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Abstract - DC microgrids are regarded as a pathway

to substantially enhance buildings energy efficiency and

improve integration with distributed generation and stor-

age devices. In low power DC power systems, the lack

of galvanic isolation at the utility grid interface will gen-

erate a common-mode (CM) path that will provide a low

impedance circuit for DC bus ground faults and electric

shock currents. Therefore the mitigation of CM voltages

in the microgrid DC bus is important to contribute to a

safer environment for users. In this paper, the CM voltage

spectrum of DC microgrids with single-phase grid inter-

face will be analysed and solutions to attenuate it will be

discussed. A feed-forward active compensation technique

is proposed to reduce the magnitude of low frequency com-

ponents in the CM voltage spectrum. Experimental re-

sults show that this technique can attenuate the CM volt-

age to non-dangerous magnitudes without interfering with

the microgrid differential mode behaviour.

Keywords – Common-mode voltage, Dc microgrids, Dc

power distribution, Safety.

I. INTRODUCTION

DC power distribution systems are being considered as a

promising alternative for the deployment of net zero energy

commercial buildings, promoting simpler and more efficient

integration with renewable energy resources and storage de-

vices, as well as improving the building energy efficiency and

reliability [1–3]. The basic architecture of a DC microgrid

considered for such application is depicted in Figure 1, where

a 300V-400V DC bus serves as a backbone to interconnect

local power generation and energy storage to loads and sec-

ondary low voltage AC and DC buses. The utility grid inter-

face is performed by a bidirectional AC/DC converter, referred

in this paper as Bidirectional Grid Interface Converter (BGIC),

which is responsible for managing the power exchange be-

tween the microgrid and the utility, compensating grid dis-

turbances and eventually islanding the microgrid when con-

venient.

Regarding safety, the DC microgrid response to DC bus

faults and electric shock body currents is highly influenced by

the utility and DC buses grounding schemes and grid inter-

face topology. In many proposals, there is a galvanic isolation

at the grid interface, allowing for the employment of either
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Fig. 1. Architecture of a DC microgrid.

TN (solidly grounded) and IT (indirect grounding) ground-

ing at DC side. TN grounded systems can present fault and

body currents with high amplitudes, however, the output cur-

rent limiting capability of power converters can be employed

to control fault currents to non-dangerous levels, thus reducing

the need for electromechanical protection devices [4], however

due to high touch voltages, residual current protection devices

must be employed to ensure personnel safety. In mission crit-

ical systems, e.g. datacenters, IT High Resistance Grounding

(HRG) limits both fault and body currents, enhancing system

safety and reliability [5].

In low power applications, on the other hand, the utilization

of an isolation transformer at the grid interface can increase the

cost and footprint of the power distribution system, compro-

mising the viability of the DC microgrid solution. The lack of

galvanic isolation, however, introduces a common-mode (CM)

path between the DC bus and the utility grounding [6]. In such

systems, the grounding scheme plays an important roll in de-

termining the magnitudes of the CM leakage current and volt-

age at the microgrid DC bus. If a TN grounding is employed,

a maximum leakage current and a minimum CM voltage are

expected, on the other hand, IT-HRG substantially reduces the

leakage current magnitude, whereas the CM voltage will reach

its maximum [7]. Figure 2 depicts the steady state equivalent

circuit model for the DC side of a non-isolated DC micro-

grid with IT-HRG, where the output voltage of the Bidirec-

tional Grid Interface Converter is decomposed in its differen-

tial mode (DM) and common mode (CM) terms, where VCM

refers to the CM voltage, VB is the bus DM voltage and RE

are the grounding resistances.

As discussed in [6, 8], VCM exhibits a wide spectrum, with

low frequency components determined by the utility distribu-



a) Bipolar distribution. b) Unipolar distribution.

Fig. 2. Steady state equivalent circuit for the microgrid DC bus.

tion system and high frequency noise introduced by the grid

converter. The high frequency components induces signifi-

cant leakage current through the system parasitic capacitances,

which can have a profound effect on elements aging and hu-

man safety [8]. The low frequency components, on the other

hand, influence the magnitude of fault and body currents, and

may introduce circulating CM currents during the intercon-

nection of multi-terminal DC microgrids [7]. It is also impor-

tant to mention that the HRG does not influence the current

path during faults and electric shocks, thus the magnitude of

ground fault currents will depend on the fault impedance and

body current can be defined as (1).

Ibody,line ≈
VCM ± VB/2

Zbody
, (1)

In order to mitigate the influence of the CM voltage on

leakage and body currents, thus contributing for better system

safety, both high and low frequency components of the CM

voltage spectrum must be dealt with separately. The compen-

sation of CM high frequency components is largely discussed

in the literature, mostly because it is a recurrent issue in pho-

tovoltaic (PV) based distributed generation. Leakage current

mitigation is usually implemented by incorporating additional

switches to the grid converter topology, which will decouple

the converter input and output during free-wheeling switching

stages [9]. However, the effectiveness of the CM mitigation

is not guaranteed in bidirectional operation. The employment

of floating CM filter is another approach that leads to a more

flexible solution [8].

Regarding the low frequency elements, active compensa-

tion, in which a counter common-mode voltage is intentionally

included in the grid interface converter control, can be em-

ployed to achieve CM voltage mitigation. In [7], an active CM

control loop design is discussed. Although the technique has

shown a satisfactory performance for single-phase and three-

phase utility interfaces, an accurate knowledge of the system

common-mode transfer function is required in order to tune

the CM compensator gains. Therefore, the DC microgrid par-

asitic capacitances and DC bus common mode impedances

must be determined, what can become a very complex task

given that the microgrid configuration can vary over time.

This paper proposes a feed-forward active compensation

technique to mitigate low frequency common-mode compo-

nents in DC microgrids, which dispenses previous knowledge

of the microgrid CM circuit. The remainder of the paper is or-

ganized as follows: section II discusses the the common-mode

voltage spectrum in non-isolated DC microgrids. Section III

presents the common-mode attenuation approaches for high

and low frequency elements and the proposed low frequency

CM voltage compensation. Section IV shows experimental re-

sults for the proposed techniques and section V presents the

paper conclusions.

II. DC MICROGRID COMMON-MODE VOLTAGE

ANALYSIS

As aforementioned, the DC microgrid common mode volt-

age is composed of CM contributions from the utility grid and

the BGIC. Therefore, in order to establish a proper strategy for

CM attenuation, those contributions must be quantified. In a

general form the CM voltage can be described as (2), where

VScm refers to the utility grid CM voltage and VIcm is intro-

duced by the grid interface converter.

VCM = VScm + VIcm (2)

Figure 3 presents the most common low voltage distribu-

tion systems used throughout the world. In North America,

for instance, the split-phase system is commonly used for res-

idential interface, in this system a single-phase transformer

with grounded secondary winding midpoint services house-

holds with a 120V/220V rms three wire system. In countries

as Brazil and China, asymmetric distribution, where one or

two phases from a three-phase transformer are derived to feed

consumers, is the common rule. In Brazil, voltage levels for

single phase distribution are usually 127V rms for a 2 wire

system and 127V/220V rms for 3 wire systems. Three-phase

distribution is usually associated with consumers with higher

power demands. As the discussion in this paper focuses in low

power microgrids, only single-phase distribution systems will

be considered henceforward.

Fig. 3. Low voltage distribution systems topologies.

The common mode contribution of the utility grid will be

dependent on the type of the single phase distribution avail-

able. Assuming that the phase-to-neutral voltages can be ex-

pressed as Vphase = Vmcos(ωt + θ), where Vm is the phase

peak voltage, ω is the grid angular frequency and θ is the an-

gular displacement, the grid CM contribution can be defined

as (3), (4) and (5) for the split-phase, 2 wire and 3 wire asym-

metric distributions respectively.



Fig. 4. Bidirectional grid interface converter topology.

VScm ≈ 0 (3)

VScm = 1/2 · Vmcos(ωt) (4)

VScm = 1/2 · Vmcos
(

ωt−
π

3

)

(5)

Regarding the grid interface converter CM voltage, a two-

stage ac/dc converter topology as shown in Figure 4 will be

considered. A two-stage converter with a higher voltage DC

link enables current limiting capability in both AC and DC

sides, decouples AC and DC control dynamics and allows for

DC link capacitance minimization as well [10]. The passive

and control elements highlighted in blue in Figure 4 will be

addressed later in this paper and refer to the CM compensation

strategies.

In order to determine the BGIC contribution to the micro-

grid CM voltage, the equivalent circuit shown in Figure 5-a)

can be used. It replaces the converter switching legs with volt-

age sources VXBIN , VY BIN , VZBIN and VWBIN . Unipolar

PWM is used in both stages, which yields:

VjBIN = DjvBI +HFpwm,j, (6)

where j = [X,Y,W,Z], vBI = VBI + ∆vBI is the DC link

voltage with an 120 Hz ripple, Dj is the switching leg duty

cycle and HFpwm,j are the switching leg PWM harmonics.

The switching leg can be described as:

Dj = 1/2 (1 + dj/Vtri) , (7)

where, dj is the leg control action and Vtri is the triangu-

lar carrier peak voltage. The voltage sources can be com-

bined to form the equivalent CM voltage sources V1Ecm =
1/2(VXBIN+VY BIN ) and V2Ecm = 1/2(VWBIN+VZBIN )
shown in Figure 5-b), as dx = −dy and dz = −dw, it leads to:

V1Ecm = 1/2 · vBI +HFpwm1 (8)

V2Ecm = 1/2 · vBI +HFpwm2 (9)

a) Voltage source representation of switching legs.

b) Common mode equivalent circuit.

Fig. 5. Equivalent circuits for the BGIC converter.

Since the converter CM voltage can be defined as VICM =
V2Ecm − V1Ecm, it can be established that:

VIcm = HFpwm (10)

VCM = VScm +HFpwm (11)

where HFpwm is a combination of the PWM harmonics

present in all four switching legs. It can be seen that the inter-

action between the two conversion stages allows the elimina-

tion of the DC link voltage and ripple from the CM spectrum.

Figure 6 shows simulated results of a 2 wire asymmetric single

phase interfaced DC microgrid, with 127V/60Hz phase to neu-

tral voltage and a grid interface converter with VBI = 600V ,

VB ≈ 311V and switching frequency of 15.36 kHz

The CM spectrum shows in the low frequency range a com-

ponent in 60 Hz with a peak voltage of 90 V (39 dB), corre-

sponding to half the grid phase-to-neutral voltage. In the high

frequency range, it can be seen a high harmonic content sur-

rounding the switching frequency harmonics.



Fig. 6. Common-mode voltage waveform and spectrum for

asymmetric 2 wire single phase distribution.

III. COMMON-MODE VOLTAGE COMPENSATION

The proposed CM compensation is performed in two steps:

first a floating CM filter is introduced in the grid converter

structure, in order to attenuate the high-frequency components

found in the CM voltage spectrum; then an active compensa-

tion strategy will be used to attenuate the low frequency com-

ponent. Those elements are highlighted in Figure 4.

A. High frequency CM components attenuation

The floating filter is constituted by the coupled inductors

LCM1 and LCM2, the capacitors Cfs and damping resistor

RC , as emphasized in Figure 4. The behaviour of the floating

filter can be more clearly understood through the common-

mode equivalent circuit shown in Figure 7. It enclosures the

grid converter, modifying its CM voltage contribution in a way

that:

VIcm ≈
V2Ecm − V1Ecm

s2
(

L1

4
+ LO

4
+ LCM1 + LCM2

)

(2Cfs ‖ 2Cfs) + 1
(12)

This represents a second order low-pass filter with cut-off

frequency (ωc) given by:

ωc =

√

1
(

L1

4
+ LO

4
+ LCM1 + LCM2

)

2Cfs

(13)

Fig. 7. BGIC common-mode equivalent circuit with floating filter.

The attenuation of the floating filter can be calculated as

20 log10 |1 − (ω/ωc)
2|. This relationship can be used to im-

pose at the switching frequency a desired attenuation. As dis-

cussed in [8], capacitors Cfs must be of small value. Table I

presents the filter values employed in the experimental setup

for an attenuation of 50 dB. The simulated results for the em-

ployment of the floating filter are shown in Figure 8, where the

elimination of the high frequency noise is evident.

Fig. 8. Common-mode voltage waveform and spectrum for

asymmetric 2 wire single phase distribution with floating filter.

TABLE I

BGIC converter filter values

Elements Value Elements Value

L1 360µH CO 470µF

L2 100µH LCM1 9mH

LO 1.3mH LCM2 3mH

Cf 20µF Cfs 2µF

RE 10kΩ RC 1Ω

B. Low frequency CM components attenuation

Since the high frequency CM noise was eliminated by the

floating filter, the low frequency components can be attenu-

ated through the employment of active compensation, where a

counter CM signal is added to the BGIC control. In this paper,

the compensation signal will be included in the second stage

(DC/DC), in order to not interfere with utility grid current con-

trol, performed by the first stage.

The proposed active compensation technique considers that

the utility CM voltage will be weakly influenced by the micro-

grid, therefore, if the point of common coupling characteristics

are monitored, VScm can be estimated. Since most grid inter-

face converters rely on a phase locked-loop (PLL) to synchro-

nize the converter AC output current with the utility voltage,

this structure can be used to monitor the PCC conditions and

extract information which can later be utilized to generate the

CM compensation signal. In [11] a single phase synchronous

reference frame (SRF) PLL is described, which can estimate

the utility voltage amplitude, frequency and phase accurately,

therefore this PLL was considered for the BGIC first stage DM

control and for the CM compensation system. The CM com-

pensation diagram proposed in this paper is shown in Figure 4,

where a CM control action (dcm) is feed-forward to the second

stage PWM modulator. dcm is defined as:

dcm =
kcmvqu
vBI

cos(ωt+ ϕ) (14)

where, vqu and ωt are PLL outputs representing the utility

normalized peak voltage and its angular displacement respec-

tively, ϕ is a pre-defined phase angle and kcm is a gain. The

resulting common-mode signal can be calculated as:



V ∗

Icm =
dcm
2Vtri

vBI (15)

Assuming that the utility provides an 127V rms phase-to-

neutral voltage and forcing V ∗

Icm = Vscm, through equations

(15) and (3)-(5), the parameters kcm and ϕ can be calculated.

Table II presents the CM compensation parameters for all three

single-phase distribution interfaces. It is important to mention

that for a 3 wire asymmetric system, as the grid voltage mea-

surement considers the phase-to-phase voltage, an additional

π/6 displacement must be added to ϕ.

TABLE II

Common-mode compensation parameters

Distribution kcm ϕ

Split-phase 0 0

2 wire asym. 180V · Vtri 0

3 wire asym. 180V · Vtri −π/2

The compensation technique have some limitations that

need to be accounted for during the design of the BGIC con-

verter. As the compensation signal is added to the differential

mode commands of each the second stages switching legs, the

total leg duty cycle must be limited. The average value in volt-

age VZBIN , for instance, can be calculated as (16).

VZBIN =

(

1

2
+

dzw − dcm
2Vtri

)

VBI , (16)

which can be redefined as

VZBIN =
VBI

2
+

VB

2
− V ∗

Icm. (17)

As the maximum voltage that a switching leg can impose is

equal to the DC link voltage (VBI ), from (17) it can be estab-

lished that:

VBImin > VBmax + Vm (18)

where VBmax is the microgrid DC bus maximum voltage and

VBImin is the minimum allowed DC link voltage. If relation-

ship (18) is satisfied, the grid converter will be able to perform

the common-mode voltage compensation and the DC bus volt-

age control without PWM overmodulation.

IV. EXPERIMENTAL RESULTS

The behaviour of the proposed CM compensation was as-

sessed through a 2.5 kW experimental setup. The BGIC was

designed with a DC link of 600 V, a main DC bus of 311 V, a

CM floating filter with values described in Table I and 15.36

kHz switching frequency. Assuming an 127 V rms asymmetric

distribution, the minimum DC link voltage, according to (18),

is 401 V, which enables the BGIC to attain CM compensation

with a reasonable margin.

Figure 9 shows the negative feeder VN measurement, which

allows to observe the DC bus common-mode voltage. It can be

noticed that the CM spectrum behaves as discussed in section

II, however, some harmonics of the utility grid voltage can be

observed. It is important to mention that those harmonics were

already present in the laboratory distribution system and were

not introduced by the experimental setup.

a) CM voltage waveform - VN voltage measurement.

b) CM voltage spectrum.

Fig. 9. Experimental CM voltage waveform for a 2 wire

asymmetric single-phase interface.

The impact of the introduction of the CM floating filter is

shown in Figure 10, where it can be observed a 50 dB attenu-

ation in the switching frequency harmonics.

a) CM voltage waveform - VN voltage measurement.

b) CM voltage spectrum.

Fig. 10. Experimental CM voltage waveform with floating filter.

Figure 11 shows the system response to the activation of the

CM low frequency compensation. It can be noticed that the

low frequency oscillation present in the negative feeder volt-

age is quickly attenuated. The CM voltage spectrum shows

that the utility grid voltage component was attenuated by 22



dB, i.e., the common-mode voltage amplitude is reduced to

less than 7.1 V. As the compensation technique is based on the

signals generated by a SRF-PLL, only the fundamental fre-

quency was attenuated, the other harmonics were not affected.

a) CM voltage waveform - VN voltage measurement.

b) CM voltage spectrum.

Fig. 11. Activation of CM low frequency compensation.

V. CONCLUSIONS

This paper has described common-mode (CM) voltage at-

tenuation techniques to be used in non-isolated single-phase

interfaced DC microgrids. As discussed, the lack of galvanic

isolation between the microgrid DC bus and the utility grid

grounding introduces a CM path that will allow high ground

fault current and electric shock body currents magnitudes, thus

the attenuation of the CM voltage along with the employment

of protection devices is needed in order to make DC power dis-

tribution a reality. The CM voltage is constituted of high and

low frequency components which are dealt with separately. A

floating filter was used to attenuate high frequency noise and

a feed-forward active compensation was proposed to attenu-

ate the low frequency components. The proposed compen-

sation estimates the utility common-mode voltage elements

through a synchronous reference frame PLL and introduces a

contrary CM signal in the grid interface converter control that

enabled a 22dB attenuation, reducing the CM magnitude to

non-dangerous levels. Experimental results have verified the

behaviour of the proposed technique, showing that it does not

interfere with the converter differential mode dynamics, thus

it has no significant impact over the microgrid DC bus control

and utility current injection.
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