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Electromechanical Design and Performance of a Power
Supply for Energy-Autonomous Electronic Control Units

ABSTRACT

Contemporary wireless technologies such as RFID or personal area networks with a low
power consumption, respectively, enable the set-up of distributed systems which can be
widely used in fields like sensorics, logistics, remote monitoring, or surveillance. True
remote operation is achieved once the power supply is realized in a self-contained
manner. The common and trivial approach of using batteries turns out to be quite
detrimental with respect to decentralization on a larger scale as the number of batteries
would increase accordingly, leading to a prohibitive level of maintenance and costs. The
approach presented in this paper attempts to convert environmental energy into
electrical energy in order to power electronic control units consisting of a low-power
microcontroller. In the contribution, the design of a converter for supplying a self-
supporting electronic control unit under consideration of heavy-duty practical
applications is described. Furthermore, results of a practical evaluation will be given and

discussed.

INTRODUCTION

Self-supporting power supply for electronic control units requires energy conversion from
other physical domains. Frequently, the movement of mechanical parts via the
electrodynamic principle [1] or the piezoelectric effect [2] are employed. In miniaturized
set-ups, the change of a capacitance under the exertion of mechanical forces can also
be used [3]. Other approaches utilize temperature gradients (via the Peltier effect [4]), or
even nuclear dynamos [5].

For our work, the existence of an oscillatory translational movement within the system
has been assumed. On this basis, the conditions for generating the power supply for a

state-of- the -art electronic unit which is supposed to operate remotely have been



considered. For the operation principle under consideration, the feasibility has been
shown theoretically by means of electromagnetic analyses [6]. Following the guidelines
resulting from this study, a series of practical devices have been built and successfully
brought into operation. The paper is organized as follows: after a description of the
converter unit, its internal electrical characteristics are described. Finally, results of the

operation both under laboratory conditions and from a field-test are presented.

MECHANICAL DESIGN OF THE ELECTROMECHANICAL POWER CONVERTER
UNIT

As a direct consequence of our previous design studies [6], the electrodynamic principle
has been implemented using a fixed coil and a moving permanent magnet. The
movement is supposed to be back and forth with no further restrictions. In order to
ensure flexibility and versatility, no special pre-requisites such as a harmonic oscillation
with a given frequency were taken into account in the design considerations. The main
body of the set-up consists of a hollow cylinder made of magnetically well-conducting
material. A magnetic pellet (NdFeB) is attached to its inside surface. Another part of the
same shape serves as flux conductor. Thus, a shielded magnetic circuit is formed. The
magnetic flux density within the air gap is designed to be considerably high. The
aforementioned constructive elements are suspended in between two solid joints. The
entire set-up acts as a system of parallel springs with affixed to the bottom and the top of
the arrangement, respectively. The coil is located at the inner side of the top lid.
Adjacent to it, the movable magnetic part is placed in such a manner that the coil will fit
into it. The mechanical construction is shown in Fig. 1.

Due to its inertia, external oscillations cause the magnet to move relative to the coil. This
leads to a temporary change of the magnetic flux and — by Faraday’s Law — to the
induction of a voltage in the coil. The use of electromagnetic CAD tools was of essential
influence on the mechanical design. This determined, in particular, the choice of
materials and the design of the air gap section. Fig. 2 shows the distribution of the
magnetic field in the converter structure.
An array of four such units is shown in Fig. 3. They were used in the experiments

described in the following sections.
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Fig. 1: Schematic of the electromechanical power conversion unit.
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Fig. 2: Plot of the magnetic field distribution inside the structure.



Fig. 3: Practical realization of the electromechanical power conversion unit .

For comparison, a 1-Euro coin indicates the size of the set-up.

ELECTRICAL CHARACTERIZATION OF THE POWER CONVERTER

As the power converter is intented to be operated as a mechanically-driven power
supply for electronic circuits, its internal characteristics as a source are of interest. The
internal resistance as well as the power supplied by the converter in dependence on the
current load have been measured. In the experiment, the converter was mounted on a
vibrating stage controlled by a MATLAB/Simulink framework running on a personal
computer. Fig. 4 shows the results for a sinusoidal excitation with a frequency of 50Hz.
From the results it can be inferred that there is a good linearity in the /-V-curve with an

internal resistance of approximately 84 Q.
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Fig. 4: |-V characteristics (left) and supplied power (right) of the

electromechanical converter. The excitation consisted in a 50Hz vibration.



EXPERIMENTAL PERFORMANCE

The theoretical predictions of [6] have been validated through practical tests. In the
laboratory, the converter was again mounted on the vibrating stage as described above.
A typical experimental waveform without a load is shown in Fig. 5. Together with the
information about deliverable power, there are good prospects that after rectification, the
voltage will also be sufficiently high in real applications. This holds especially for
contemporary microcontrollers with very modest requirements, such as e.g. the TI
MSP430 [7] operating at a voltage of 1.6V or higher and requiring only about 250uA per
MIPS.
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Fig. 5: Voltage vs. time for a typical electromechanical converter in a laboratory
experiment. The excitation consisted in a 50Hz vibration. The measurements

were made using a LeCroy wave surfer 424 sampling oscilloscope.

After these initial considerations and tests, the converter was tested in an industrial
environment. It was mounted onto a steel bar, heavily vibrating in a pulsed manner. The
analysis of the frequency spectrum revealed a rich content of components well above
100Hz and above 1000Hz, respectively. This leads to higher voltage peaks during the
movement. Fig. 6 shows the measured voltage waveform. In this experiment, a

Tektronix TDS 3034B sampling oscilloscope was used.
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Fig. 6: Voltage vs. time for a typical electromechanical converter in a field test.
The excitation consisted in a series of bursts.

CONCLUSION

Based on theoretical considerations, a practical converter has been designed and
realized practically. Its operation is based on energy conversion from the mechanical
domain to the electrical one. Practical tests have shown a good response even to an
arbitrary and complex waveform signal. This promises a wide range of practical
applications of the converter. A first prospective utilization of the device in quality
assurance of processes in harsh industrial environments aims at reducing costs caused

by damage-prone power-supply cables.
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