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Abstract:  
This paper presents the current development and first 

test results of an electromagnetic rotational energy 

harvesting (EH) generator. The electromagnetic 

generator is driven mechanically by pushing a button 

and the resultant kinetic energy of the linear movement 

of this button is transformed into rotation using a new 

movement conversion mechanism. This mechanical 

conversion system is used to rotate a disk with 

permanent magnets placed above coils and hence 

electrical energy is generated. First results show that the 

EH generator produces a maximum energy of 18 mJ at a 

load of 6 Ω which is higher than the conventional push-

button non-rotational EHs.  

Key Words: Energy Harvesting, Magnetics, 

Electromagnetic Generator, Kinetic Energy 

1. INTRODUCTION 

Currently, many researchers are working on new 

developments in the field of energy harvesting due to the 

increasing electrical energy demand and the presence of 

many new power hungry devices. Different types of 

energy sources are available in the environment, such as 

solar energy, wind energy and mechanical energy, and 

all of these types of energy can be converted to electrical 

energy [1]. The biggest progress in the energy harvesting 

technologies has been made in the last few years thanks 

to the recent developments in the fields of WSNs 

(Wireless Sensor Networks), Internet of Things (IoT) 

and to increasing number of applications in building 

automation and road infrastructure instrumentation [2]. 

Energy Harvesting devices are very suitable for 

applications where the wired power is not or partially 

available, and batteries cannot be used due to their high 

cost [3] [4]. The continuous progress of energy 

harvesting technologies had a key influence on the field 

of low voltage power electronics [5]. 

One of the most researched fields of energy 

harvesting is the conversion of an ambient mechanical 

energy, i.e. vibrations, into electrical energy [6]. By this 

kind of energy harvesters, the mechanical kinetic energy 

is transferred into electrical one, mostly using magnetic 

or piezoelectric conversion principles [7]. Generally, the 

electromagnetic energy harvesters have many advantages 

like ease of design and small internal resistance 

compared to other kind of harvesters. Based on kind of 

kinetic energy, electromagnetic harvesters are classified 

into three groups: oscillatory, rotational, and hybrid 

harvester [8]. Hybrid harvesters are combine both, 

oscillatory and rotational working principle. For 

magnetic flux generation electromagnetic harvesters use 

permanent magnets made of high performance NiFeB or 

of other hard magnets like SmCo, AlNiCo or hard 

ferrites. 

Rotational electromagnetic converters need a 

rotational motion source from the environment. As a 

source of rotation, a turbine is often applied, but also for 

low-power mobile applications the human body 

generated rotation is applicable [9]. The range of energy 

density is widespread and can be between 10 mW/cm3 

and 10 W/cm³. The energy density of these harvesters 

depends on different parameters. The biggest influence, 

among all parameters, is the size of devices and 

rotational speed [8].  

This work shows the development of an 

electromagnetic rotational energy harvester. The 

harvester is driven by pushing a button. The movement 

of this button is translational. Therefore, the translational 

movement is transformed into rotational one. For the 

transformation of the movement, a new kind of 

conversion mechanism is developed. The harvester 

consists of a rotor (the movable part with hard magnets) 

and a stator (the stationary part with coils). During the 

rotation of the rotor above the stator, the electrical 

voltage is induced in the stator coils. 

 

2. DESIGN OF ELECTROMAGNETIC 

ROTATIONAL HARVESTER 

As mentioned before, the harvester consists of 

movable rotor and of the stator. For harvester design, a 

rotor with 8 magnetic multi-poles is selected. The NdFeB 

hard magnet poles are mounted on soft magnetic Co-

alloy sheet metal. The Co-alloy sheet metal shows very 
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high saturation flux density of 2.3 T. High saturation flux 

density is important for avoiding the saturation of the 

system. The hard magnet poles are magnetized 

perpendicular to the surface of the poles. The stator is 

basically a complex coil system consisting of 8 coils 

connected in two phases, where each phase has 4 coils. 

Both parts, the stator and the rotor, are mounted on the 

same axis forming a defined air gap in-between [10]. 

Figure 1 shows the schematics of the electromagnetic 

part of the harvester. 

 
Fig. 1. Schematics of the electromagnetic part of the 

harvester 

 

2.1. System simulation 

The rotational EH generator is designed as a planar 

generator with very simple structures. The energy 

harvester is simulated using FEM (Finite Element 

Method) simulation. As a simulation tool, Ansys 

Maxwell is used. The simulation model of an 

electromagnetic part of energy harvesting generator is 

shown in Fig 2. The model has been simplified to reduce 

the size of elements and simulation running time. 

 

 
Fig. 2. Illustration of the simulation model of the 

electromagnetic harvester 

 

The first aim of this simulation is to find an optimal 

design size and optimal coil system with good ratio 

between electrical resistance and coil inductance. In 

order to find out the optimal design, the coil size and 

number of turns are varied. Regarding coil fabrication, a 

PCB embedding technology is used. Taking into account 

the fabrication aspects, the final coil design is defined.  

One coil has the same size and form as one hard 

magnet pole. The outer radius Ro is 20 mm and inner 

radius is Ri is 8 mm. The height of the coil is then 

12 mm. The coil with 70 turns shows the best match 

between inductance and electrical resistivity. Simulated 

value of an electrical resistance for this coil is 1.21 Ω and 

the inductance is 30.4 µH. 

The electromagnetic part consists of 8 coils, which 

are grouped in two phases. Therefore, one phase 

consisting of 4 coils connected in the series have a total 

electrical resistivity of 4.84 Ω and inductivity of 

121.2 µH. The fabricated coil system has inductance of 

one phase of 123 µH and the electrical resistance of 

5.4 Ω. These results match excellent the simulation 

results as well.  

The second aim of the simulation is the estimation of 

induced voltage of the harvester. As a parameter, the 

rotational speed and the air gap between rotor and stator 

is varied. Figure 3 shows a diagram of induced voltage 

for different rotational speeds. 

 
Fig. 3. Induced voltage of one coil for different rotational 

speed 

The air gap in this simulation is kept constant at 

1 mm. The relationship between rotational speed and 

induced voltage is linear. The induced voltage at 

rotational speed of 1000 rpm achieves the value Vpp 

(Vpeak- to-peak) of 300 mV. The maximal value of 

simulated induced voltage Vpp for all 8 coils is about 

2.4 V. By reducing the rotational speed to 500 rpm, the 

induced voltage decreases by one-half of the initial value 

at 1000 rpm. In Fig. 3, the induced voltage frequency 

dependence on the rotational speed is visible.  

 

3. PROTOTYPE OF THE HARVESTER 

Another important part of the rotational 

electromagnetic harvester is the mechanical system. As 

mentioned before, the harvester is driven by pushing a 

button. The translational movement of the button is 

converted into rotational movement by using the 

movement conversion mechanism. Different kinds of 

conversion mechanisms are discussed and analyzed. The 

best solution is based on applying the kinematic couple 

“gear – round gear rack” [10], [11]. 

Energy harvester components are assembled into 

housing. The movement conversion mechanism has two 



3 
 

axes, one axis for linear movement and one for rotational 

movement. For the rotation, two bearings are integrated 

in the housing walls. The PCB with embedded coils is 

mounted on the bottom of the housing. Each coil consists 

of 10 layers with 7 turns per layer. One turn has a width 

of 400 µm and a thickness of 105 µm. The power 

management board and transmitter board are stacked on 

the PCB board with coils. Figure 4 shows the technical 

drawing of developed and fabricated rotational 

electromagnetic harvester prototype. 

 
Fig. 4. Cross-section of the rotational electromagnetic 

harvester. 

 

For prototype, as a power management board, the 

LTC3109 ultralow voltage step-up converter and power 

manager from Linear Technology is selected. 

4. EXPERIMENTAL RESULTS 

The output voltage of electromagnetic harvester is an 

alternating signal with attenuated amplitude. In this 

experiment, the phases of the harvester are connected in 

parallel. That means the internal electrical resistance of 

the harvester is minimum and the output voltage has the 

maximum amplitude. The maximum open circuit voltage 

Vpp of the harvester is about 2 V. The signal duration is 

about 1 s. The maximum amplitude of the generated 

output voltage agrees very well with simulations. Fig 5 

shows the oscilloscope waveforms of the open circuit 

output voltage of the harvester. 

 
Fig. 5. Open circuit output voltage of the harvester. 

 

The short circuit current of the output signal has a 

maximum Ipp of about 800 mA with signal duration of 

about 600 ms. In order to calculate the generated energy 

of the harvester; different loads are connected to the 

prototype. The output energy varies with the value of the 

connected load. The generated output energy is 

calculated by integration of the calculated power over the 

time. As shown in Fig. 6, the harvester produces the 

maximum energy when it’s connected to a load of 6-8 Ω. 

That means a topology that matches this impedance, to 

track the maximum energy point of the harvester, needs 

to be developed. The maximum harvested energy can be 

reached at loads between 6 Ω and 8 Ω and has a value of 

about 18 mJ. Figure 6 shows output energy vs. measured 

loads and interpolated curve as well.  

 
Fig. 6. Maximum energy of the rotational harvester. 

 

Also, the peak-to-peak output voltage of the 

introduced energy harvester, at this load, is around 1.4V, 

as shown in Fig. 7 which describes the peak voltage vs. 

load characteristic of the harvester. The diagram shows 

only one half of the voltage amplitude of first 

(maximum) voltage peak. At load of 6 Ω, the maximal 

energy of the system can be harvested. At this point, the 

maximum output voltage of the system is 1.4 V. 

 
Fig. 7. Voltage vs. Load behavior of the harvester (only 

one-half of voltage amplitude is shown). 

 

As a result, conventional techniques of voltage 

rectification using diodes cannot be used since it causes a 

prohibitively large voltage drop that has a negative 

impact on the harvested energy. On the other hand, using 

a synchronous rectifier bridge solves the problem of 
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large voltage drop but adds to system’s cost and 

complexity. So the topology that matches the targeted 

impedance needs to be bridgeless and converts the output 

AC voltage of the harvester directly to DC voltage.  

 

For testing the functionality of the first prototype, as 

a power management board, the LTC3109 ultralow 

voltage step-up converter and power manager from 

Linear Technology is used. 

In order to receive a regulated DC voltage, the power 

management system is needed. The regulated output 

voltage is needed for power supply of RF transmitter or 

for any other electrical device. LTC3109 power 

management board is used for testing the rotational 

electromagnetic harvester. The regulated output voltage 

of the power management system by push the button of 

the harvester device once is shown in the Fig. 8. The 

output voltage of the LTC3109 is set to 2.35 V by using 

of jumpers on the board. After definite time, the rotor of 

the harvester device will stop and the regulated output 

voltage begins dropping down.  

 
Fig. 8. Regulated output DC voltage of harvester 

using LTC3109 power management board 

 

As a transmitter board, a system based on the 

SX1230 IC from Semtech needs to be implemented. 

Direct connection between power management LTC3109 

board and transmitter board is not working properly. 

Therefore, the power management board for rotational 

electromagnetic harvester needs to be developed based 

on other topologies. At the moment, on the market there 

are no available solutions for this kind of harvester.  

5. CONCLUSION 

The prototype of rotational electromagnetic energy 

harvester, which generate the electrical power from 

kinematic energy by pushing a button is developed and 

fabricated. The generated energy is measured, and the 

maximum harvested energy is found to be about 18 mJ at 

load of 6 Ω. The maximum amplitude of the produced 

output voltage at this load is about 1.4 V. The generated 

energy is much higher than the energy of similar non-

rotational energy harvesters. This high value of energy 

allows further miniaturization of the energy harvesting 

system. In the future work, first the adequate power 

management system will be developed. After that, the 

RF transmitter board will be integrated in the harvester 

prototype. Because of high harvested energy, in the last 

step the miniaturization of the rotational electromagnetic 

harvester is planned. 
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