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1 Introduction

Medium-voltage DC (MVDC) systems are growing worldwide [1]. Compared with
alternative current (AC) counterparts, DC systems eliminate the need for frequency
synchronization and reactive power compensation, facilitate using renewable ener-
gies, present potential advantages for integration of distributed generations and
energy storage systems, and reduce the number of energy conversion stages [2, 3].
Besides, in recent years, a massive expansion of DC loads such as data centers
and electric vehicle charge stations has been reported [4]. This highlights the
significance of research in this field for both academia and industry.

However, the progress of MVDC systems faces technical limitations. Among
many factors, circuit breakers are under early development [1, 5-7]. On one hand,
due to the lack of zero crossing points in DC currents and the low inertia of DC
systems, AC circuit breakers are not effective in interrupting large DC currents
[8]. On the other hand, downsized versions of high-voltage DC (HVDC) circuit
breakers do not lead to compact and efficient topologies [9]. Therefore, it suggests
an urgent need to develop reliable, efficient, fast, and compact circuit breakers
targeting MVDC applications.

Compared with mechanical and hybrid circuit breakers, SSCBs present remark-
able advantages. They benefit from a fast response speed within microseconds, high
compactness, and scalability [10—12]. Also, recent developments in wide bandgap
semiconductor devices have resulted in more efficient circuit breakers as the result
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of smaller on-state resistance and extended electrical ratings [13, 14]. In contrast,
achieving high efficiency in SSCBs leads to an expensive design [13]. According
to the survey conducted in [15], most of the design cost of an SSCB is related to
solid-state switches. Therefore, the reliability of the solid-state switches in circuit
breakers is of great importance.

Energy-absorbing components are inseparable from DC circuit breakers. DC
systems include line inductors to slow down the rising rate of short circuit fault
currents [16]. The corresponding inductive energy needs to be dissipated during DC
current breaking. However, solid-state switches have a limited energy dissipation
capability [17]. To overcome this difficulty, energy absorption components are
employed. Metal oxide varistors (MOVs), paralleled MOVs, MOV and resistor-
capacitor (MOV-RC), and MOV and resistor-capacitor-diode (MOV-RCD) snubbers
are commonly used in conjunction with solid-state switches [14].

Passive snubbers have limitations in SSCBs. MOV-based snubbers clamp voltage
oscillations well, but they bring extremely high dv/dz across the main switch. MOV-
RC and MOV-RCD snubbers overcome this problem as snubber capacitance helps
effectively during the transient; MOV-RCD has better current capability compared
with the RC snubbers; however, they suffer from a conflict between the response
speed and power shock reduction during DC current interruption [18]. That is,
increasing the snubber capacitance decreases the power shock on the solid-state
switches, but it elongates the reaction time interval in the breakers. The situation
is worsened when ultrafast SSCBs aim to be optimally coordinated in DC systems
[19].

This chapter deals with the application of auxiliary active injection circuits
in eliminating power shock on solid-state switches in SSCBs. Active injection
circuits have been reported in mechanical and hybrid breakers to alleviate the
arcing problem in mechanical disconnectors during DC current interruption [20—
22]. In mechanical breakers, the countercurrent pulse is generated by a resonant
LC circuit, and it is controlled by an injection switch. The injection capacitor in
the auxiliary branch can be charged by an external charger [22] or through the
DC system itself [23]. The former gives the flexibility of adjusting the injected
pulse current’s amplitude and duration, while the latter benefits from simplicity.
The injection capacitor and inductor are chosen regarding the fastness of the main
switch Sy, the maximum fault current aimed to be interrupted in the system, the
maximum voltage value on the injection capacitor, and the power density limitation
of the targeted design.

The capacitive coupling interface is also introduced in this chapter, where it
helps to enhance reliability in active injection-based breakers. In DC breakers where
the auxiliary branch is directly connected to the main branch, they are prone to
short circuit faults in the auxiliary injection circuits. This puts the reliability of DC
systems at serious risk. To avoid this issue, capacitive couplers are introduced which
act as the interface between the main and auxiliary branches and block short circuit
fault currents. The operation of MVDC SSCBs based on a capacitive coupling
interface will be demonstrated throughout the chapter.
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2 Soft Turn-Off Operation in SSCBs

Even though solid-state switches in DC breakers undergo a limited number of
switching, they experience large dv/dt and di/dt values. These result in high gate
voltage oscillations leading to device failure or false turn-on operation during
DC current interruption. MOV-RCD snubber circuits are considerably effective in
mitigating the mentioned phenomenon; however, they are not able to fully solve the
problem [24, 25].

High power shock on solid-state switches during the dc current interruption is
another critical reliability issue. In SSCBs, solid-state switches are responsible for
interrupting large DC currents. In this case, depending on fault currents amplitude
and the snubber circuits, a relatively large transient power may appear on the solid-
state switches [24]. Accordingly, high transient energy produces in the switches
during a very short period [18].

This transient energy could be the source of two major separate failures including
gate degradation and thermal runaway [26]. These two failures are the result of
the fast growth rate of the temperature inside the device. The temperature dynamic
and its growth rate are proportional to the transient power and energy in which
the device is subjected to. Degradation and thermal runaway temperatures are two
distinct boundaries in solid-state switches. The degradation of the gate structure
occurs when the surface is exposed to degradation temperature for a sufficient time.
This results in partially or entirely losing current conduction capability. In case
the temperature reaches the thermal runaway boundary, the drain current increases
exponentially followed by a permanent device failure.

Gate voltage oscillations and transient power are current-dependent. Meaning
that reducing the current amplitude in solid-state switches during DC current
interruption helps to mitigate the pointed challenges. The soft turn-off is a promising
solution in this matter [22, 24], which will be elaborated in the following.

Soft turn-off operation refers to the situation in which the DC current in the
switch is forced to zero during dc current breaking. To achieve this, active injection
circuits with precharge injection capacitors are utilized. The general structure of
the presented concept is shown in Fig. 6.1a. The breaker includes three branches
connected in parallel: main branch, auxiliary branch, and energy-absorbing branch,
illustrated in the following.

The critical current and voltage waveforms of the soft turn-off breaker are shown
in Fig. 6.1b. In normal operating mode, the main branch conducts the load current
through the main switch Sy, and current in the auxiliary and energy-absorbing
branch is zero. It is assumed that a short circuit fault occurs at ¢ = ¢y, and the system
current begins to increase. The current interruption process includes three main
stages: the current reaction process, soft turn-off operation, and energy absorbing
stage.

During the reaction time interval (¢ < ¢ < ), a countercurrent pulse is created
by the auxiliary branch, and it is injected into the main branch to cancel the fault
current in the main switch. Next, at = ,, when the current in the main switch Sy,
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Fig. 6.1 Soft turn-off operation [22]. (a) The general structure of active current injection-based
SSCBs is shown; the main branch includes solid-state switches; the auxiliary branch consists of
injection components, and the energy-absorbing branch involves MOVs (b) Corresponding critical
current and voltage waveforms (labeled in Fig. 6.1a) are represented

reduces to zero, Sy, is triggered to be OFF. Then, the commutated fault current in
the auxiliary branch is interrupted, forcing the fault current to the energy-absorbing
branch (3 < t < t5). Finally, the energy-absorbing elements dissipate the stored
inductive energy of the line inductor.

The operation of the breaker shown in Fig. 6.1 reveals the soft turn-off during
the DC current interruption. First, at the time of turning off the main switch, the
current in the main switch is almost zero, which helps to mitigate the gate voltage
oscillations. Also, as labeled in Fig. 6.1b, when the voltage across the solid-state
switch begins rising, the current in the switch is zero, meaning zero power shock in
the solid-state switch. All of these features are effective in enhancing the reliability
of the breaker and extending its lifetime [24].

There are two kinds of modularity in the soft turn-off SSCBs. Regarding Fig.
6.2a, multiple solid-state switches can be connected in parallel to achieve higher
efficiency and current interruption capability [14]. In this case, to achieve a soft turn-
off operation, each solid-state switch is accompanied by its auxiliary and energy
storage branches. In addition to simplicity during the design procedure, this kind
of modularity results in current scalability, which is highly useful for the future
development of DC systems. Also, it is highly effective in addressing any possible
glitch between digital signals received by multiple solid-state switches in the main
branch. In other words, if one of the switches in the main branch turns off sooner, the
provided modularity prevents any damage to other switches due to resulted uneven
current distribution.

Figure 6.2b indicates the second type of modularity, where multiple active
injection auxiliary branches are connected in parallel to the main branch [22].
The goal is to obtain injection countercurrent pulses with different amplitudes
for fault currents under different fault resistances. Each auxiliary branch could
involve a unique injection inductor, resulting in a unique injection countercurrent
pulse. Modularity can be achieved by activating different combinations of auxiliary
branches during DC current interruption. Each auxiliary branch may include its
precharge injection capacitor, or all the auxiliary branches can share one injection
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Fig. 6.2 Implementing modularity in soft turn-off SSCBs. (a) Each solid-state switch has its
auxiliary and MOV branches. (b) Modularity in this topology can be achieved by generating
countercurrent pulses with adjustable amplitudes and durations
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Fig. 6.3 Modular active injection circuits in a soft turn-off SSCB corresponding to Fig. 6.2b [22].
The auxiliary branch includes one injection capacitor; however, multiple injection inductors are

connected in parallel. The value of injection inductors is optimized to achieve adjustable pulse
currents

capacitor as shown in Fig. 6.3 [22]. For both cases, the SSCB only consists of one
MOV branch directly connected in parallel to the main branch.

On the other hand, DC circuit breakers with active injection circuits shown in
Fig. 6.1 are prone to short circuits in the auxiliary branch. This practical issue could
reduce the reliability of the implemented protection systems and result in safety
challenges. Figure 6.4 shows two general structures of DC circuit breakers with
auxiliary circuits in DC systems. In Fig. 6.4a, the precharge injection capacitor
is fully charged through an external charger; while in the topology of Fig. 6.4b,
the injection capacitor is charged by the DC system itself controlled by a charging
switch.

In both structures of Fig. 6.4, the potential failures are shown [27]. In Fig. 6.4a,
the short circuit failure path creates its way through the injection inductor L,, the
injection switch S,, and the external charger Vcp-Scy. In such a short circuit failure,
the circuit breaker is bypassed, leaving the DC system without protection. In the
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Fig. 6.4 Potential short circuit failures in active injection circuit-based circuit breakers [27]. (a)
A short circuit may occur through the external charging converter, bypassing the circuit breaker
and leaving the DC system without any protection. (b) Short circuit failure may occur through the
injection switch S¢p, resulting in a short circuit in the DC link

second scenario of Fig. 6.4b, the failure path leads to a short circuit close to the DC
source; the fault is created through the injection inductor L,, the injection switch Sy,
and the charging switch Scp. Although a residual current mechanical disconnector
can separate the circuit breakers from the DC source during the OFF-state, it is not
practical when multiple SSCBs are in the DC systems [28, 29]. Therefore, solving
the problem inside the circuit breakers is more effective.

3 Capacitively Coupled Soft Turn-Off SSCBs

A capacitive couple-based interface is a promising solution to prevent the potential
failures described in Fig. 6.4. The general topology is shown in Fig. 6.5a [27]. The
auxiliary branch is connected to the main branch through two coupling capacitors.
The couplers allow the transient pulse currents during DC current interruption, but
they prevent short circuit faults in the case of any failure. The coupling capacitance
is in the range of hundreds of nano-Farad, which can be easily built using couplers
with enough airgap for the sake of voltage isolation. As the capacitance is low, it
does not reduce the power density of the final design.
Regarding Fig. 6.5, a few points can be highlighted below:

1. As coupling capacitors are in the range of hundreds of nano-Farad, the injected
pulse current during DC current interruption should be short with sufficient flat-
top profile (Atg in Fig. 6.5b) to achieve soft turn-off operation.

2. The auxiliary branch is completely isolated from the DC power system; in this
case, an external charger is used to charge the injection capacitor C, in the
auxiliary branch.

3. When the main switch Sy, is ON, the voltage across the coupling capacitors is
almost zero. During the turn-off process, coupling capacitors share the DC bus
voltage. Also, overshoot voltages across the couplers can be clamped as will be
further described in the section.
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Fig. 6.6 Boost converter-based current pulse generator is represented [30]. The current pulse
generator is designed using the working principle of the Boost converters

4. A well-defined digital communication is required between the main and auxiliary
branches during DC current interruption.

5. Both modular topologies illustrated in Fig. 6.2 can be applied to the capacitively
coupled SSCBs.

6. Energy-absorbing elements can be directly connected in parallel to the main
branch, and it does not interfere with the operation of the auxiliary branch and
the capacitive couplers.

With respect to Fig. 6.5a, the auxiliary active injection branch should generate
a pulse current with a short duration to optimize the coupling capacitors. That is,
Atg of Fig. 6.5b aims to be decreased as much as possible, which helps to reduce
charge currents flowing through the coupling capacitors. To achieve this goal, the
Boost converter-based current pulse generator of Fig. 6.6 is highly applicable [30].

The current pulse generator mainly includes an auxiliary low voltage DC source
Vaux, an injection precharge capacitor Cy, an injection inductor L,, an injection
controlling switch S;, a snubber capacitor Cs, an MOV element for protecting the
injection switch, and an output diode D,. The auxiliary branch is connected in
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Fig. 6.7 The operating modes of the Boost converter-based current pulse generator are represented
[30]. It is assumed that the injection capacitor C, is charged by the auxiliary source Vyx, and Vyyx
is not involved in the presented analysis

parallel to the main branch through the capacitor couplers. The main branch consists
of MOSFET switches whose body diodes help achieve soft turn-off operation.

Figure 6.7 indicates the operating modes of the Boost converter-based current
pulse generator in injecting a countercurrent pulse current to the main switch Sy,.
The operation is explained in the following.

Mode I The auxiliary switch S, turns on, and the energy stored in the precharge
injection capacitor C, is transferred to the injection inductor L,. The inductor current
begins to increase whose slope depends on the pre-charge voltage on the injection
capacitor Vyyx, the injection capacitance Cy, and the injection inductance L,. During
this mode, no current flows through diode D, and capacitive couplers. Also, as the
injection switch S, is ON, the voltage across the snubber capacitor Cs, the MOV,
and coupling capacitors remains zero.

Mode II The amplitude of the injection inductor current reaches a threshold value
specified in the SSCB; then, the control algorithm triggers the injection switch S,
to be OFF. In this case, the snubber capacitor Cs, connected in parallel to Sy, starts
charging. The value of C, is chosen optimally to protect S, from high dv/d¢ during
the turn-off process. The voltage across C, continues increasing; the current in the
injecting diode D; is still zero.

Mode III The voltage across the snubber capacitor Cs reaches the auxiliary
voltage Vyux. The injection diode D, turns ON, where it begins to conduct the
countercurrent pulse and inject it to the main branch through the capacitive couplers.
Simultaneously, the current in the main switch Sy, reduces to zero, obtaining a
current zero-crossing point in the main switch. As the current approaches zero in
Sm, the main branch’s control board turns Sy, off, meaning a soft turn-off operation,
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Fig. 6.8 Capacitive couple-based SSCB is shown in a medium voltage DC system with the line
inductor Ly iy and the resistive load Ryoaq [27]. The Boost converter-based current pulse generator
is connected to the main branch through coupling capacitors C| and C>

e.g., Fig. 6.1b. It is noted that the body diodes of the main switch Sy, are effective,
highlighted in the next section.

Mode IV As the pulse current flows through the capacitive couplers, the coupler’s
voltage rises. As the voltage reaches the clamping voltage of the snubber MOV, the
MOV switches to the clamping mode. The MOV’s resistance reduces significantly
and conducts the tail of the injection inductor current L,. In this case, the current
in the injection diode D, and the coupling capacitors reduces to zero. The MOV
continues in the conduction mode till it absorbs all the energy of the injection
inductor L,. Finally, the MOV returns to the leakage current mode and blocks the
auxiliary voltage Vyyx.

The design procedure of the current pulse generator has been well described in
[30]. The primary aim is to obtain a countercurrent pulse with sufficient amplitude
and profile to implement a reliable soft turn-off during DC current interruption. The
next design objective is minimizing the capacitance of the couplers, as it helps to
achieve a compact and low-cost design. Therefore, the auxiliary source voltage Vyx,
the injection capacitor C,, the injection inductor L,, and the clamping voltage of the
snubber MOV along with all the parasitic components are included in the design
procedure.

Regarding the soft turn-off technique, the capacitive couple-based interface, and
the Boost converter-based pulse current generator, an MVDC soft turn-off SSCB
with the capacitive couple interface is developed and analyzed. Figure 6.8 indicates
the capacitively coupled MVDC SSCB [27]. The dc bus voltage is Vgc, Liine
emulates the line inductor, and the load is assumed to be resistive Ry oad. The main
branch is constructed from SiC power MOSFET modules. The auxiliary branch
follows the same topology as the current pulse generator in Fig. 6.6. Capacitive
couplers are labeled as C1 and C, whose values are assumed to be the same, meaning
Ci=C=C.

As indicated in Fig. 6.8, the current pulse generator also includes the couplers
reset resistor Rpeset and the damping resistor Raamp. The couplers’ reset resistor
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Fig. 6.9 The operating modes of the capacitive couple-based SSCB are shown [27]. The circuit
breaker is in a DC system with the line inductor Lj jpe and the load Ry oaq. Modes II and III indicate
the closing process and couplers reset mode. Also, a short circuit fault is emulated by Ry, where it
starts from mode IV. The circuit breaker reacts to fault in mode V

is used to discharge the capacitive couplers when the main switch Sy, turns on,
but small values of Ryese result in leakage currents during the breaker OFF-state.
Therefore, a tradeoff should be made in selecting Ryeset. Also, the damping resistor
Rdamp damps the ringing flat-top of the injected countercurrent pulse, but large
values of Rgamp lead to a small Atg shown in Fig. 6.5b.

The operating modes of the capacitively coupled soft turn-off SSCB are shown
in Fig. 6.9, where the closing process, normal operating mode, and fault current
interruption are indicated. Also, the corresponding critical electrical waveforms of
Fig. 6.9 are displayed in Fig. 6.10. Regarding Figs. 6.9 and 6.10, the operation of
the breaker is explained below.

During mode I (before #y), the circuit breaker is OFF. The DC bus voltage places
on the main branch vgy = Vy. In the auxiliary branch, the injection capacitor Cy,
charges to Vaux using an auxiliary voltage source Vcin = Vaux. As the current in the
injection inductor L, is zero, the injection switch S, holds the same Vj,,x voltage,
meaning vsy, = Vaux. Each capacitive coupler holds half of Vyux + Vyc. It is noted
that both coupling capacitors are assumed to be the same; in this case, vc1 = vea.

The circuit breaker turns on during modes II and III (zy < 7 < #1) and undergoes
its closing stage and capacitive couplers’ reset process. Sy, turns on at ¢t = #y and
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Fig. 6.10 The critical electrical waveforms of the capacitive couple-based SSCB are shown [27].
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occurrence (mode IV during #; <t < 1), and fault current interruption (t, <t < t¢) are shown

conducts the load current. The capacitive couplers begin discharging on the reset
resistor Rreser, Where their voltage finally reaches ve1 = vea = Vaux/2. The current
in the auxiliary branch remains zero. There is a leakage current in resistor Ryeget, but
it is negligible.

A short circuit fault with the fault resistance Ry occurs at ¢ = #; during mode IV.
The circuit breaker reacts to the fault during mode V by turning on the injection
switch S, (f2 < t < 13). Consequently, the pulse current in the injection inductor
L, increases. As shown in mode VI, at t = t3, S, turns off, and the current of the
injection inductor L, flows through the capacitive couplers as also described in Fig.
6.7.

In mode VII, at t+ = t4, the main switch S, current reduces to zero, and Sy, is
triggered to be OFF. A soft turn-off operation is achieved, where Sy, turns off under
zero power shock. During mode VIII (74 < t < #5), the fault current commutates to
the auxiliary branch, and it finally reduces to zero. Also, the remaining inductive
energy of the injection inductor L, is dissipated in the snubber MOV (refer to Fig.
6.7). The interruption completes, and the circuit breaker goes back to mode I. The
voltage on Sy, stabilizes on V., and the voltage on each coupler is (Vyux + Vic)/2.



130 F. Lu and R. Kheirollahi

4 Experimental Study of Capacitively Coupled-Based SSCBs
in MVDC Systems

To further analyze the proposed capacitively coupled soft turn-off SSCB, it is
experimentally studied [30, 31]. Figure 6.11 shows the experimental setup. The
SSCB is shown in Fig. 6.11. In the main branch, 12 CAB-450M12XM3 SiC
MOSFET power modules are connected in a 4 x 3 matrix. MOV-RCD snubber
circuits include MOV V661HA40, the snubber diode C4D20120, and 100 € and
200 nF as the snubber resistor and capacitor, respectively. The main branch gate
drivers are supplied by an inductive wireless power transfer system to obtain voltage
isolation between four layers. The main branch is controlled by a TMS320F28335
DSP from TI.

Soft Turn -off Capacitive Couple -based SSCB

e

MOV-RCD -

H-Bridge
Inverter

H-Bridge
Inverter
/=500 kHz

A1

VVV

Line -
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Fig. 6.11 4kV/100 A DC short fault current interruption setup [31]. The system involves a 600 F
DC link capacitor charged to 4 kV using an inductive wireless capacitor charger. The line inductor
is 7 mH; the load resistance is set to 285 2. Thyristor switches are used to emulate a short circuit
fault current. The schematic of the soft turn-off capacitive couple-based SSCB is highlighted,
where main branch switches are constructed from 12 SiC power modules in a 3 x 4 matrix
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Fig. 6.12 Experimental results of the soft turn-off capacitive couple-based SSCB [31]. The main
branch voltage, line current, and capacitive couple current waveforms are represented

Two 280 nF/10 kV film capacitors are used as the coupling interface between
the main and auxiliary branches. In the auxiliary branch, two SSNG-0300Q170300
IGBT power modules are used for the injection switch S,. The injection inductor
is Ly = 314 pH; the injection capacitor C; = 200 wF, where its voltage is kept
at 600 V using a series-parallel inductive wireless power transfer converter. The
injection diodes are C4D20120, and the Rreser and Rgamp resistors are 3 k€2 and
15 Q, respectively. The breaker is tested in a 4 kV DC system, where the line
inductor is 7 mH and the resistive load is 285 2. To emulate a short circuit fault, four
MCNAG650P2200CA thyristors are connected in series, where a bilateral wireless
power relay system is used to trigger the thyristors reliably.

Figure 6.12 shows the experimental results. The line current, capacitive coupler
currents, and the main branch voltage are indicated. In steady-state, the circuit
breaker supplies 14 A load current. A short circuit fault is created at + = 550 s
through the thyristor switches. The breaker interrupts the fault current within 77 s,
where the peak of system current reaches 97 A and Sy experiences 5.36 kV
overshoot voltage.
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Fig. 6.13 Experimental results of the soft turn-off capacitive couple-based breaker. The main
branch voltage and the main switch current waveforms are shown. As indicated, the main switch
Sm turns off under zero power shock
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Fig. 6.14 Experimental results of the soft turn-off capacitive couple-based breaker [31]. The
voltage balance between different layers of the main branch is shown. The voltage measurements
indicate a voltage balance between the top two layers and the bottom two layers

Figure 6.13 reveals one of the promising advantages of the soft turn-off SSCB
based on a capacitively coupled interface. The main switch current and the main
branch voltage waveforms are displayed in Fig. 6.13. According to the operation of
the capacitive couple-based SSCB, the main switch Sy, turns off when the current in
Sm reduces to zero. That is, the main switch voltage rises when there is no current
in Sy, leading to a zero transient power on the main switch. This point has been
highlighted in Fig. 6.13. The achieved zero power shock in the main switch Sy,
obtains a safe operation, improves its current interruption capability, and helps to
enhance reliability.

Furthermore, Fig. 6.14 shows the transient voltage balance between the top and
bottom layers during DC current interruption, which verifies the effectiveness of the
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implemented symmetrical and efficient structure in the main branch. As is clear in
Fig. 6.14, the voltage of the top two layers and the bottom two layers are evenly
balanced during the transient and steady-state operation.

5 Conclusions

Applying transient current commutation to DC SSCBs achieves a soft turn-off
operation during current interruption. For soft turn-off SSCBs, in the main branch,
the voltage and current waveforms of the main switch have no overlaps during the
turn-off process, leading to zero transient power and energy. Also, reducing the main
switch current to zero mitigates the gate’s voltage oscillations, resulting in a higher
degree of reliability. When the main switch experiences a high change in its drain-
source voltage, its gate voltage has already stabilized at zero or negative values,
which reduces the possibility of a false turn-off. All these advantages improve the
reliability of the SSCBs and extend the lifetime in the long term. Meanwhile, the
active injection branch is fast and compact under modularity and scalability.

A capacitive couple-based interface between the main and auxiliary branches
enhances the reliability of the DC system under operation. It prevents short
circuits in the DC link close to the upstream breakers. In the meantime, a
Boost converter-based current pulse generator allows transient current commutation
through capacitive couplers. The current pulse generator works with a low-voltage
auxiliary source, its generated pulse current is adjustable in terms of amplitude and
duration, and it communicates synchronously with the main branch in a reliable
manner. As the injected pulse current is short, the coupling capacitors’ values are
small, resulting in a compact design. The capacitively coupled soft turn-off MVDC
SSCBs are a promising solution for implementing a robust protection system in
MVDC power networks.
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