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Abstract—DC microgrids are increasingly recognized as a
promising solution for enabling an efficient and reliable energy
transition. However, their widespread deployment remains con-
strained by the inherent complexity of DC microgrid protection.
The short length and low inductance of DC distribution lines,
combined with large DC-link capacitors, result in extremely
steep short-circuit current transients with rates of rise reaching
several hundreds of amperes per microsecond, leaving a very
limited time window for fault detection, interruption, and selec-
tive operation. This paper proposes a novel protection coordina-
tion strategy for radial DC microgrids that employs the rate of
rise of fault current as the primary coordination parameter. In
contrast to most existing approaches, which rely mainly on the
absolute magnitude of fault current and face inherent limita-
tions in DC systems, the proposed method investigates the feasi-
bility of using the fault current slope as the key coordination
metric and establishes systematic criteria for determining ap-
propriate threshold settings for circuit breakers at different lo-
cations within the microgrid. The proposed strategy is validated
through comprehensive simulation studies under various grid
configurations and load conditions, and the results demonstrate
effective coordination of multiple circuit breakers using the pro-
posed threshold-setting framework, ensuring selectivity, and
fast fault isolation.

Keywords— DC circuit breaker, DC-link capacitor, fault coor-
dination, rate-of-rise, protection

I. INTRODUCTION

Protection in DC power systems has long been considered
challenging due to the absence of natural current zero-cross-
ings, the sustained presence of electrical arcs during fault in-
terruption, and the substantially higher rate of rise of fault
currents compared with AC systems [1]. Recent progress in
DC circuit breaker (CB) technologies, particularly the devel-
opment of solid-state [2] and hybrid topologies [3], has alle-
viated the first two challenges to a large extent by enabling
rapid and arc-free fault interruption. However, the extremely
fast escalation of fault currents remains a critical unresolved
issue, significantly complicating the design of reliable fault
detection schemes and the coordinated operation of CBs in
DC networks.

The rapid rise of fault current in DC systems primarily origi-
nates from the combination of low line inductance, due to
short cable lengths, and the presence of large DC-link capac-
itors. While short-circuit faults in AC systems typically
evolve over several tens to hundreds of milliseconds, a solid
pole-to-pole fault in a DC microgrid can exhibit current rise
rates on the order of hundreds of amperes per microsecond.
Such transient behavior dramatically reduces the available
time for fault detection, decision-making, and protection co-
ordination, rendering conventional protection approaches in-
effective. Overall, the high rate of rise of DC fault current
results in two fundamental challenges associated with fault
detection and protection coordination in DC systems.
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Fig. 1. Coordination mismatch between upstream and downstream CBs.

1. The first challenge is associated with the accurate meas-
urement of the fault-current magnitude. Current sensors
are typically limited in bandwidth, resulting in attenuation
of high-frequency components in the measured signal. In
addition, although the series inductance of such sensors is
generally only a few nanohenries, under fault conditions
characterized by extremely high rates of current rise, this
small inductance gives rise to a significant measurement
error. For example, when a 1-mQ shunt resistor is used for
fault-current measurement, the parasitic inductance of this
shunt resistor (e.g., approximately 2 nH) introduces an ad-
ditional voltage drop. For a fault current exhibiting a di/dt
of 500 A/us, the voltage across this parasitic inductance
reaches 1 V, which corresponds to an apparent error of
approximately 1000 A in the inferred current.

2. The second major challenge is related to the loss of selec-

tivity in interruption coordination strategies that rely
solely on the fault-current magnitude. As illustrated in
Fig. 1, such approaches are prone to misoperation under
conditions of extremely high fault-current rise rates. In the
shown example, the downstream circuit breaker is config-
ured with a current threshold of 63 A, while the upstream
breaker is set to 125 A. For fault-current rise rates on the
order of 100 A/us, which are fully realistic in most DC
applications, the fault current exceeds the upstream
breaker threshold during the inherent delay of approxi-
mately 2 us between fault detection and interruption by
the downstream breaker, a typical value for solid-state cir-
cuit breakers. Consequently, both breakers are triggered,
resulting in unnecessary upstream interruption and the
disconnection of a large portion of the DC network [4].

Current interruption coordination strategies in DC grids are
largely derived from the i%t-based approaches originally de-
veloped for AC systems [5]. Traditional fault-interruption de-
vices, such as electromagnetic CBs and fuses, rely on me-
chanical or sacrificial elements that operate based on the en-
ergy released during a fault, making energy-based coordina-
tion methods appropriate for such systems. In contrast, most
modern DC protection technologies, including solid-state and
hybrid CBs, utilize electronic sensing mechanisms that detect
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Fig. 2. Single-line diagram of the evaluated sample DC microgrid.

threshold crossings rather than accumulated energy. This fun-
damental difference suggests that new coordination strategies
could be developed to enable ultra-fast and more effective in-
terruption in DC networks.

To improve the robustness of fault detection in DC systems,
several previous studies have investigated the use of the rate
of rise of fault current (di/dt) as the primary fault indicator,
rather than relying on the absolute value of the fault current
[6]-[7]. By employing di/dt-based detection, the adverse
impact of parasitic inductances associated with current sen-
sors can be significantly reduced, as the fault indicator is de-
rived directly from the transient behavior of the current rather
than from its instantaneous magnitude. In addition, the rate of
rise of current exhibits inherently higher sensitivity to fault
inception compared to fault current magnitude, since the
maximum di/dt in the fault loop typically occurs immedi-
ately following fault initiation. As a result, fault detection can
be achieved at an earlier stage, before the fault current
reaches high absolute levels, enabling faster reactions.

The primary objective of this study is to investigate the feasi-
bility of extending the use of the fault-current rate of rise be-
yond fault detection to serve as the main coordination signal
governing the operation of CBs in DC microgrids. Achieving
this objective requires the development of a systematic coor-
dination framework in which di/dt thresholds are defined
such that CBs located electrically closer to the fault are guar-
anteed to operate faster than upstream devices. Since the
maximum di/dt typically occurs immediately after fault oc-
currence, this approach is inherently well suited to address
the aforementioned challenge of protection coordination, par-
ticularly under fault conditions characterized by extremely
steep current transients. By exploiting the spatial variation of
current rise rates along the feeder, selective operation can be
achieved even in scenarios where conventional magni-
tude-based coordination becomes ineffective.

Despite these advantages, the use of di/dt as the primary co-
ordination parameter also introduces potential limitations that
must be carefully considered. In conventional magni-
tude-based protection schemes, backup protection is inher-
ently provided, as a failure of the downstream CB results in a
continued increase of the fault current until the threshold of
the upstream CB is exceeded, allowing fault isolation at
higher hierarchical levels. In contrast, di/dt-based coordina-
tion may compromise this backup functionality, since the rate
of rise of current of some of breakers is highest at the fault
moment and may never exceed upstream thresholds if the
downstream CB fails to operate. Nevertheless, this limitation
can be mitigated through appropriate threshold selection that
explicitly accounts for both the faster and higher di/dt ob-
served at locations closer to the fault. By incorporating these
dependencies into the coordination design, selective opera-
tion can still be achieved while preserving a degree of backup
protection within the di/dt-based framework.

The second complication concerns the accurate acquisition of
the fault-current rate of rise. When di/dt is obtained through
numerical differentiation of measured fault-current magni-
tude, required high sampling rates make the calculated signal
highly sensitive to measurement noise. Moreover, the use of
repeated measurements and filtering to suppress noise inevi-
tably increases detection latency, which is particularly detri-
mental in DC systems with extremely fast fault transients.
These limitations represent a key reason why di/dt-based
approaches have often been avoided in practical fault detec-
tion schemes. In this work, however, the voltage across ded-
icated measurement inductors is utilized as a direct physical
representation of di/dt, thereby avoiding numerical differ-
entiation and significantly improving robustness. This ap-
proach introduces an additional degree of freedom in the pro-
tection design, as coordination can be systematically
achieved through appropriate sizing of the measurement in-
ductors, enabling selective operation without compromising
detection speed.

The remainder of this paper is organized as follows. Sec-
tion I presents the proposed protection coordination frame-
work and derives the reaction thresholds for representative
radial DC microgrid configurations with different load types
and locations. Section III provides comprehensive simulation
results for the considered configurations and validates the ef-
fectiveness of the proposed threshold-definition methodol-
ogy. Finally, Section IV concludes the paper and summarizes
the main findings.

II. FAULT CURRENT DERIVATIVE-BASED COORDINATION

This section aims to develop an analytical framework for
determining di/dt-based fault detection thresholds for differ-
ent DC circuit breakers in a DC microgrid. In AC systems,
fault detection thresholds are typically derived from exten-
sive load-flow analyses under multiple contingency scenar-
i0s. Although similar simulation-based approaches can be ap-
plied to DC networks, this section focuses on a simplified an-
alytical formulation to determine threshold values of the fault
current di/dt. The proposed method enables systematic
threshold selection while simultaneously facilitating the siz-
ing of the measurement inductors required for coordinated
DC fault detection.

To support this objective, a simplified representative DC
microgrid, adopted from [5], is considered (Fig.2). Three
fundamental operating scenarios are analyzed on this test sys-
tem through circuit-level analytical modeling and time-do-
main simulation. The system is configured as a radial net-
work, where a CB is installed at the beginning of each sec-
tion. Each CB integrates a Fault Current Limiter (FCL) (L¢),
and the distribution lines are modelled using a series combi-
nation of resistance and inductance (Ly; j, Ry; ;). The parame-
ters of the DC network, transmission lines, and the FCL are



TABLE 1. SPECIFICATIONS OF THE SAMPLE MICROGRID

Parameter Value
Line di/dt @ 400V 2000A/ps/m
Line Specific Resistance 0.15mQ/m
FCL di/dt @ 400V 100A/us
Length 1y, l53, I3, 100, 120, 150 meters

summarized in Table I. Assuming the nominal DC bus volt-
age, inductances are translated into their equivalent fault
di/dt.

In many DC network studies, loads are commonly mod-
eled as constant active power elements, without explicitly de-
fining their physical characteristics. However, the input ca-
pacitors of end-use converters can significantly influence the
fault current, and therefore may affect di/dt-based coordina-
tion performance. To examine this effect, three scenarios are
evaluated for the sample radial DC network of Fig. 2. In the
first scenario, a single purely resistive load is connected at the
end of the line, serving as the base case for comparison. In
the second scenario, resistive loads are connected to all buses.
Finally, the third scenario considers a more realistic load rep-
resentation, where a resistive load in parallel with its input
capacitor is connected to each bus.

A. Single Loop Fault Evolution

This scenario considers a single resistive load (Ps) at the
end of the feeder, with P; and P, set to zero. Therefore, wher-
ever a fault occurs, all the upstream CBs experience similar
di/dt, and the current in the remaining breakers drops to
zero. The threshold set based on this scenario represents the
minimum value, as the absence of DC-link capacitors limits
the rate of rise of fault current. In the first stage of analysis,
measurement inductors (L,,;) in Fig. 2 are excluded from the
calculations. When a fault occurs at the beginning of line [;,
(Fy), the di/dt experienced by CB; corresponds to the max-
imum derivative permitted by the fault current limiter.

Fy > (di/dt) g, = (di/dt),, (1)

Next, if a fault occurs at the end of line l;, (denoted as
F,), the di/dt experienced by CB; can be determined as fol-
lows:

1 1 1
(@i/dt)pe — (di/dt)y,

Fy = (di/dt) gep = ( 2)

Considering identical fault current limiters, the rate of rise
of fault current can also be illustrated through examples for
faults at locations F; and Fs, calculated as follows:

2 1 1

Fs = (di/dt) gcp, s, = ((di/dt)fcl (@i/av,,, 3)
. _ 3 1
Fs > (di/dt) ocp, c,.cm, = ((di/dt)fcl (di/dt);,,
) )

(di/dt)p,,

As shown in (3) and (4), in a microgrid with a single load
at the end of the feeder, all upstream circuit breakers experi-
ence identical fault current di/dt, representing the worst-
case scenario for di/dt-based coordination. To ensure robust-
ness of the proposed protection strategy under diverse oper-
ating conditions, small measurement inductors are integrated
into each circuit breaker (L,,;). The voltage across these in-

TABLE II. COORDINATION STRATEGY PERFORMANCE EVALUATION
(SINGLE LOOP SCENARIO)

Voltage across L,,; (V) Does CB react?
Location | V(L) | V(Lyz) | V(Liz) | CBy | CB, | CBs
F, 10 <0 <0 J X X
F, 1.666 <0 <0 v X X
F3 1.428 3.142 <0 X v X
Fy 0.769 1.692 <0 X v X
Fs 0.714 | 1571 | 2.642 X X v
Fg 0.465 1.023 1.720 X X v

ductors provides an accurate representation of the di/dt de-
tected by each CB. Also, by employing inductors with differ-
ent inductance values, prioritized protection zones can be ef-
fectively coordinated as the CBs at the end of the line are
equipped with larger measurement inductances capable of
reaching higher thresholds, while upstream CBs utilize
smaller inductances. Measurement inductors with graded in-
ductance values guarantee that only the inductor voltage of
the circuit breaker nearest to the fault exceeds the detection
threshold.

When selecting measurement inductors, it is first neces-
sary to ensure that their inductances remain sufficiently small
compared to the corresponding line inductances. Moreover,
by choosing proportionally scaled measurement inductors, a
single unified detection threshold can be employed across the
entire system, thereby simplifying protection design. To es-
tablish a unified threshold across all CBs, the measurement
inductance integrated with each CB must be sized according
to the distance between the furthest point within the section it
protects and the main source.

As an illustrative example, the test network shown in
Fig. 2 is evaluated using the parameters listed in Table I.
Based on the corresponding line lengths, the measurement in-
ductances L1, L2, and L,,5 are selected in the ratio 1:2.2:
3.7. Accordingly, L,,, =100nH , L, = 220nH , and
L3 = 370nH are chosen. To further clarify the proposed
concept, the di/dt at different fault locations (F;—Fg) is ana-
lyzed based on the grid specifications provided in Table I, and
the resulting voltages across the measurement inductors are
calculated and summarized in Table II.

The detection threshold must be selected such that, if a fault
occurs at the beginning of the last section (F5), CB> does not
react, while a fault occurring at the end of the section closest
to the source (F,) reliably triggers CB;. Accordingly, based
on the results in Table II, the threshold should be selected
within the range 1.571- 1.666, enabling coordinated opera-
tion of the circuit breakers using a single unified threshold for
the considered sample network.

B. Fault Evolution in a Radial DC Microgrid With Multiple
Resistive Loads

This case corresponds to a scenario that has been exten-
sively investigated in prior studies. In this configuration, all
buses are connected to purely resistive loads (Py, Py, P; # 0).
The distinguishing factor between this case and the preceding
one is the specific loop in which the fault occurs.



As an illustrative example, when a fault takes place at lo-
cation Fg, the immediate fault loop is formed by load P,,
breaker 3, and transmission line 3. Load P, is located between
transmission lines 2 and 3, both of which are modeled as in-
ductive elements. Due to the inductive nature of these trans-
mission lines, their currents cannot change instantaneously at
the moment of fault inception. Consequently, the current
through load P, also remains unchanged immediately after the
fault. Furthermore, since load P, is assumed to be purely re-
sistive, the voltage at the corresponding bus remains constant
in the immediate post-fault interval.

Under these assumptions, the initial di/dt experienced by
CB; immediately following fault inception can be expressed
as follows:

: _ 4+ _ Vs(t=tg)—R34iz4(t=tg)
F6 - (dl/dt)@CB3 (t - tO) - [ (5)
Neglecting the voltage drop across line resistances, the in-
itial rate of increase of the fault current through CBj3 can be
derived analogously to the previous case by considering the
di/dt of the transmission lines and the fault current limiter.
1 1 1

Fg - (di/dt)@CB3 ~ ((di/dt)fcl (di/dt) 3, ©)

Fy = (di/dt) oo, = (di/dt),, (7

The analytical expressions derived in (5) and (6) can be
generalized to describe the immediate fault loop when a fault
occurs at any location within the grid. Notably, only in the
immediate fault loop does the maximum current rise rate, oc-
cur at the instant of fault inception. For circuit breakers lo-
cated in other loops, a sudden increase in di/dt is not ex-
pected at the fault instant. Instead, the maximum rise rate is
expected to occur after a certain delay. This delay depends
directly on the network parameters, particularly the con-
nected loads as well as the line and fault inductances. In this
study, the protection thresholds are selected such that only
one circuit breaker reaches its threshold for a given fault.
Nevertheless, the temporal separation between the instants of
maximum current rise rates experienced by different breakers
can be exploited to design an effective backup protection
strategy.

For circuit breakers located in the loop in close vicinity to
the source (CBi), the post-fault source voltage can be
assumed to remain approximately constant. Under this
assumption, the maximum di/dt , can be calculated
explicitly using the methodology presented in the previous
scenario. If the fault occurs within the same loop, this
maximum di/dt is attained immediately after fault
inception. Conversely, if the fault is located in a different
loop, the maximum current rise rate occurs at a later time,
depending on the grid parameters; however, the magnitude of
the maximum di/dt remains unchanged.

For all remaining circuit breakers that are neither part of
the immediate fault loop nor located in close vicinity to the
source, the evolution of the di/dt is governed by the time
constants associated with the voltage decay at the buses con-
nected to the line in which the breaker is installed. Specifi-
cally, di/dt depends on the rates at which the voltages at the
two terminal buses decrease following a fault.

TABLE III. COORDINATION STRATEGY PERFORMANCE
EVALUATION (MULTI-RESITIVE LOAD SCENARIO)

Max. voltage across L,,; (V) Does CB react?
Location | V(L,;) | V(Limz) | V(Limz) | CBy | CB, | CBs

Fy 10 <0 <0 V4 X X
F, 1.666 <0 <0 v X X
Fy 1.428 12 <0 X v X
Fy 0.769 1.713 <0 X v X
Fs 0.714 | 1.498 15 X X v
Fe 0.465 0.774 1.764 X X v

As an illustrative example, if a fault occurs at location Fg,
the di/dt experienced by CB: is determined by the voltage
decay dynamics of Buses 2 and 3. The voltage drop time con-
stant of each bus can be calculated based on the load re-
sistance connected to that bus and the inductance between the
bus and the fault location. Denoting the voltage decay time
constants of Buses 2 and 3 as 7, and 73, respectively, the re-
sulting di/dt at CB, depends on the relative rate at which the
voltage at Bus 3 decreases compared to that at Bus 2.

When 7, and 75 are equal, the maximum current rise rate,
di/dt, can be calculated using the same methodology pre-
sented for the previous scenario. However, 7, and 75 are
functions of the connected loads and the fault inductance.
Since a fault may occur at any location along Line 34 and the
load conditions may vary, the protection thresholds must be
selected such that selectivity is preserved under all fault con-
tingencies. Consequently, the maximum possible di/dt ex-
perienced by CB; must be determined in order to appropri-
ately define its threshold. The maximum di/dt at CB2 oc-
curs when 73 is minimized, corresponding to the fastest volt-
age decay at Bus 3. Therefore, to determine the worst-case
di/dt, the fault inductance must be minimized and the load
resistance connected to Bus 3 must be maximized. This con-
dition corresponds to a fault occurring at the beginning of
Line 34 (F5) combined with an infinite load resistance (i.e.,
no load), which results in the maximum di/dt for CBs,.

. Va(t=tg)—Rapsiz3(t=tg)
F5 - Max (dl/dt)@CBz — 2 021[,612_,,3;2233 0 (8)
. ~ 2 1 _1
Fs - Max(dl/dt)@CBz = ((di/df)fcl (di/df)123) ®

In this scenario, to establish a unified protection threshold
across the network, the measurement inductances are selected
to be proportional to the lengths of the lines for which the
maximum current rise rates have been calculated. Accord-
ingly, unlike the previous scenario, the measurement induct-
ances L,,q, Ly, and L,,5 are selected in the ratio 1: 1.2: 1.5.
Accordingly, L,,; = 100nH , L,,, = 120nH, and L,3; =
150nH are chosen. The corresponding results are calculated
and summarized in Table III. As evident from these results,
any threshold value within the range of 1.498- 1.666 ensures
selective protection.

C. Fault Evolution With Multiple R-C Loads

The inclusion of capacitors increases the complexity of
the analytical framework. However, this does not necessarily
imply an increase in the fault current rise rate. On the con-
trary, under typical operating conditions, capacitors tend to



result in a smoother fault transient. As discussed in the previ-
ous section, the rate of rise of the fault current experienced by
each circuit breaker is governed by the manner in which the
bus voltages decay in response to a fault.

In the presence of very small capacitances with low equiv-
alent series resistance (ESR), the capacitor voltage decay may
exhibit oscillatory behavior, which can lead to high values of
inductor di/dt. By applying the superposition principle, the
contribution of each capacitor and source can be analyzed in-
dependently. At the instant of fault inception, each capacitor
forms a series RLC circuit, whose transient response is deter-
mined by the relationship between @ = R /2L and the natural
frequency wy, = 1/VLC. In practical DC microgrids, DC-
link capacitors are typically large in order to support the load
for a specified duration, and larger capacitance values are
generally associated with higher ESR. In combination with
relatively short line lengths, this configuration is likely to re-
sult in an overdamped voltage response. Under overdamped
conditions, the bus voltages do not undershoot their steady-
state values, and consequently, the resulting di/dt remains
within the bounds described in the previous scenario. The rate
of rise of the fault current in the immediate fault loop remains
unchanged, while circuit breakers in other loops may experi-
ence even lower di/dt due to the smoother voltage decay.
Therefore, under overdamped conditions, the coordination
strategy developed in the previous scenario remains valid.

Nevertheless, long line lengths or small capacitance val-
ues may give rise to an underdamped response. To ensure that
the system operates within the overdamped regime, a load-
flow-based analysis of the network parameters is required.

III. SIMULATION VERIFICATION

This section presents the simulation results obtained for
the sample grid shown in Fig. 2, using the system specifica-
tions summarized in Table I. All three predefined scenarios
are implemented in MATLAB/Simulink to evaluate the pro-
posed threshold selection strategies. In all cases, a solid fault
is applied at t = 0.01s at various locations (F;—Fg), and the
measured voltages are evaluated against the preselected pro-
tection thresholds.

A. Single Loop Fault Simulation Results

Fig. 3 presents the MATLAB/Simulink simulation results
for the voltages measured across the sensing inductors during
fault events under Scenario A. In this scenario, P; and P, are
set to zero, while P; = 16kW. A solid fault with a resistance
of 1 mQ is applied at various locations (F;—Fg), and the re-
sulting voltages across the measurement inductances (L,,; =
100nH, L,,, = 220nH, and L,,; = 370nH) are evaluated
against a unified threshold of 1.63 V, indicated by the red
dashed line. As shown, for each fault condition, only the up-
stream circuit breaker closest to the fault reaches the thresh-
old, while the others remain below it. This behavior confirms
the effectiveness of the proposed unified threshold coordina-
tion strategy.

B. Fault Evolution in a Radial DC Microgrid With Multiple
Resistive Loads

Fig. 4 presents analogous simulation results for the volt-
ages measured across the sensing inductors under Scenario B.
In this scenario, P;, P,, and P; are set to 32 kW, 32 kW, and
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10 2
g cBt— |\ | [T
CB2 =
6| cr3 —
4l g 0
2 F2
e
0
2 2
0.00 0.01 0.02 0.00 0.01 0.02
12 2
o 1
: N
F3 0
3 F4
0 -1
3 -2
0.00 0.01 0.02 0.00 0.01 0.02
15 2
10
1
5| F5 F6 K
0 0
0.00 0.01 0.02 0.00 0.01 0.02
Time(s)

Fig. 4. L,,; voltages for Scenario “B” at different locations (F;—Fj).

16 kW, respectively. A fault with a resistance of 1 mQ is ap-
plied at various locations (F;—Fg), and the resulting voltages
across the measurement inductances (L,,,; = 100nH, L,,, =
120nH, and L,,3 = 150nH) are evaluated against a unified
threshold of 1.6 V. Similar to the previous scenario, only the
upstream circuit breaker closest to the fault reaches the
threshold, while the remaining breakers stay below it.

C. Fault Evolution in a Radial DC Microgrid With Multiple
R-C Loads

Fig. 5 presents similar simulation results for the voltages
measured across the sensing inductors under Scenario C. In
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Fig. 5. L,,; voltages for Scenario “C” at different locations (F;—Fj).

this scenario, P;, P,, and P; are set to 32 kW, 32 kW, and
16 kW, respectively. In contrast to the previous scenarios, ca-
pacitive elements are included. A 10 mF capacitor with an
ESR of 0.1 Q is connected in parallel with each 32 kW load,
while a 5 mF capacitor with an ESR of 80 mQ is connected
in parallel with the 16 kW load.

A fault with a resistance of 1 mQ is applied at various lo-
cations (F;—Fg), and the resulting voltages across the meas-
urement inductances (L,,; = 100nH, L,, = 120nH, and
Lz = 150nH) are evaluated against a unified threshold of
1.6 V. Similar to the previous scenarios, only the upstream
circuit breaker closest to the fault reaches the threshold, while
the remaining breakers remain below it.

IV. CONCLUSION

This paper proposed a protection coordination strategy for
radial DC microgrids based on the rate of rise of fault current
rather than the conventional fault current magnitude, directly
addressing the challenges posed by extremely fast fault
transients in low-inductance DC networks. An analytical
framework was developed to systematically derive di/dt
thresholds for circuit breakers at different locations, enabling
selective and fast fault isolation. While this work established

a coordination methodology based on a unified threshold
setting combined with graded measurement inductances, the
proposed framework is not restricted to a single global
threshold. In practical systems with variable load conditions
and fixed hardware parameters, the use of breaker-specific
di/dt thresholds provides an additional degree of freedom that
can be exploited to further enhance coordination robustness
and reliability.
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