constant thickness; 

[0009] generating induced currents on the conducting 
material by means of a multichannel type induced 
current generating equipment; 

[0010] choosing a loW frequency and high penetrating 
poWer probe to carry out the measurements, adjusting 
the gain thereof to the adjustment desired in the mea 
surement; 

[0011] carrying out the Zero calibration of the method 
by measuring the coating-free area of the composite 
material With the probe; 

[0012] carrying out a reference calibration by measur 
ing a calibrated composite material ?ber With the 
probe; 

[0013] carrying out the measurement of the composite 
material together With its coating With the probe; 

[0014] determining the thickness of the coating of the 
composite material taking into account the effect of the 
decrease of the intensity of the induced currents upon 
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traversing the composite material and the coating When 
said currents move aWay from the current generating 
equipment, based on the measurement of the lift-off 
effect that the coating and the composite material offer 
in induced currents against the sheet of conducting 
material. 

[0015] Other features and advantages of the present inven 
tion Will be disclosed in the folloWing detailed description of 
an illustrative embodiment of its object in relation to the 
attached ?gures. 

DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shoWs an on-screen representation of the 
Zero calibration of the measurement method object of the 
invention. 
[0017] FIG. 2 shoWs an on-screen representation of the 
calibration of the measurement method object of the inven 
tion using a 175 um Mylar polyester sheet as a reference. 
[0018] FIG. 3 shoWs a test piece used for testing the 
measurement method object of the invention. 
[0019] FIG. 4 shoWs a micrograph shoWing the roughness 
of a composite material With textured surface, constituting 
an additional dif?culty in the measurement method of the 
invention. 
[0020] FIG. 5 shoWs the micrographs performed on one of 
the test pieces examined With the measurement method of 
the invention. 
[0021] FIG. 6 shoWs the results curve obtained for the 
testing of the test pieces examined With the method object of 
the invention in comparison With real data. 
[0022] FIG. 7 shoWs the placing of the measuring probe on 
the composite material to be measured according to the 
measurement method of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The method for determining the thickness of a 
coating on a composite material, such as carbon ?ber, 
developed by the present invention, consists of carrying out 
an indirect measurement considering the composite material 
or carbon ?ber as a lift-off against a planar metal sheet, such 
as an aluminium alloy sheet. 
[0024] The method described in this invention can be 
applied to a Wide range of thicknesses of coatings ranging 
from 20 pm to 300 um, because in no case are they so thick 
that they cannot be traversed by the loW frequency technique 
proposed herein. 
[0025] Thin thicknesses of carbon ?ber, mainly l to 5 mm, 
alloW obtaining very reliable results in the measurement of 
the thicknesses of the coating, because they have a greater 
relative importance in the separation of variables. 
[0026] The aluminium sheet must have a suitable thick 
ness, preferably more than 2 mm and must not be plated. 
2024, 7075 sheets and the like, in different treatment con 
ditions, are suitable for carrying out the calibration and 
therefore the measurements. 
[0027] The results obtained With the present method are 
compared With micrographic cut measurements Which are 
determining in situations of con?ict. 

EXAMPLES 

[0028] The results obtained in a speci?c embodiment of 
the invention are set forth beloW, using a multichannel Zetec 
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MIZ-40 A as an induced current equipment, a Leica Q 550 
MW Image Analyzer as micrographic equipment, and an 
absolute Donut Nortec/R/100 Hz-1 kHz/0.50-1.00 inches, 
P/N 9215653/S/N FO4173, type probe With the following 
characteristics as a measuring probe: 
[0029] Frequency: 950 Hz 
[0030] Angle: 2330 
[0031] Gain: 41 dB 
[0032] Horizontal scale: 2.0 V/D 
[0033] Vertical scale: 0.4 V/D 
[0034] Drive: 16 
[0035] Firstly, the zero calibration is carried out using to 
that end a paint-free carbon ?ber test piece, Which is the 
coating measured in this speci?c case. As can be seen in 
FIG. 1, shoWing the on-screen display of the equipment and 
in Which the impedance vector angle or phase has been 
adjusted to 2330 in order to obtain a vertical representation 
given that the lift-off effect is being measured, the descend 
ing vertical line is located in the ?rst height square of the 
screen, therefore reaching a height of 1 square (out of 8 in 
total) corresponding to the paint-free carbon ?ber test piece, 
ie to the calibration zero. 

[0036] Then, as shoWn in FIG. 2, the calibration is carried 
out based on a 175 um calibrated Mylar type polyester sheet 
on a carbon ?ber test piece. The lift-off reaches up to height 
square 6 of the screen, giving a 5 square variation. Five 
squares of the screen are therefore equivalent to 175 pm in 
the present calibration (1 square:35 um). Depending on the 
margin of thicknesses to be measured it Will be possible to 
calibrate the equipment With suf?cient amplitude so as to be 
able to adjust the calibration in each speci?c case. 
[0037] One of the test pieces used for the test can be 
observed in FIG. 3, Which test piece comprises 5 Work areas: 
1.iblack paint-free area (to calibrate the zero of the equip 
ment); 2.i?rst White paint layer; 3.isecond yelloW paint 
layer; 4.ithird grey paint layer and 5.ifourth bluish paint 
layer. Once the previous calibration has been carried out, 
With the zero adjustment and the 175 um Mylar type 
polyester sheet reference, the readings of the thickness of 
each of the layers in different test pieces Was carried out, 
comparing the readings With the absolute micrograph mea 
surements. 

[0038] The examined test piece of FIG. 3 has a nominal 
?ber thickness of 1.6 mm. Smaller or greater thicknesses 
Will evidently need an adjustment of the loW frequency 
probe gain in order to achieve the same amplitude, in the 
same direction as the thickness. Thus for example, ?ber 
thicknesses of 3.2 mm require 44 dB instead of the 41 dB 
used in the previous calibration. 
[0039] Another important issue to be considered is the 
?nishing surface of the carbon ?ber to be examined. Com 
posite materials With textured surfaces are very rough, and 
this can make the measurement of very thin paint thick 
nesses dif?cult, particularly if a considerable thickness of 
said ?ber is considered. For small thicknesses, as in this 
example (1.6 mm), this fact can be minimized by applying 
pressure With the probe on the ?ber and the aluminium 
support sheet, as Well as thanks to the Wide rounded con 
?guration of the Donut type probe used. 
[0040] Thus, the micrograph of FIG. 4 represents the 
roughness of a composite material With textured surface, 
reaching a maximum value of almost 125 um. 
[0041] Another relevant issue in this method is the impor 
tance of the calibration zero, Which must be carried out 
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betWeen each of the measurements With the aim of prevent 
ing as much as possible the ?uctuations that may interfere 
therein. This entails calibrating the zero before each reading. 
[0042] Table 1 beloW shoWs the results obtained in the test 
pieces tested by the induced current method of the invention 
versus the real data of the micrographic cut of these test 
pieces, as Well as tWo Mylar type reference polyester sheets 
used in the calibration of the method, in the measurement 
margins. 

TABLE 1 

Layer 

Test 1 2 3 4 

piece Real Obt. Real Obt. Real Obt. Real Obt. 

2 42 39 68 49 139 105 172 161 
3 41 35 52 70 114 98 139 140 
4 41 42 55 70 105 105 140 143 
5 43 49 54 70 90 105 135 133 

Mylars: 195/193 18.9/17.5 in pm 

[0043] In reference to FIG. 6, shoWing the linear curve of 
the obtained results, a greater adjustment in the Work mar 
gins (40 and 140 um) and a greater dispersion in the central 
areas (70 and 100 um), probably due to a lack of homoge 
neity in the 2'” and 3rd paint layers and to the greater relative 
incidence of the roughness of the ?ber since it is a textured 
surface, can be observed. HoWever, the adjustment is suf 
?ciently good and precise if the starting restrictions are 
taken into account. 

[0044] Thus, the method for determining the thickness of 
a coating on a composite material by using induced currents, 
developed by the present invention, has the main features 
that are detailed beloW: 

[0045] the measurement is indirect, considering the 
carbon ?ber coating and the paint coating as a lift-off 
against a planar aluminium alloy sheet; 

[0046] the normally planar con?guration alloWs the 
access to both sides of the ?ber; 

[0047] a paint-free area of material is needed to cali 
brate the zero of the measurement method; 

[0048] the zero calibration must take place before any 
measurement, With the aim of avoiding possible ?uc 
tuations of the method: 

[0049] the greater the thickness of the ?ber, the greater 
the gain necessary in the measuring probe; 

[0050] it is necessary to use a loW frequency Donut type 
probe, With a frequency such that it confers a high 
penetrating poWer to it; and 

[0051] the obtained adjustment depends on the gain of 
the probe used, being around 15 pm. 

[0052] Modi?cations comprised Within the scope de?ned 
by the folloWing claims can be introduced in the preferred 
embodiment Which has just been described. 

1. A measurement method for determining the thickness 
of a coating on a composite material characterized in that it 
comprises the folloWing steps: 

arranging the composite material together With its coating 
in a planar con?guration such that it has a constant 
thickness in the measurement areas and comprises a 
coating-free area; 
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arranging the side of the composite material Without 
coating on a sheet of conducting material With a 
constant thickness; 

generating induced currents on the conducting material by 
means of a multichannel type induced current gener 
ating equipment; 

choosing a loW frequency and high penetrating poWer 
probe to carry out the measurements, adjusting the gain 
thereof to the adjustment desired in the measurement; 

carrying out the zero calibration of the method by mea 
suring the coating-free area of the composite material 
With the probe; 

carrying out a reference calibration by measuring a cali 
brated composite material ?ber With the probe; 

carrying out the measurement of the composite material 
together With its coating With the probe; 

determining the thickness of the coating of the composite 
material taking into account the effect of the decrease 
of intensity of the induced currents upon traversing the 
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composite material and the coating When said currents 
move aWay from the current generating equipment, 
based on the measurement of the lift-off effect that the 
coating and the composite material offer in induced 
currents against the sheet of conducting material. 

2. A measurement method for determining the thickness 
of a coating on a composite material according to claim 1, 
characterized in that the thickness of the coating ranges from 
20 to 300 pm. 

3. A measurement method for determining the thickness 
of a coating on a composite material according to claim 1, 
characterized in that the composite material is carbon ?ber. 

4. A measurement method for determining the thickness 
of a coating on a composite material according to claim 1, 
characterized in that the conducting material has a constant 
thickness greater than or equal to 2 mm. 


