
2. Eddy Current Sensor Model

The transfer function (TF) model of the eddy current type sensor, is
derived by using Maxwell‘s Equations to calculate the eddy current
effect on the coils main magnetic field:

𝐵 =
𝑖 ⋅ 𝑤

𝐴 ⋅ 𝑅𝑚𝑎𝑔
− 𝜇0 ⋅ 𝜎 ⋅

𝛿𝐵

𝛿𝑡
+ 휀0 ⋅

𝛿2𝐵

𝛿𝑡2

⇒ 𝜙 =
𝑖 ⋅ 𝑤

𝑅𝑚𝑎𝑔 1 + 𝜇0 ⋅ 𝜎 ⋅ 𝑠 + 𝜇0휀0 ⋅ 𝑠
2

This results into an extended impedance Z for the coil:
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Which can be modeled by a parallel R,L,C circuit where:
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This non-parameterized derivation is a general consideration of coil
impedance, taking into account eddy current effects. It can be used to
model a single coil (Fig. 2a) or a two coil Sensor (Fig 2b) in a conductive
fluid.
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4. Discussion & Conclusion

The results show that the here derived equivalent model can represent
the eddy current effect for this sensor type. The theory of the ongoing
effects was confirmed by practical tests and FEM-Simulations. An
improved parameterization of the model is necessary to ensure a
representative simulation.

The outcome of this paper gives a better model understanding of the
eddy current sensor type which can lead to the design of optimized
sensors. Based on the here derived results further development and
investigation needs to be done to fully evaluate the potential and
usage of eddy current sensors as an alternative to transformer type
sensors.

1. Introduction

The functionality of an eddy current type conductivity sensor can be
described by:
• Excitation coil generates magnetic flux in fluid
• Thereby eddy currents are induced into fluid
• Conductivity change measured by coil impedance change or second

sensing coil

Figure 1: J- and B-Field illustration for (a) Transformer Type Sensor vs. (b) Eddy 
Current Type Sensor

Figure 2: Equivalent circuit of (a) a single coil and (b) a coil pairing in conductive 
fluid, modeling the eddy current effect

(a) (b)

3. Test and Simulation Results

For the model validation, an eddy current sensor is designed (Fig 3a)
and implemented as a prototype (Fig 3b) and in an FEM-Simulation
(Fig 3c).

The frequency response of the sensor prototype was measured for
three different water conductivities and compared to the simulation of
the RLC-model and the FEM model. Since the TF is not parameterized,
the results were normalized to the resonance frequency.

Figure 3: a) Schematic of the implemented eddy current sensor; b) Coil of prototype 
implementation; (c) 3D Model for FEM-Simulation; (d) Eddy Current visualization
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Figure 4: Comparison of simulation results to prototype tests with different conductivity values


