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Abstract: Carbon fiber reinforced plastics (CFRP) are more and more used in 
aerospace applications because of their potential to considerably reduce the 
weight. Using CFRP, however, the problem occurs that at painted parts the paint 
thickness has to be measured non-destructively. Traditional procedures come to 
their limits because the substrate is only medium conducting and furthermore 
anisotropic. Therefore a mobile paint thickness meter had been developed to 
measure the paint thickness on plane samples of CFRP, CFRP with copper mesh, 
and metal. 

The present paper extends this development to measurements on curved 
surfaces. This method consists of two steps. In a first step the average liftoff is 
determined, which occurs when the plane probe is placed on the curved surface. 
This first step is also performed with the paint thickness meter. In a second step 
the paint thickness measurement is performed as on plane surfaces. This gives raw 
data, from which the average liftoff has to be subtracted. The result is the paint 
thickness on the curved surface. An example is given. 

1. Introduction 

For thickness measurement of paint on metallic substrates traditionally eddy current or 
ultrasonic methods are used. These methods are non-destructive. Paint layers on carbon 
fibre reinforced plastic (CFRP), however, can only hardly be measured non-destructively 
because CFRP  
 

- is of only medium electrical conductivity 
- can have quite different electrical conductivity, especially in situations with and 

without metallic lightning protection 
- is of very inhomogeneous conductivity if the lightning protection is of grid-type 
- furthermore is anisotropic in its conductivity. 

  
Beside of eddy current and ultrasound based paint thickness measurements on CFRP also a 
capacitive method may be considered. However, using this method the measured result 
depends on the dielectric constant of the used paints and paint layers. This needs an 
extremely high calibration effort.  

Therefore for the thickness measurement of paint on CFRP a special microwave 
based gauge was developed, using a microwave cavity resonator with the painted surface of 
the device under test being one wall of the resonator, see [1] and [2]. The data evaluation of 
the measured complex microwave input reflection coefficient then results in the paint 
thickness and gives a hint on the substrate conductivity. Strictly speaking, the distance 
between the bottom of the measurement module and the topmost, at least medium 
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conducting layer is measured. The measurement results are not depending on the dielectric 
constant of the paint. 

The instrument consists of a handheld measuring module and a netbook for the 
display of the measured thickness, see fig. 1. A basic version is capable of measuring on 
plane surfaces with CFRP, CFRP with copper mesh (e.g. expanded copper foil ECF), or 
metal as substrate. 

 

 
 

Fig.1: Paint thickness measurement system, consisting of measurement module and netbook as display 
module 

 
However, practical devices in the aerospace and in the automotive industry often have 
curved surfaces with locally varying curvature. Therefore, a procedure has been developed 
to expand the measurement method also to curved structures. 

2. Measurement Procedure 

 
Fig.2: Principle of situation when measuring on curved surfaces 

 
In the situation of a plane surface the arrangement of fig. 2 is used without the bar spacers 
and the metal foil. Then the dielectric plate is placed directly on the surface of the device. 
Either a stored calibration file is used or a new reference measurement with the substrate 
under consideration is performed with known paint thickness, e.g. zero if without paint. 
Then this calibration measurement is repeated, possibly a few times, with a plastic foil of 
known thickness as calibration value. After the calibration is done the measurements of 
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unknown paint thickness can be performed. Then the instrument interpolates between the 
calibration values.  

In the situation of a convex curved surface without bar spacers the surface of the 
device under test would only touch the dielectric plate at one point. The distance to the 
topmost conducting layer would vary locally. The average value of this distance would 
cause an offset in the measured thickness values.  

In the procedure described here this offset is determined separately and used in the 
evaluation of the paint thickness data. In detail the procedure is as follows. It should be 
noted that the system not only can measure on CFRP but also on metal as a substrate. 

After performing the above mentioned calibration process on a plane surface of the 
type of CFRP under consideration, in step one of the special procedure the offset is 
measured by placing a thin metal foil on the curved surface and pressing it to the surface in 
order to align with it. Then the measurement with the system is performed, yielding the 
value of this offset.  In step two the thin metal foil is removed and a raw data is measured 
with the system. The difference between the raw data and the offset gives the paint 
thickness. When performing this procedure it is important that the bottom of the 
measurement instrument is positioned in the same manner in both steps. Therefore the bar 
spacers are introduced, see fig 2. 

3. Example Measurements  

One of our example measurements are described in the following. We had a thin CFRP 
sample at our disposal which can be seen in fig. 3. Region 1 is without paint, regions 2 to 5 
are covered with different paint thicknesses. This sample is somewhat flexible. First, a 
calibration was performed in a plane situation in the middle of region 2, assuming the small 
paint thickness there to be zero. Then in the plane situation the paint thicknesses were 
measured in regions 2 to 5. Results are shown later as the red line in fig. 6.  
 

 
 

 
 

Fig.3: Thin CFRP sample 
 
Then the sample was mounted on the rim of a wheel with a radius of 200mm, see fig. 4.  
 

 
 

Fig.4: CFRP mounted on a wheel with radius of 200 mm 
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The curvature of the wheel is not exactly reproduced along the whole sample but varies 
locally. Then at each measurement position the offset is determined. Different metal foils 
were used to check their suitability. Results are given in fig. 5. 
 

 
 

Fig.5: Offset measurements with foils from copper (Kupferfolie), Tombak (Tombakfolie),  
and silver (Silberfolie) 

 
They are in the order of 200 µm and are not significantly varying with the metal foil 
material. It should be noted that the silver foil seems to be best suited, because it is easily 
formable. 

Then, without metal foil at that points where the offset measurement were 
performed, the paint thicknesses were measured using the calibration data from the middle 
of region 2. From these raw data the local offsets according to fig. 5 were subtracted. The 
results are given in fig. 6. 

The second point on the red line in fig. 6 shows that in the middle of region 2 there 
was not the thinnest paint layer. The right hand side of region 2 has a smaller value. This 
occurs at -20 µm because of the zero thickness calibration in the middle of region 2. One 
can conclude that the largest paint thickness, which occurs in region 4, is in the order of at 
least 60 to 70 µm.  

The other three lines in fig. 6 represent the measurement results on the curved 
sample. Generally the measurement results from the plane situation are obtained again. 
However there seems to be a slight systematic difference of about 10 µm. Up to now the 
reason for this is not fully understood.  
 

 
 

Fig.6: Thickness measurement results on plane (ebene Fläche) and curved CFRP surfaces 
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4. Conclusions 

It has been shown how the microwave based paint thickness measurements on CFRP and 
similar substrates can be extended to curved surfaces. This has explicitly been shown at a 
convex sample. It should be noted that the procedure can in a similar way also be 
performed at concave surfaces. 

The demonstrated example was one of cylindrical curvature. The explained 
principle, however, should also be extendable to spherically or elliptically curves surfaces. 
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