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1. Introduction 
 

The standard method to measure wall thicknesses is based on ultrasonics. In certain 
cases, however, there may be drawbacks and limitations given by the need of a 
coupling medium, a temperature dependent sound velocity, a high sound attenuation, 
and an extra needed manual data evaluation. If the walls are from dielectric, i.e. non-
conducting material, a microwave based gauge may be advantageous. Following the basic 
ideas of the successful development of a microwave based thickness gauge for paint on 
carbon composites, a method has been developed to measure non-destructively dielectric wall 
thicknesses. 
 
 

2. Basics of the method and the instrument  
 
In the electromagnetic spectrum microwave frequencies extend from 300 MHz to 300 GHz. 
They are used to non-destructively find inhomogeneities in dielectric material, more precise: 
inhomogeneities of the permittivity r (dielectric constant). r determines the wave impedance. 
And local changes in the wave impedance cause reflected waves which are detected and 
evaluated.  
 
In the case of dielectric walls the reflected waves from the boundaries air/outer surface and 
inner surface/air are dominant due to significant differences in the permittivity: r(air) = 1, r(plastic, example) = 2…5 (typical range). Both add up to the measured reflection coefficient 
at a microwave port as shown in fig. 1.  
 

 
 

Figure 1: Hose section with attached microwave antenna to measure the reflection coefficient r = Ar/Ai.  
Ai – incident wave, Ar – total reflected wave. The green marks explain the main signal flow under the 

antenna. 
 
The reflection coefficient r as the quotient of reflected wave amplitude Ar to incident wave 
amplitude Ai is a complex quantity with real and imaginary part or magnitude and phase, 
respectively. With an increase in wall thickness the electrical length and therefore the phase 
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difference between the locations of both reflections increase.  This in turn would lead to a 
right hand circle of the reflection coefficient in the complex plane with an increase of 360o 
each half wavelength increase in wall thickness.  However, with increasing wall thickness the 
radiation loss and the dissipation loss increase, too. This modifies the circle into a spiral. 
 
A feasibility study was performed to confirm this expected behaviour. Fig. 2 shows the 
measured spiral generated at 24 GHz from an automotive part. It is an air hose made from a 
thermoplastic polyester elastomer (TPC-ET) and inner diameter of 50 mm. The basic wall 
thickness is 4.0 mm, which stepwise was increase to 9.625 mm by placing 125 µm thick PVC 
foils on the outside. The approximate permittivities of  TPC-ET and PVC are 4.6@1MHz (1) 
and 2.7@11GHz (2), respectively. The spiral shows the expected general behaviour.  
 

 
 

Figure 2: Reflection coefficient r (in arbitrary units) in the complex plane at the outside of a hose. Basic 
thickness of the TPC-ET hose 4.0 mm, corresponding to the most outside point of the spiral. Stepwise 

covered with PVC foils up to total thickness of 9.625 mm. corresponding to the most inside point of the 
spiral. 

 
For using the shown dependence in practical wall thickness measurements, before doing the 
measurements one has to create a calibration spiral. In practice only a limited number of 
reference parts with known and different wall thicknesses are available. Therefore a computer 
program has been developed to generate the calibration spiral from only three calibration 
points. If possible, the reference parts with different wall thickness should been made in the 
manufacturing process to be inspected. If only one such part is available, foils can be used to 
artificially increase the wall thickness as shown above. Differences in the permittivities of 
part and foils can be compensated analytically. 
 
During a measurement, a microwave reflectometer is placed on the location to be inspected, 
the reflection coefficient is measured, and then by data evaluation in the complex plane the 
point on the calibration spiral nearest to the reflection coefficient is searched. This gives the 
measured thickness value. The resolution is improved by interpolation. 
 
The measurement system consists of two hand-held modules: the sensor, i.e. the microwave 
reflectometer, and a control module which directly displays the thickness result. The system is 
used for both calibration and measurements.  
 
 



3. Conclusions 
 
A method is presented to measure dielectric wall thicknesses, especially when ultrasonic 
methods may fail. This particularly holds for wall material with high sound attenuation, e. g. 
PTFE, and rubber including elastomere. The method is based on harmless microwaves. The 
resulting instrument to perform the measurements will be handy, consisting of a sensor and a 
control instrument. 
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