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Abstract — This paper introduces a double-stator novel
switched reluctance machine employed as a wind gen-
erator. To stabilize the fluctuating power output of an
off-grid wind power storage system and maintain the
bus voltage stability of the power generation system, a
dynamic evolutionary control strategy utilizing closed-
loop bus voltage regulation is proposed. This includes
constructing a multi-objective optimization function
with four parameters: power generation efficiency, out-
put voltage, torque smoothness coefficient, and power
smoothness coefficient. These parameters serve as the
basis for mode selection in multi-mode operation. Fur-
thermore, in order to further enhance the system’s power
generation efficiency, a real-time optimization method
based on efficiency optimization for the commutation
angle is designed. The integration of these two meth-
ods results in a multi-mode operation method for double-
stator switched reluctance generator (DSSRG) based on
efficiency optimization control. Simulation and experi-
mental results validate the feasibility and effectiveness
of the new DSSRG system and its control methods. This
research holds significant importance for the application
of DSSRGs in the field of power generation.

Index Terms — Efficiency optimization, Fibonacci search
algorithm, mode selection, switched reluctance gen-
erator.

I. INTRODUCTION
The overconsumption of fossil energy has led to
global warming, and there is an urgent need for clean
energy to supplement and replace traditional fossil
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energy. New energy sources represented by wind power
are being developed and utilized on a large scale, and
wind power has the advantages of being clean and renew-
able, relatively low development cost and wide applica-
tion prospects [1-3]. The switched reluctance generator
(SRG) has a simple structure, low cost, no windings on
the rotor, made of silicon steel sheet stacked and pressed,
does not need permanent magnet efficiency and other
characteristics, and can be based on the change of wind
speed real-time change in the excitation current for max-
imum power tracking to improve the utilization of wind
energy [4-5]. Compared with synchronous generators,
SRG emits direct current (DC), has no output frequency
limitation at different wind speeds, and can be used to
generate power with variable speed direct drive, which
has good research significance and application potential
in the field of wind power generation. The SRG is fault
tolerant during operation, has good temperature resis-
tance, can still operate stably even under phase loss con-
ditions, and is highly adaptable to harsh environments
[6-T7].

DC microgrids, as an emerging technology, can
easily integrate renewable energy and energy storage
devices. In many remote areas abundant in wind energy
and other renewable resources, implementing wind-
powered DC microgrid systems to achieve electricity
self-sufficiency is a cost-effective approach to enhancing
local living standards and improving inhabitants’ quality
of life [8-9].

The variable and unpredictable nature of wind
energy can significantly impact the grid when renew-
able energy sources are widely utilized. Sudden varia-
tions in renewable energy sources can result in voltage
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fluctuations, negatively affecting the power quality of
the grid. Stochastic fluctuations in renewable energy
sources are unavoidable. To address the power fluctua-
tions, energy storage devices are used as energy buffers
so as to maintain the power balance and overall stability
of the wind turbine DC microgrid system [10]. In [11],
the authors propose a model predictive control strategy
for DC microgrids, where the energy storage system’s
state of charge is constrained to operate within a safe
range. However, the implementation of model predictive
control is discrete as it depends on scattered system mod-
els and cost functions. In [12], the energy storage system
of electric vehicles uses an adaptive fuzzy logic control
(AFLC) method. The energy storage system’s power tar-
get value can be calculated by the AFLC method, which
helps to keep the overall power balance of the system sta-
ble. However, a lot of computing resources are required
in the proposed control strategy. In [13], adaptive neu-
ral network control technology is used to regulate the
current of the energy storage system in electric vehi-
cles. In this method, a variety of datasets are used to
train the neural network control and generate an opti-
mal current reference at a given load condition. How-
ever, its performance relies on the size of the dataset
used to train the artificial neural network and can only
ensure superior performance with sufficient computing
resources. In [14], the extended droop control method
extends traditional resistance-based droop characteris-
tic control by incorporating emulated capacitance droop
characteristic control to produce the current reference for
the energy storage system. The traditional PI-based dou-
ble closed-loop control for voltage and current regula-
tion has a wide parameter range for the PI controller, and
its performance is highly sensitive to parameter selec-
tion [15-17]. When the system’s operating point shifts,
the PI parameters often fail to adapt to the new condi-
tions, compromising the stability of the DC microgrid
system during sudden changes in wind power generation
or load demand [18]. In [19], dynamic evolutionary con-
trol has been applied to the reversible converter control
of a fuel cell system driving a supercapacitor, achieving
better results than those obtained with the traditional PI
strategy. In [20], dynamic evolutionary control improves
the boost converter’s transient performance and makes
the system better. In [21], supercapacitor systems often
use PWM control methods to adjust the operation. The
PWM’s advantage lies in its ability to achieve an unin-
terrupted and effortless transition between energy intak-
ing and releasing operating modes. In [22], the dynamic
evolution control (DEC) method has been applied to
compute the pulse width ratio of a reversible DC/DC
converter using prediction components and feed-forward
components to turn on/off switching transistors, which
has smaller bus voltage fluctuations and better control
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effects when there is a disturbance in the system, which
is superior to the traditional PI control, but there is
always some degree of discrepancy between the set value
and the data in reality.

From the above control methods, PI controllers are
applied to keep the DC link voltage. Incorrect selection
of PI controller parameters can compromise the consis-
tency of the DC bus voltage, making it difficult to keep
the overall system stable. Under all circumstances, the
DC bus voltage must remain within the defined range to
enable the DC microgrid system connecting with the AC
grid [23]. A method to obtain the phase current equation
used to determine the optimal control variables is pro-
posed in [24]. A novel two phase double layer switched
reluctance generator (DLSRG) under static eccentricity
fault is introduced and analyzed. The proposed genera-
tor consists of two magnetically independent stator and
rotor layers [25].

In order to settle the problems above, a DEC method
of a bus voltage based on a PI closed-loop is proposed.
In the mentioned control strategy, the conventional PI
closed-loop control is combined with a dynamic evolu-
tionary control, where the bus voltage is closed-looped
by the PI to get a part of the target current, and the
bus voltage is controlled by the dynamic evolutionary
method. This is a novel method of dealing with the prob-
lem that the parameters of the PI controller are difficult to
select correctly under different working conditions and
that there is a deviation between the actual voltage and
the given value of the busbar in the dynamic evolution-
ary control method.

This paper is organized as follows. The system
framework is shown in section II. Section III covers the
design of both system and controller parameters. Section
IV provides detailed simulation results, while section V
presents the experimental results and analysis. Finally,
conclusions are drawn in section VI.

II. NOVEL DC MICROGRID SYSTEM

FRAMEWORK FOR WIND TURBINES

The overall framework presented in this paper is
illustrated in Fig. 1. The generator adopts a 16/18/16 type
double-stator switched reluctance generator (DSSRG),
which has the windings of the inner stator U-type stator
module connected in series with the radially symmetrical
position windings to form the four phases of A, B, C and
D, respectively. The windings of the outer stator U-type
stator module are also connected in series with the radi-
ally symmetrical position windings to form four phases
of E, F, G and H.

A, B, C and D are opposite to E, F, G and H,
respectively. The generator rotor is an inner and outer
double-sided convex pole structure, and the inner and
outer adjacent rotor convex poles are staggered by 7.5



Fig. 1. A novel DSSRG power generation system.

mechanical angles between their central axes. Different
from the winding pole distribution form of DSSRG in the
traditional sense, the magnetic field polarity distribution
of the inner stator winding of this DSSRG follows the
pattern S-N-N-S-S-S-N-S-S-N-S-S-N-S, while the polar-
ity distribution of the outer stator winding is arranged
as N-S-S-S-N-S-S-S-S-N-S-S-S-S-N. This configuration
enables the DSSRG to simultaneously exhibit the char-
acteristics of both a U-shaped magnetic circuit and a par-
allel magnetic circuit, which makes the overall working
efficiency and power density of the generator higher.

The generator is integrated with the DC bus via
an asymmetrical half-bridge power converter, and the
energy storage device is linked to the bus through a
reversible DC-DC converter, with variable loads con-
nected to the bus. According to the operation of the sys-
tem in reality, the switching signal of the reversible DC-
DC converter is controlled to realize the bidirectional
flow of energy in the energy storage device. ig, i) and
ir, denote the generator, battery, and DC load currents,
respectively, and L, is the filter inductance parameter of
the DC-DC converter integrated to the battery. Cy4. and
R denote the total DC bus capacitance and load resis-
tance, respectively. U, is the battery’s voltage, Uy is the
DSSRG excitation supply voltage, and U, is the DC bus
voltage. S;; and S;y are the control switches for phase A
in the inner stator winding, and D;; and D;; are the con-
tinuity diodes for phase A in the four-phase winding of
the inner stator. Similarly, S,9 and S, are the control
switches for phase E in the four-phase winding of the
outer stator, D,9 and D, are the continuity diodes for
phase E in the four-phase winding of the outer stator, and
S5 and S¢ are the control switches for the reversible DC-
DC converter.

III. CONTROL METHODS

A. Control method formulation

The block diagram of the conventional control
method employed for stabilizing the DC microgrid bus
voltage is presented in Fig. 2.

In this method, the deviation term between the DC
bus voltage U, and the bus voltage reference value U, s
are sent to the outer-loop PI controller to compute the
battery current reference value iy ., then the difference
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Fig. 2. Block diagram of double closed-loop control.

between iy and the current sampling value i, is sent to
the inner-loop PI controller to get the pulse width ratio
of the switching device, and then the switching signals
of the power switching transistors of the reversible DC-
DC converter are obtained through the PWM modula-
tion to complete the double closed-loop control of the
bus voltage system. The control of bus voltage double
closed-loop system is completed. Dual closed-loop con-
trol requires adjusting the proportional and integral coef-
ficients of the voltage outer loop and current inner loop
respectively, and the stability of the DC bus voltage will
be directly affected by the target value of the PI regula-
tor parameters. When the operating point of the system
is changed, too many PI parameters need to be adjusted
which is not conducive to the stability of the system in
case of large fluctuations in the generation side or load
demand side of the system. In order to settle problems
in the above, a DEC strategy of bus voltage based on PI
closed-loop (PIDEC) is proposed.

The power balance equation for the entire wind tur-
bine DC microgrid system in the PIDEC is:

Py =P — Fg, ey
where Pp is the total power to be dissipated by the
energy backup unit, Py, is the power requirement and Pg
is the wind turbine power.

The DC bus voltage reflects the power equilibrium
between the generation side, the load side and the energy
backup system. In order to respond to DC bus voltage
fluctuations and to stabilize the DC bus voltage quickly
at a given value of voltage, the battery reference cur-
rent is:

U, = Uref —Uye

{ ipref = %Z +ipr+ U, @

where ip; is the PI compensation term current value and

B is the bus voltage error term coefficient. In order to

transfer the bus voltage fluctuation to the energy stor-

age device for smoothing, 8 is generally taken as a value
of 5 [22].

The energy storage system power Py is separated by
the battery voltage U}, to obtain a portion of the transient
current reference controlled by a DC-DC converter con-
nected to the battery. In addition, the battery reference
current i,_rr includes a bus voltage error term and a PI
compensation term, and the battery is controlled using
a DEC.
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B. Battery current control

Equations (3) and (4) indicate that the battery oper-
ates in buck mode and boost mode, respectively. The cur-
rent dynamics of the reversible DC-DC power converter
in one cycle is:

Wit = Ba0-a-a0). @
din(t) _ Up (Udc — Up)
a Ly (t)—T(l—&)(f)), 4

where d, (t) is the switching device’s pulse width ratio
in the DC-DC power converter circuit integrated to the
battery.

When the external environment changes, battery
current control plays a crucial role in quickly achieving
DC bus voltage stabilization. Throughout the process,
the reversible DC-DC converter operates in a comple-
mentary approach, the controller design in the power-
boosting mode is analyzed and can be computed from
equation (4):
d’flf” +Un (1= 8(1)). )

Equation (2) shows that the battery reference cur-
rent contains the instantaneous current, the PI compensa-
tion term current and the bus voltage deviation. For better
control of voltage and current, the DEC method is used.
Before adopting this method, the dynamic evolution path
needs to be selected, and the exponential evolution path
selected here is shown in equation (6). The correspond-
ing dynamic evolution process is shown in equation (7) :

Uy =1,

U; (1) = Uy exp (—mr), ©)
de;(t) +mU} (1) =0,m > 0, @)

where U (t) denotes the transient characteristics of the
system, U, is the starting value of the system deviation
voltage and m is the rate at which the deviation voltage is
minimized when the system responds. To ensure that the
proposed evolutionary path reduces the error voltage to
zero quickly, in practice, a linear function of the dynamic
characteristics of the system is given as:

U () = kU, k > 0, ®)
where k is a direct proportionality factor.

Combining equations (7) and (8), the new dynamic
evolution process is obtained as:

dU, (t
k ;t( ) +mkU, (t) = 0. O)
Combining equations (4) and (9), we get:
di dU,
U, =1Ly, l;ft) +k dt(l) + (mk—1)U, (¢) + Urer — Uy:6p (1)

(10)

The bidirectional DC/DC circuit switching transis-

tor duty cycle linked to the battery is obtained from the
above analysis:
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Ues —Up  mk—1 k dU.(t) Ly dip(t)
o (1) = ——— U, (t _— .
AT U Y0 T T 3

Control of the pulse width ratio of the switching
transistor in the above equation consists of four parts.
The first is the feed-forward term, which is sensitive to
the change of the input voltage and helps to compensate
it in time. The second is the voltage deviation ratio term,
which can enhance the response speed for minimizing
the voltage deviation. The next term is the derivative term
of the voltage error, and the last reacts to the change
of the inductance current which is also the change of
the energy intaking and releasing currents of the energy
storage system. In PIDEC, the coefficients of each item
change with the change of output voltage, which can
make the bus voltage stabilize at the given value more
quickly, and the PIDEC requires fewer parameters to be
adjusted and simplifies the framework of the controller
compared with the traditional double closed-loop con-
trol method. The block diagram of this control method is
shown in Fig. 3.

- v, -U, k—
5, ()= ST

k dL'l(r)Jr L, di,(1)
U, adt U, d

Fig. 3. Block diagram of PIDEC control.

IV. SIMULATION ANALYSIS
Under the MATLAB/Simulink simulation environ-
ment, the simulation model of the DC microgrid system
of double-stator switched reluctance wind turbine is con-
structed as shown in Fig. 4.

e o BN

U, 2 U, LG e ¥ Cy _@
< e “alculati Power

Converter

DSSRG

Fig. 4. Model of DC microgrid system with DSSRG.

The switch-on and switch-off angles of the fixed
switched reluctance generator in the type and the simula-
tion platform parameter settings are provided in Table 1.

To validate the effectiveness of the PIDEC, the
aforementioned simulation platform is utilized to sim-
ulate and compare the traditional PI voltage-current



Table 1: Simulation platform parameters

Parameters Value
DC bus voltage (V) 48
Rated battery voltage (V) 24
Battery capacity (Ah) 21
DC bus capacitor (F) 5e-3
Bus voltage error term gain 3 5
Evolutionary coefficient m 31
Proportionality coefficient & 0.03
Switching frequency (Hz) 20000
Sampling time (s) 5x107°
Voltage proportionality coefficient kp; 1.1
Voltage integration coefficient ki; 80

double-closed-loop control strategy with the DEC strat-
egy for bus voltage based on the PI closed-loop.

A. System performance at variable speeds

System simulation is carried out under a certain
load. In order to simulate the change of motor speed
caused by the change of wind speed during the actual
operation of the wind turbine, the initial speed of the
motor is set to be 900 r/min, the speed is reduced to 600
r/min in 0.7 s, and the speed is restored to 900 r/min in
1.3 s and, under the above conditions, the PIDEC control
strategy and the traditional voltage double-closed-loop
control strategy are adopted respectively for simulation.
The simulation results are shown in Figs. 5 and 6. The
simulation results show that at 0.7 s, the generator speed
decreases from 900 r/min to 600 r/min due to the wind
speed becoming slower, the generating power decreases
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Fig. 5. Double closed-loop control strategy.
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Fig. 6. PIDEC control strategy.

and Ry is 4Q, and the load power remains constant. In
this case, the power generated is less than the power
consumed by the load, and the system power deficit is
replenished by the releasing of the energy backup device,
and the releasing current of the battery increases. At
1.3 s, the wind speed returns to 900 r/min, the turbine
generating power increases, the system power difference
decreases, and the battery discharge current becomes
smaller. The bus voltage waveforms in Figs. 5 and 6
show that, compared with the traditional double-closed-
loop control strategy, the DC bus voltage of the PIDEC
has smaller bus voltage fluctuation and shorter bus volt-
age recovery time at the moment of perturbation, and the
energy storage device has a faster current response.

B. System performance under variable load scenarios

The motor speed is set to 900 r/min, the generat-
ing power is constant, and the load is changed to sim-
ulate the change of load power during the actual opera-
tion of the system. The simulation results are shown in
Figs. 7 and 8. At 0.7 s, the load Ry, = 4Q is reduced to
R;, = 3Q, the load power demand increases, the gener-
ation power remains unchanged, the generation is less
than the demand for electricity, and the energy releasing
current of the energy storage device increases to com-
pensate for the increased load power demand. At 1.3 s,
the load reverts to 4Q, the load power demand is reduced
and the battery discharge power is subsequently reduced
to meet the overall power balance of the system. The sim-
ulation results show that, at the moment of load change,
the control method proposed in this paper exhibits supe-
rior dynamic characteristics and better system stability
compared to the double closed-loop control.

844



845

iy g
250 &
o
an
£
545
=
& 0.4 0.8 12 16 2.0
20 -
11
— .
g P i
510
g s
0
04 0.8 12 16 2.0
800
g0 £
5 400
g g
& 200 7 \ p
8 0.4 08 12 16 2.0
Time(s)
Fig. 7. Double closed-loop control strategy.
55
s -
i 50 de
= -~
[=11]
£as
(=]
~ 40
04 0.8 12 16 20
20 -
g I
- i
Z10
8
g5
G 0
04 0.8 12 16 20
800
— —P,
= 600
< 400 — P
! fr———i
£ 200 —F,
P
0.4 0.8 12 16 20
Time( s)

Fig. 8. PIDEC control strategy.

C. System performance under variable bus reference
voltage scenarios

If we set the bus voltage reference U,.; to change
from 48 V to 55 V, the motor speed to remain at 900
r/min, and the load Ry is kept at 4Q2, we can observe
the output voltage shift. Figure 9 shows the simulation
results using the conventional voltage double closed-
loop control strategy when the dc bus reference volt-
age is varied. Fig. 10 shows the simulation results using
the PIDEC control strategy when the dc bus reference
voltage is varied. At 0.6 s, the bus voltage reference value
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Uy.r changes from 48 V to 55 V. In this case, the load
current i; increases from 12 A to 13.75 A. If the load
demand increases and the power deficit of the system
increases, the power required to keep the system stable
is supplied by the energy storage system, and it is evi-
dent from the simulation results that the bus voltage has
a much faster response under the PIDEC.

V. EXPERIMENTAL VERIFICATION

In order to verify the feasibility of the control
method proposed in this paper, an experimental platform
was constructed and is presented in Fig. 11. The DSSRG



Bidirectional DC- |
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Fig. 11. Test platform.

prototype, power converter, bidirectional DC-DC con-
verter, controller, DC excitation source, energy storage
device, resistive load, permanent magnet synchronous
motor (PMSM), and other parts are included in the exper-
imental platform. The relevant parameters of the double-
stator motor are shown in Table 2.

Table 2: Parameters related to DSSRG

Parameter Value
Poles 4
Convex pole number 16/18/16
Rated voltage (V) 48
Rated power (W) 1600
Number of turns of outer stator convex pole| 22
Number of turns of inner stator convex pole 17

A. Variable speed experiment

The observational results of the customary PI con-
trol method and the PIDEC for the experiment of vari-
able speed are shown in Figs. 12 and 13, respectively.

During the process, the DC resistive load Ry is
maintained at 4Q2. The motor speed is changed from 900
r/min to 600 r/min, the generating power is changed from
500 W to 440 W, and the load power is kept at about 576
W. The stability of the system is maintained by an energy

900r/min | AG,=22v  600r/min 9001/min

| 600r/min
[ Aim028s I
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1

P,200W/div)
#,(10A/div)
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} AI

| lu—v————-—v
m | iz(_l 0A/div) 2 CH2 Pe(200W/div)

I “

|

|

|
| X
|
1

Time(2s/div)

Fig. 12. Experimental results of PI control under variable
speed: (a) Changes in Uy, ir and i, and (b) changes in
P L» PG and Pb.
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Fig. 13. Experimental results of PIDEC control at vari-
able speed: (a) Changes in Uy, i;, and i, and (b) changes
in P;, P; and Py,.

storage device after a change in generation power. The
battery power P;, is increased from 76 W to 136 W to
compensate for power instability. From the observational
results, it can be seen that the DC bus voltage overshoot
of the conventional control method is about 4.5% and
the bus voltage recovery time At is 0.28 s. By using the
PIDEC, improved regulation of the DC voltage across
the link is achieved. The M), of the PIDEC is less than
2.3% and the Aty is less than 0.08 s.

B. Variable load experiment

In the variable load experiment, the functionality of
the customary control method is shown in Fig. 14 and
the performance of the PIDEC is shown in Fig. 15. In
the experiment, the load Ry is decreased from 4Q to
3Q, the load current iz, is increased from 12 A to 16 A
accordingly, and the motor speed is kept at 900 r/min.
In order to keep the DC voltage across the bus constant
when the load power is stepped, the power deficit is sup-
plemented by the energy backup device, and the battery
power Py, is increased from 76 W to 268 W, with a con-
sequent increase in the discharge current of the battery.
From the experimental results, it can be observed that
the DC bus voltage overshoot of the customary control
method is about 8.7%, and the bus voltage recovery time
Aty is 0.3 s. The PIDEC has M), less than 3.2% and At
less than 0.06 s. The control method achieves better DC
bus voltage regulation with greater robustness.
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| Arm0065
I R P 200W/div)
| Us(@0vidiv) |
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Fig. 14. Experimental results of PI control under variable
load: (a) Changes in Uy, iy, and i, and (b) changes in Py,
PG and Pb.
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Fig. 15. Experimental results of PIDEC control under
variable load: (a) Changes in Uy, i; and i, and (b)
changes in Py, Pg and Pp,.

C. Variable DC bus reference voltage experiment
The observed results at a reference change in DC bus
voltage are shown in Figs. 16 and 17. The voltage at the
output is changed from 48 V to 55 V. At the same time,
Ry is maintained at 4Q and the motor speed is kept at
900 r/min. It is observed that, due to the increase in bus
reference voltage, the load power increases. The power
required to keep the system stable is provided by the bat-
tery and the battery power P is increased from 76 W
to 256 W to compensate for the system power fluctua-
tion. As the DC bus voltage changes, the load current iy,
increases accordingly from 12 A to 13.75 A. It can be
seen that the bus voltage response time At is 0.2 s for
the conventional control strategy, and the PIDEC is more
effective at handling step changes in the reference value

900r/min | 7oy py S00vmin 900min | 600r/min
W=l
| ,A1~0.085 |
1~
| vazovian PL(200W/div)
T~ . |
i | #(104/div) L | Porzoowrdiv)
& | |
CH
S %
(10A/di) R
I Time(2s/div) l Time(25div)

Fig. 16. Experimental results of PI control under variable
bus reference voltage: (a) Changes in Uy, i;, and i, and
(b) changes in Py, Pg and Py,
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Fig. 17. Experimental results of PIDEC control under
variable bus reference voltage: (a) Changes in Uy, iy and
i, and (b) changes in Py, Pg and Pp,.
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of the output voltage, with a response time Az of 0.05 s
from the experimental results. The response time At is
0.05 s for the conventional control strategy.

D. Stability comparison

Based on the above experimental results, Table 3
compares the bus voltage overshoot M, and the recov-
ery time At of the PIDEC with the conventional control
strategy under different experimental conditions, where
M, is calculated as:

AU,
Mp _ dc

x 100%, (12)
dc
where AUy, is the maximum value of the voltage devia-

tion from the bus voltage reference.

Table 3: Comparison of bus voltage stability perfor-
mance under different control strategies

Situation Parameter |Conventional | PIDEC
Voltage 4.5% 2.3%
overshoot (M, )
Speed change Recovery time 0.28 s 0.08 s
(Aty)
Voltage 8.7% 3.2%
overshoot (M, )
Load change Recovery time ( 03s 0.06 s
Atg)
Bus voltage | Response time 0.2s 0.05s
change (A1)
VI. CONCLUSION

This paper focuses on the use of a new DSSRG for
wind power generation and proposes a new DSSRG stan-
dalone DC microgrid system. A dynamic evolutionary
control strategy based on a closed-loop bus voltage is
proposed for this new DC microgrid system. The con-
trol method combines the traditional closed-loop control
and DEC, which has an improvement effect on the prob-
lem of the PI controller parameters being difficult to be
correctly selected under different working conditions in
the traditional PI control and the problem of the actual
voltage deviating from the given value of the busbar in
the DEC method. The proposed method is simulated and
experimentally verified under three typical working con-
ditions, and it can be seen that the PIDEC control strat-
egy has a smaller bus voltage overshoot and a shorter
bus voltage recovery time, which makes the DC bus volt-
age remain at a given value and improves the power sup-
ply quality and reliability of the wind power microgrid.
Due to the phenomenon of increased current ripple of
the battery with PIDEC control strategy in the experi-
ment, which will damage the battery life of the battery, a
hybrid energy storage system, i.e., a storage system with



an energy-based storage original battery and a power-
based storage element supercapacitor, will be established
in the future to achieve the bus voltage stability and the
improvement of the dynamic performance without deple-
tion of the battery’s service life.
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