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Abstract. This paper presents the studies required for the 
design and construction of a versatile Half-Bridge converter. This 
converter can drive a wide variety of machines - from one to four 
phases. The converter was designed mainly to drive Variable 
Reluctance Machines in 6x4, 6x6, 8x6 and 12x8 topologies, 
working as both motor and generator. The versatility of the 
proposed converter is its main advantage, as in both academic 
and industrial applications, this feature can generate financial and 
production time savings. An analysis was carried out among the 
main converter topologies to justify the choice of the Half-Bridge 
topology followed by a project detailing of the chosen converter. 
For the design and construction of this converter, only 
commercially available devices were considered. To control the 
triggering keys, the Arduino platform was used due to its easy 
access and low cost. After the converter power circuit definition, 
the circuit for communication between the sensor (encoder), the 
controller (Arduino), and the switches (IGBT) is presented, and 
the project assembly is shown at the end. 
 
Keywords. Design, Half-Bridge Converter, Versatility, 
Switched Reluctance Machine, Arduino. 
 
1. Introduction 
  
The Switched Reluctance Machine (SRM) is an 
electromechanical energy converter that uses direct current 
excitation to drive its coils. It consists of a double-
projecting laminate structure that is constructively simple, 
cost-effective and robust [1]. It was one of the first electric 
machines manufactured around 1838 [2]. It presents 
nonlinear electromagnetic behaviour, torque ripple, and the 
need for electronic switching [9]. The study of the use of 
these machines has proven to be advantageous in recent 
decades due to constant developments in semiconductor 
technology. Currently, SRM research is focusing primarily 
on activities that require variable speed. Aeronautics, 
hybrid cars and wind power are the main areas of interest 
[3] [4] [10] [11]. One of the main steps for SRM operation 
is to switch the excitation of its coils correctly. This is 
done with the converter. In this paper, a generic converter 
is introduced as a versatile tool for the use of many of the 
mentioned applications. 
 
 

2. SRM Operation Principles 
 
Figure 1 shows the cross-section of a 6x4 SRM, i.e. it has 
8 poles on the stator and 6 on the rotor. The windings of 
one of the phases (A) are shown. The machine has four 
phases (each pair of poles in the stator constitutes one 
phase). Phase A of this machine is completely aligned 
with the rotor, which corresponds to a position of 
maximum inductance. 

 
Fig.1. 8x6 SRM showing phase A winding. 

 
To drive SRM as a motor, the corresponding coil must be 
energized while the inductance variation is positive (1).  

   (1) 

Driving the machine as a generator requires that the 
corresponding coil is energized while the inductance 
variation is negative (2).  

   (2) 

That is, the direction of the conjugate (Temg) depends on 
the derivative of the inductance (𝑑(𝜃)/𝑑𝜃) [5], being 
necessary to know the angular position of the rotor at all 
times. Switching affects the efficiency and performance 
of the machine as it defines the pulses in the inductance 
profile of each phase. Therefore, one of the main steps 
for SRM operation is to correctly switch the excitation of 
the stator coils. This specific task is transferred to the 
converter. In SRM, each coil is controlled independently. 
Thus, each coil is always connected in series with at least 
one key. To determine the angular position of the rotor in 
relation to the phase, an optical sensor (encoder) is 
implanted next to the rotor of the machine. This signal is 
processed with the aid of a microprocessor (Arduino), 
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which then sends command signals for switching the 
buttons contained in the converter. 
 
3. Choice of Converter Topology 
 
This paper assumes the drive of Variable Reluctance 
Machines with powers up to 1hp, either motor or 
generator, in 6x6, 6x4, 8x6 and 12x8 topologies. 
Therefore, the converter must be robust, efficient and also 
versatile. From these requirements, a comparative analysis 
was made between four of the main converter topologies: 
Half-Bridge (HB), C-Dump, N + 1 and 1.5N. 
 
The C-Dump was first introduced by [13] in 1987. This 
topology is characterized by using only one key to 
energize each phase. Despite being a robust converter, it 
has a complex logical sequence of coil switching and 
limited use in high-speed applications [6]; 
 
In the N + 1 topology, N + 1 keys are used, one key for 
each phase and one shared key. Because it has a diode and 
a switch that will be shared by the other coils, independent 
control of the coils is impossible [6]; 
 
In the 1.5N topology, each two phases require three 
switches and three diodes for the drive, presenting itself as 
an evolution of N + 1, since it enables independent control 
of the coils. However, its constitution limits the machine 
topologies that can be driven by this converter, which must 
have an even number of phases, not being compatible with 
SRM with odd phase numbers [6]. 
 
The Half-Bridge (HB) converter uses two switches and 
two diodes to drive each phase - which increases its 
manufacturing cost. On the other hand, it features simpler 
coil switching logic sequence, independent phase control, 
high fault tolerance and, above all, the ability to drive a 
wide variety of machines [6]. Thus, its great versatility and 
high-performance features make this topology the most 
cost-effective. 
 
A. Conversor Half-Bridge (HB) 
 
Due to its versatility and other advantages mentioned 
above, the Half-Bridge topology was chosen for the design 
and construction of a converter. An HB converter arm for 
single-phase drive is shown in Fig. 2 (a). The switches 
represented by c1 and C1 may consist of Transistors, 
Metal-Oxide-Semiconductor Field Effect Transistors 
(MOSFETs), and Insulated Gate Bipolar Transistor 
(IGBTs). The converter contains a drive circuit for each 
phase of the machine. The Half-Bridge (HB) converter has 
an operation classified divided into four stages: excitation, 
freewheel, regeneration and deactivation (Fig. 2). 

 
The excitation stage (Fig. 2 (b)) begins when the encoder 
identifies a preset angular position, and through the 
microcontroller (Arduino), sends commands to switches c1 
and C1. These switches are closed at the same time and the 
machine's coil (Phase 1) is supplied with direct current 
(VE). There is then current circulation in SRM Phase 1 
(I1). 

 

When the angular position in Phase 1 reaches a preset 
value, one of the keys c1 or C1 will open, allowing to 
cancel the voltage applied to the phase and also to 
decrease or limit the value of the current in the coil. The 
current flows from the coil through the closed switch and 
the directly polarized diode, partially demagnetizing the 
phase, limiting the current in the SRM phase, and 
conveniently switching c1 or C1. This current variation 
(within the established lower and upper limits) may last 
as long as there is a positive inductance variation in phase 
[7]. This stage is called freewheel (Fig. 2 (c)). 
 

  
(a)                                                  (b) 

 

  
(c)                                         (d) 

 
Fig.2. (a) HB converter arm; (b) Active circuit in the excitation 
stage; (c) Active circuit in freewheel stage; (d) Active circuit in 
regeneration step for reluctance motor [7]. 
 
The regeneration phase (Figure 2 (d)) begins when the 
encoder re-identifies a predefined angular position and 
sends commands through the Arduino to switches c1 and 
C1 to open simultaneously, thereby blocking the current 
flow provided by the source (VE) in Phase 1. When 
switches c1 and C1 are open, the energy stored in the 
magnetic field (hysteresis) in phase 1 causes the current 
(I1) to remain in the same direction until it dissipates. 
Therefore, the diodes d1 and d1 become the only possible 
path for current flow. This energy can be reused for the 
next phase excitation (when used as a motor) or for 
feeding a load (when used as a generator). The 
regeneration must be stopped before the inductance 
variation becomes negative. Therefore, the production of 
SRM-negative conjugates is avoided unless it is desired 
for speed control. 
 
The regeneration stage is important for the good 
performance of a reluctance motor, as the energy spent 
on phase excitation is high when compared to the energy 
used for energy conversion. Restoring this energy reflects 
an increase in engine efficiency [7]. In the regeneration 
stage, the current (I1) is cancelled, and from that point 
the coil remains deactivated, during which the inductance 
remains negative. This stage is called deactivation. The 
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coil will be excited again when the inductance is positive 
again, restarting the cycle. 
 
The HB converter is widely used [6] [12] because, in 
addition to its advantages, it allows the regeneration stage 
when needed, even if its circuit is slightly complex. This 
topology also presents a few differences in the electrical 
connection for SRM drives, such as MR and GR. The 
strategies to perform the regeneration step in MR and the 
generation of electricity in GR are points of greatest 
distinction between these two applications. Figure 3 shows 
a solution proposed in [8] to unify the two topologies. 
 

 
Fig.3. HB converter with a key for switching between MR and 

GR [8]. 
 
The key in the upper corner (Fig. 3) has the function of 
switching the converter between the topologies for MR 
and GR. With the switch closing the circuit on the right, 
there is the generator topology, because the cathodes of 
diodes D2, D4 and D6 are connected to the load. The 
situation in which the switch is closed on the left has the 
motor topology, where the cathodes of diodes D2, D4 and 
D6 are connected to the source. 
 
Among the proposed machines, there are a single-phase 
(6x6), two-phase (6x4 and 12x8) and a four-phase (8x6) 
machine. Therefore, the constructed converter must have 4 
arms to operate machines with up to 4 phases. A viable 
commercial solution was sought to construct the converter, 
and the most economical option found was an IGBT 
module (7MBR50UA120), typically found in frequency 
converters consisting of 7 IGBT switches. Its construction 
prevents a coil from being connected in series between the 
keys. Thus, only half of the keys are used in each module 
and therefore require more IGBT modules. In addition, in 
order to mount the circuit according to the HB converter 
model of Figure 3, each of the switches must be 

individually tripped and electrically isolated from each 
other [7]. The following converter configuration was 
proposed, shown in Figure 5. Since 3 key pairs can be 
used in a module, a 3-phase machine would require 2 
IGBT modules for its converter. For a four-phase SRM, it 
would take at least 8 IGBT switches or 4 modules. 
 
For phases A, B and C, the gates of the bottom switches 
(with gates on terminals 13, 12 and 11) of module 
number 1 are shorted to the return of the control circuit 
(terminal 10) (Figure 5), as a way to ensure that there is 
no potential difference between emitter and gate. 
Therefore, these switches always remain open and 
electrically isolate the upper switches (with ports on 
terminals 20, 18 and 16). In module 3, the gate and 
emitter terminals of the top switches are also shorted, 
isolating the bottom switches. Switches with shorted gate 
and emitter connections are always open, so only the 
diodes to the right of these switches are available for 
operation. 
 
In order to save the IGBT switches of the trip circuit, it 
was decided not to use the AC/DC converter rectifier 
already integrated into the IGBT modules 
7MBR50UA120, which is why the three-phase rectifier 
SQL-50A (left in Fig. 5) was used to convert the three-
phase AC voltage in DC voltage. The diodes (d1, d2, d3, 
and d4) connected to terminals 21 (+) and 23 (-) of the 
SQL 50A rectifier and the two capacitors (C1 and C2) 
connected to the load and source have been added 
externally. 
 
Since there would be unused keys, it was decided to use 
in the fourth module two of the upper keys (with ports at 
terminals 18 and 16) with the function of switching 
between the motor (MR) and generator (GR) topologies. 
Therefore, at the respective lower switches (with a gate at 
terminals 12 and 11), their gates were also shorted to the 
return of the control circuit (terminal 10). If the switch 
(gate on terminal 18) is closed and (gate on terminal 18) 
open, it has the topology for MR and doing the reverse, 
the topology for GR. These keys remain interlocked in 
Arduino programming for the converter. In SRM, 
however, the regeneration stage in the motor and 
generator topology changes as both MR and GR phase 
excitations occur equally. Figures 6 and 7 show the active 
circuit in the regeneration of each one. 

Fig.5. Four-Arm HB Converter General Diagram. 
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4. Driver Circuit to HB Converter 

 
A. Position Sensor (Encoder) 
 
The encoder is a signal transducer whose function is to 
detect the rotor angular position with respect to the stator, 
digitize that information, and send it to the microcontroller 
(Arduino). For this purpose, the axis of this device is 
coupled to the machine axis. It was used a 10-bit Gray 
coded absolute encoder that operates at 15 VDC. The 10-
bit encoder reads 1024 positions for one revolution. The 
Gray code is characterized by having only 1 bit changed in 
each transition. This feature reduces the risk of adjacent-
bit read errors and makes it widely used for rotating 
machine applications as well as the reason for its use in 
this work. The coder, if it is absolute, refers to the fact that 
its count is not cumulative, that is, the angular position 
sent to the Arduino is the real and instantaneous position. 
 
B. Programming Interface (Arduino) 
 
The Arduino microprocessor was used due easy access, 
low cost and simple language. It shall execute the 
programming logic that allows it to send the sequential 
drive commands of the variable reluctance machine coils. 
First, however, the rotor position data must be calculated, 
which informs the encoder. The outputs of the 10 electrical 
encoder signals are input to the digital readout ports of the 
Arduino. The encoder signals are in the range of 15 V, but 
Arduino supports a voltage range of 3.3 to 5 V. Therefore, 
a voltage divider circuit had to be implemented, which 
corresponds to the permissible voltage range. For this 

circuit, two resistors (12 kilohms and 3.9 kilohms) were 
used for each of the 10 signal cables coming from the 
encoder. 
 
After reading the information position in Arduino, the 
encoding transformation is performed from Gray to 
binary. To convert from Gray to binary, programming 
logic is implemented to perform an or-exclusive (XOR) 
operation on its previous bit. Then, the transformation is 
performed from binary to decimal and finally from 
decimal to degree. If the angular position information is 
available in degrees at a particular time, the phases may 
be triggered by sending the command signals from a 
logic programming.  
 
Each Reluctance Machine topology has an angular drive 
position range for better performance. These angle values 
may depend on factors, such as: number of poles in rotor 
and stator; application (motor or generator); inductance 
profile obtained with simulations; and also from 
empirical corrections, by previous experimental results. 
However, it was not the focus of this work to determine 
these angles, but the design and construction of a 
converter to drive it, and therefore generic angles were 
used.  
 
The implemented programming logic sends command 
signals. The coil of one of the phases A, B, C and/or D 
will be excited when the position of the rotor angle (α) 
relative to the stator of the phase in question is within one 
of the specified ranges. If the angular position is outside 
of these ranges, the command signals will remain at the 
LOW logic level, thereby opening the IGBT switches of 

Fig.6. Active circuit in the Regeneration step for Reluctance Motor. 

Fig.7. Active circuit in the Regeneration step for Reluctance Generator. 
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the converter and thus de-energizing the coils of the 
respective phases. 
 
C. Drive Circuit to HB Converter 
 
The sequential activation of machine phases at the right 
times requires of a microprocessor (Arduino). It can be 
seen that the gate voltage for driving the IGBT switches in 
the converter is in the range of approx. 15V. However, the 
microprocessors provide only an output voltage of 3.3V or 
5V, which is insufficient to polarize the gate and emitter of 
the switches used in the HB converter. Therefore, a circuit 
is required for coupling between systems operating at 
different voltage levels, commonly referred to as a driver 
circuit. Fig. 8 shows the proposed circuit for coupling 
between systems so that the command signals can reach 
the IGBT switches with a voltage of 15V. A Driver circuit 
is employed in situations where a control circuit does not 
have sufficient power to drive a switch directly. There are 
several ways to build a driver circuit, and the circuit used 
in this work was an HCPL-4503 optical coupler that 
couples the system when operating on different voltages in 
the same circuit. 
 
Both sources, 15V and 5V, are structurally similar. At the 
output of the 5V source, another capacitor is connected for 
unwanted frequency filter, C3, and a resistor, R11, which 
is connected to pin 2 of the HCPL-4503. Pin 3 of the 
HPCL-4503 is connected to the collector of transistor Q11, 
whose Arduino outputs are connected to the base and 
emitter terminals. Thus, when the Arduino output is high, 
there is a Q11 bias, allowing current to flow between pins 
2 and 3 of the HCPL-4503. Within the optocoupler, the 
photosensitive internal transistor passes current and thus 
polarizes the terminals of transistor Q1 in the 15V circuit. 
Resistors R1 and R2 cause a voltage drop in the bases of 
Q1, Q2 and Q3, thus avoiding a short in the 15 V supply 
circuit. Current flows between the resistor R3 and the 
capacitor C14 to the RC filter, and the Zener diodes D1 
and D2 provide a voltage level of 15V at the output of the 
terminal at each IGBT switch.  

 
In Fig. 5, it can be observed that the lower keys of the 
IGBT have one point in common. This means that only a 
15V circuit is required to power all of these switches. 
While the top switches are isolated from each other, each 
requires a 15V circuit to power them. Command signals 
coming from Arduino require low power and therefore 
only a 5V source circuit is sufficient to power all Arduino 
command outputs. From the scheme shown in Figure 11, 
a printed circuit board (PCB) has been developed to 
execute the drive circuit. 
 
5. Construction and Bench Tests 
 
In the design and dimensioning of cables and other 
materials used, the voltage and current levels of the 
various machines that this converter can drive had to be 
observed. Finally, from the compilation of all designed 
circuits presented in Figures 5 and 8, the converter was 
built, as shown in Figure 9. 
 

 
Fig.9. Converter assembly. 

 
After the converter construction, it was submitted to the 
test bench to check whether the switching was being 
performed correctly. For this purpose, the test results are 
presented with the electrical tests carried out in the 

Drive 
Circuit PCB 

IGBT 
Modules 

Arduino 
Phases Output 

Fig.8. Driver Circuit General Diagram. 
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converter on the test bench. The built-in converter 
triggered an existing SRM with 6x4 topology in the 
laboratory, which acted as a generator and then as a motor. 
The system was operated with a sufficient minimum 
voltage to observe the Voltage (Channel 1, in yellow) and 
Current (Channel 2, in blue) curves in Phase A of this 
machine, and thus the switching. The results for generator 
(Figure 10) and motor (Figure 11) obtained with the 
oscilloscope are shown below. 

 

 
Fig.10. Voltage and Current in phase A for 6x4 SRM Generator. 

 

 
Fig.11. Voltage and Current in phase A for 6x4 SRM Motor. 

 
The electrical tests on SRM 6x4 showed expected and 
typical behaviour, and were satisfactory, so that the correct 
switching of the built converter could be observed.  
 
6. Conclusion 
 
Understanding the operation of the designed circuit 
required analysis on all possible current paths. Through 
these analyses, have reached the design of the circuits 
specified in Figures 6 and 11. For the construction, it was 
observed the voltage and current levels that this converter 
can be submitted, given the various machines that it can 
drive, resulting in the built circuit (Fig. 12 and 13). In 
addition, its command is executed through the Arduino 
platform, known for its simplicity and easy access. The 
built-in converter was tested and is considered ready for 
operation of the many applications specified. The designed 
converter opens up countless possibilities: for academic 
applications, it is very cost-effective, since a single 
converter allows to drive a wide variety of machines, as 
well as the study of the control of these machines. For 
industrial applications, whether in applications such as 
motor or generator, the converter is robust and has high 
fault tolerance and can be used in both wind power 

generation and hybrid car technologies. It is evident, 
therefore, that the versatility of the converter proposed 
here is its main feature, as it can drive switched 
reluctance machines with single-phase or polyphase of up 
to four phases, both as motor and generator. 
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