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Abstract—The interlinking converter in an AC/DC hybrid
micro-grid plays a crucial role in the stable operation and
power allocation of power system. A bidirectional droop
control method for the converter is proposed, which measures
the power demand degree of AC sub-grid and DC sub-grid
according to AC bus frequency and DC bus voltage
respectively, and determines the direction and magnitude of
the converter transmission power. Two droop control modules,
DC voltage-active power and AC frequency-active power, are
included in the control structure. The power reference value of
the converter is achieved from the output subtraction of two
modules. Meanwhile to reduce the deviation of voltage and
frequency caused by droop control, a recovery control is
designed to improve the power quality and the reliability of the
hybrid micro-grid. The bidirectional droop control can
accurately coordinate the transmission power between AC sub-
grid and DC sub-grid and make full use of the distributed
energy. The feasibility of the control method is verified by a
simulation system built with DigSILENT.
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I. INTRODUCTION

With the increase of DC load such as EV, AC/DC hybrid
micro-grid has got a rapid development. AC/DC hybrid
micro-grid including AC source and DC source can supply
power to AC/DC load at the same time, improving the
flexibility of distribution and making full use of the
distributed energy [1]. Because of the species diversity of
distributed power and complex operation mode of micro-grid,
AC/DC hybrid micro-grid is different from the traditional
electric power system in control and simulation modeling [2-
3]. The DC/AC convert that controls the electric energy
conversion between AC and DC bus in AC/DC hybrid
micro-grid is called interlinking converter (IC). On the one
hand, the interlinking converter manages the bidirectional
active power flow in sub-grids [4] and control the energy
transmission between AC sub-grid and DC sub-grid. On the
other hand, for the sub-grid in either side of the interlinking
converter, interlinking converter presents the power
characteristics of supply and load at the same time
respectively. The effective control of interlinking converter
affects the stable operation and power allocation of the
AC/DC hybrid micro-grid directly.

Interlinking converter control method includes constant
voltage control [5-7], droop control [8-9], etc. Constant
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voltage control strategy is simple and easy to implement, but
it makes the transmission power of interlinking converter
uncontrolled. Several interlinking converters running in
parallel generate circulation and damage the equipment in
micro-grid. Droop control simulates the frequency
modulation characteristics of generator set, easy to realize
the average load distribution, has been the mainstream of
interlinking converter control method gradually. In [8] a DC
voltage-active power (Ug - P) droop control method is
proposed. When the increase of DC load lead to the decrease
of DC wvoltage, interlinking converter increases the
transmission power to DC side and improves power supply
reliability of DC sub-grid, but it is not sensitive to the change
of AC load. In [9], one kind of segmented droop control
strategy of AC/DC bidirectional converter applying to
AC/DC hybrid micro-grid is proposed, which reduces the
frequent operation of the converter. In [8], it proposed one
kind of droop control strategy based on virtual coordinate
transformation. In [8 - 9], it proposed AC frequency - active
power (f- P) and AC voltage - reactive power (U - Q) droop
control method, when the increase of AC loads lead to the
decrease of AC frequency, interlinking converter increases
the transmission power to AC side, but it is not sensitive to
the change of DC loads. In [3] and [9], it proposed two kinds
of approximate bidirectional droop control method of
interlinking converter, but the control part is too complex
and ignores the decline of DC bus voltage and AC bus
frequency caused by droop control, which reduce the
reliability of the control strategy.

In order to make the interlinking converter increasing the
active transmission power to DC side when DC load
increases and increasing the active transmission power to AC
side when AC load increases, realizing the load allocation
between DC and AC power source, according to the /- P and
U - Q droop control and Ug - P droop control method, the
paper puts forward a DC voltage - AC frequency - active
power (Ug - f - P) bidirectional droop control strategy. In
view of the decline of DC bus voltage and AC bus frequency
caused by droop control, recovery control strategy is
designed to improve the stability of the micro-grid. The
feasibility of the control method and strategy is verified by a
simulation system built with DigSILENT.

IL.

The typical structure of AC/DC hybrid micro-grid is
shown in Fig. 1 [1]. The micro-grid is mainly consist of the
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Figure 1. Typical Structure of hybrid micro-grid

AC sub-grid, DC sub-grid and interlinking converter.
According to the actual demand, the micro-grid may include
several interlinking converters and several DC sub-grids.
Micro-grid connected with the AC sub-grid by the point of
common coupling (PCC). DC bus connected with the AC
bus by the interlinking converter, S1 is the AC side switch of
interlinking converter. Distributed power supply, energy
storage device and load connect with the bus by their export
converters respectively.

Droop control of distributed power supply is one kind of
control method that simulates static power frequency
characteristics of generator set [1], don't need
communication facilities, what’s more, operation state can be
changed by monitoring the local signal of interlinking
converter [8], as a result, reasonable power allocation will be
realized in this way. IC usually adopts two kinds of droop
control, one is the frequency - active power (f - P) and
voltage - reactive power (U - Q) droop control, the other is
DC voltage-active power (Uy. - P) droop control.

A. f-PandU - Q droop control
f— P and U - Q droop control takes AC bus frequency
and voltage of the interlinking converter as reference, active
and reactive power reference value can be achieved from the
subtraction between measurements of frequency and voltage
and rating value through the droop control unit respectively,
as a result, the interlinking converters can be controlled in
this way. Droop characteristic is shown in (1)
{P=Po+m—f>l<f "

0=0,+U,-VU)K,

In the formula, P and Q instead of the real value of active
and reactive power respectively, we define the forwards
direction is the direction from DC side to AC side. P, and

Q, are the rating value of active and reactive power that
interlinking converter exports respectively, suppose Q, is

equal to O usually. f and U instead of the real value of
interlinking converter’s AC bus frequency and voltage. f,

and U, are the rating value of interlinking converter’s AC
bus frequency and voltage respectively. K, and K, are

droop coefficient of frequency and voltage respectively.
Droop coefficient can be achieved from the formula 2.
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P _-P

Kf — Zmax 0 (2)
fo _Jll‘nin

Ku — Qmax (3)
UO - Umin

In the formula, P, instead of the allowed maximum of

max

power that distributed power supply export when frequency

is reducing. f,, instead of the allowed minimum of
frequency that distributed power supply exports. O, is the
reactive power that distributed power supply exports when

voltage is reducing to the allowed minimum. U, is the
allowed minimum of voltage.

B. Uy - P droop control

U4 — P droop control takes the DC bus voltage of the
interlinking converter as the reference value, active power
reference value can be achieved from the subtraction
between the measurements value and rating value of DC
voltage through the droop control unit, as a result, the
interlinking converter can be controlled in this way. Droop
characteristic is shown in (4) .

P =FR+ (U, U)K, 4)

In the formula, U, is the real value of DC side bus
voltage. U, is the rating value of DC side bus voltage . K,

is the droop coefficient.

1.

f — P droop control of active power considers the
influence caused by AC signals only. Meanwhile, U, — P

droop control of the active power considers the influence
caused by DC signals only. On this basis, considering these
two kinds of variables’ influence on power flow at the same
time, we need to accurately coordinate the transmission
power between AC sub-grid and DC sub-grid by interlinking
converter and make full use of the distributed energy.
Therefore, the paper proposes the method of bidirectional
droop control, then distributes the active power according to
the voltage of DC bus and the frequency of AC bus.
When AC/DC hybrid micro-grid runs stably, active
power of each sub-grid should satisfy the following relation:
P;J{ + PIJC + Pyj = PLJ{ (%)

In the formula, K is the serial number of sub-grid, P

BIDIRECTIONAL DROOP CONTROL

instead of the active power that flows into the sub-grid from
power distribution network, P, , is the active power that

flows into the sub-grid through interlinking converter, P, ,
is the output power of distributed generation and energy
storage equipment in the sub-grid, P, , is the total active
power load in the sub-grid.

P, is an important factor to make sure the direction of

interlinking converter transmission power, reflecting the
degree of imbalance for local electricity supply and demand.
If the load or source changed, system power flow will
change, furthermore, the voltage of DC bus and the



frequency of AC bus will change finally. Therefore, a new
stable state can be achieved by adjusting #, , according to

the state of bus.

A. Control theory

Bidirectional droop control takes AC bus frequency and
DC bus voltage as the input, which controls the active power
that flows through the interlinking converter (positive
direction from DC side to AC side). For an interlinking
converter runs independently, the control structure is shown
in Fig. 2. Bidirectional droop control consists of Uy - f - P
droop control loop and power-current control loop,
meanwhile, interlinking converter adopts voltage source
converter.

In Fig. 2, I

uvw

three phase voltage in AC side, K, and K, are the DC

voltage and AC frequency droop coefficient respectively,

P, , and B, , are the reference power component got

after voltage and frequency get through the droop control
unit respectively. P, got by bidirectional droop control is

is three phase current in AC side, U, is

uw

o
reference active power of interlinking converter. The
function of power-current double loops is to get the reference
current /., [1] though PI control unit, according to the
subtraction between power reference value and power
measurement value. Suppose reactive power reference value
is 0. Then adopt decoupling control of dq0 rotating
coordinate system, get the subtraction between current
measurement value decoupled and its reference value in the

interlinking converter modulation signal m

followed in Fig. 2.

AU=U,,~U, (6)
A= 1S (M
Pref7 =Uho—Uy) K, (®)
By = )K, )]
€ = P:q/;f_ I)rcjfiu (10)
I)rej/ =¢ +h (11)

In the above, AU and Af are the deviations of DC
voltage and AC frequency respectively, e, is the subtraction

Prc{f' _u R‘@fﬁf

level of active power demand in DC side and AC side. ¢, is

of reference power. and reflect the changing

the subtraction of reference power in sub-grid reflects the
changing level of power demand in both sides of interlinking
converter. Transmission power is determined by e, in

bidirectional droop control. Considering the effects of U,
on the reference power £, of interlinking converter, an

appropriate reference value is necessary. The reference
power can be get from Eq.12.

Re/ =hR- Ku( Upom Up) + K/'(fo_f) (12)

Assuming several converters run in parallel, we take a
method which is different from droop coefficient calculation
method in (2) - (3) to recognize DC sub-grid and AC sub-
grid as an entirety, the converters distribute the load
according capacity uniformly, the droop coefficient of
converter n can be determined by the type (13) - (14), its
droop characteristic can be obtained from (15).

grid side, obtain F,, and P, thatis d-q axis control signals K R (13)
. . s =
of the converter by PI control unit. After the coordinate Joax = Join S
transformation and sine pulse width modulation, we get the P =P
= Zdemax " demin
he » Working on K., = U -U. (14)
converter [1]. Power-current double loops make the output Py =B ~K, (U ~U)+K,(f, = f) (15)
power of the converter track the reference power exactly.
We can conclude the following equations which are
________ U
lcomroror
l_DC ________________ |
PR I, I
dq /| g fave
AU abe| |<__>| :
m, o I
dq/ | my, L
Py abe me SPWM :>{h i @
Af - |
VSC | i hbind
contrl of |
| ac
Jin '_IPLL Uabc

Figure 2. Bidirectional droop control structure of interlinking converter
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In the formula, K, and K, are the droop coefficients of

in the converter n
are maximal and minimal

AC frequency and DC voltage
respectively. P, and P

acmax acmin

power that AC sub-grid exports to DC sub-grid. P,
P

demin

and
are the maximal and minimal power that DC sub-grid

exports to AC sub-grid respectively. £, is the minimum of

min

frequency, U

max

is the maximum of voltage. S, is the rated
capacity of the interlinking converter n. S, is the total
P, is

rated capacity of interlinking converters in parallel. P,
the output power of the converter 7.

Power is in positive direction when P,

ref
flows from DC bus to AC bus and interlinking converter
works on inverter state. Power is in negative direction when

P, < 0, energy flows from AC bus to DC bus and

interlinking converter works on rectifier state. When P, =0

>0 , energy

, the demand level of active power is very close in both sides
of the interlinking converter, there is no power flow between
two sub-grids of interlinking converter. Adjusting the
transmission power of interlinking converter with
bidirectional droop control, energy always flows to the sub-
grid whose load demand is greater.

Due to the bidirectional droop control may lead to the
decline of DC bus voltage or AC bus frequency, put forward
the recovery control structures shown in Fig.2, get
AUL' ,AU2',Af1' , Af2' through PI control and dead zone

control, then multiply AUl' by AU2' ,multiply Af1'
by Af2', obtain the compensation value of active power

B, , and P, ., then keep the stability of DC voltage and

AC frequency and improve power quality in this way. When
AU and Af within the scope allowed, the compensation

value is 0, taking no effect on transmission power. When
AU and Af is beyond the scope allowed, dead zone control

output AU' and Af' are not equal to zero any more. PI

control will play an efficient role to bring DC voltage value
and AC frequency value to the allowed range. Eq. (11) can
be rewritten as follow,

P,=F+e+

ref E

o s b

ref _su

(16)

IV. SIMULATION ANALYSIS

A structure of AC/DC hybrid micro-grid built with
DigSILENT is shown in Fig. 3. AC bus rating voltage is 0.4
kV, DC bus rating voltage is 0.7 kV.

At the beginning of simulation, power source supplies the
rating voltage in the system. AC distributed power supplies
with f - P and U - Q droop control, DC distributed power
adopts constant voltage control to make its DC/DC converter
voltage constant. AC load 1 (0. 1 MW) and DC load 1 (0. 6
MW) connect to grid, AC load 2 (0. 3 MW) and DC load 2
(0. 3 MW) in the state of off-grid; 5s later, connect the AC
load 2 to micro-grid, 10s later, connect the DC load 2 to
micro-grid. Setting the recovery control to start 15s later,
then observe the function of recovery control.
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Figure 3. Structure of simulation grid

According to the bidirectional droop control designed in
this paper, the AC bus frequency, DC bus voltage and
transmission power are shown in Fig. 4. We define the
direction from DC side to AC side is the forwards direction
of transmission power. Droop coefficient K, of interlinking

converter is 4.3 MW/kV, K, is 2.0 MW/Hz. Threshold

voltage of recovery control is 0.7 = 0.2 kV, threshold
frequency of recovery control is 503-0.1 Hz. Using the same
grid and droop coefficient and basing on the traditional
f—Pand U—-Q droop control strategy, transmission power

curve of interlinking converter is shown in Fig. 5.

As is shown in Fig. 4, when the simulink time is 5s, DC
voltage drops to 0.686 kV, AC frequency drops to 49. 97 Hz,
transmission power rises to 0 MW. When simulink time is
10s, load in DC side increases, the DC voltage drops to
0. 671 kV, AC frequency drops to 49.96 Hz, transmission
power drops to -0.04 MW. When AC load increases, the
output power to AC side of interlinking converter increases,
when DC load increases, the output power to DC side of
interlinking converter increases, realizing the power
allocation in DC side and AC side.
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Figure. 5 Transmission power curve under f-P
and U-Q droop control

As is shown in Fig. 5, when load in AC side increases,
transmission power of interlinking converter under the f - P
and U - Q droop control decreases, but it is not sensitive and
did not change obviously if load fluctuations occur in DC
side. As a result, it’s not able to accommodate the power
allocation in DC side of the grid.

As in Fig. 4, recovery control starts when simulink time
is 15s, frequency doesn’t cross the threshold, DC voltage is
lower than minimum of the threshold. Under the action of
voltage recovery control, DC voltage returns to 0. 68 kV, and
transmission power of interlinking converter changes into -

0.20 MW, which proves the effectiveness of recovery control.

Due to the load in DC side changes a lot, the DC voltage
offset increases. In order to recovery the stability of DC
voltage, transmission power of the interlinking converter
should be adjusted sharply, the frequency and voltage of the
micro-grid are affected a lot, consequently, the function of
secondary control bring an obvious fluctuation when
simulink time is about 15s. What’s more, it may lead to a
result that voltage value and frequency value are lower or
higher than the allowable values, this is caused by the power
imbalance in system. Therefore, if load fluctuation is very
big or the voltage and frequency exceed the limit value at the
same time, except adjusting power depending on the
interlinking converter, adjusting the output power of
distributed power supply is needed to keep the power
balance, reduce the transmission power of interlinking
converter variation and ensure the quality of electric energy.
Above all, in the case of power demand of DC side or
AC side changes, the bidirectional droop control makes the
output power of converter flow to the side in which active
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load increases, complementing the deficiency of active
power. But the traditional droop control only sensitive to the
electrical signal of a single side, making it can’t regulate the
power balance of DC side and AC side at the same time.
When DC voltage or AC frequency exceeds the allowable
value, recovery control will complement the reference power
to make the DC voltage and AC frequency values return to
the allowed range.

V. CONCLUSION

The bidirectional droop control of AC/DC hybrid micro-
grid is proposed in this paper and one kind of calculation
method of its droop coefficient is given. Different from the
traditional droop control, bidirectional droop control
analyzes the working condition of DC bus and AC bus at the
same time, confirms the working state of interlinking
converter comprehensively, adjusts the power flow of micro-
grid, makes full use of the distributed energy and improves
the reliability of power supply. Put forward to the recovery
of control strategy to avoid the decline of AC frequency and
DC voltage caused by droop control. The feasibility of the
droop control and recovery control method is verified by
modeling and simulation with DigSILENT.
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