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This paper focus on the optimal control of a stand-alone hybrid renewable energy system 
(HRES), which is based on a photovoltaic (PV) generator, a wind turbine (WT) and a battery 
energy storage system (BESS). In order to control the DC bus and to manage the power flow 
between the several power sources and the variable load demand, different intelligent control 
techniques are developed in this work. Thus to improve system*s efficiency, a dual input single 
output (DISO) DC/DC is adopted with a robust controller to integrate both intermittent PV-
Wind renewable generators. Firstly, a Fuzzy Logic Controller (FLC) and a Sliding mode 
controller (SMC) are designed, implemented and compared. The aim of this control is to reach 
the optimum power to the DC bus voltage. Secondly, the BESS is supervised using a specific 
energy management strategy (EMS) depending on the power flow and the DC-linked voltage. A 
three-level inverter is used in the HRES to enhancing the quality of power injected into the AC 
load. Simulation results demonstrate the performance of the SMC compared to the FLC and the 
effectiveness of the proposed EMS irrespective of variations in meteorological conditions and 
load 
. 
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1. Introduction 
 

    Due to the increased world public consciousness, the need of environmental conservation 

and less dependence on traditional power systems, renewable energy sources become a 

primordial topic in the future electricity supply [1]. On the other hand, the need also for 

more sustained power systems, with the rapidly growing in the electricity demand and the 

fast economic development are the key reasons for the integration of Hybrid renewable 

energy concept, which is envisioned to play a promising role for the modern electrical 

power systems [2]. Indeed, in recent year’s renewable energy systems have become a great 

attraction for researchers in power technology, industry and development of the green 

sector [3, 4]. Then serious attempts have been made to improve robustness of the 

alternative power system. So hybridization of two or more different types of renewable 

power sources has opened opportunities to provide better efficiency [5]. In the literature, 

there is a lot of study going on in two fundamental renewable power technologies; PV and 

wind. The combination of these generators is presented an optimal solution due to their 

complementary nature [6, 7]. But unfortunately the inherently intermittent and fluctuant 

nature due their dependence on meteorological condition can present a serious challenge. 

Besides, it is hard to estimate their production [8]. However, among the best solution to 

overcome these limitations and compensate the deficiency of the power caused by their 

random nature is to integrate battery energy storage system (BESS) in the Hybrid energy 

system [9]. Therefore, adapting renewable power systems to operate reliably with the BESS 

can be a key challenge. Consequently, various approaches and techniques have been 

illustrated which aim to facilitate the process of HRES integration and synchronisation. An 
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intelligent control and management strategy is required to improve the power quality, to 

increase the flexibility and to improve the energy efficiency [10].  Implementation of 
HRES is realized Using advanced power electronic interfaces such as the DC-DC converter 

and the inverter and hence, the control design of these converters has become a crucial 

topic. Fortunately, with the progress of electronic energy systems and digital technologies, 

several applications have been put into practice in smart grid, especially in the development 

of electronic power converters and their controllers [11, 12]. The aim of this paper is to 

design smart supervisors based on artificial intelligence as fuzzy logic control and sliding 

mode control, which perform a smooth transit between the different operating situations of 

the whole micro grid and makes it more reliability. The supervisors manage the transition 

of energy between the renewable sources (PV / wind), the BESS and the load according to 

with power generated in a renewable way, charge request and the global state of charge 

(SOC) of the storage system. Indeed, in this work, a battery is used to improve the dynamic 

behavior of the HRES. It controls and permits the system to run at a stable output despite 

the load and input power perturbations [13].  Double input-single output (DISO) DC/DC 

converter is employed also thanks to its ability to associate various sources and combine 

their benefits automatically [14].  A three level inverter is also used to connect the HRES to 

the load. This work is mainly organised into five sections. In section 2, a detailed 

description of the proposed HRES with dynamic modeling of each element is presented. 

Section 3 focuses on the investigated control strategy including the supervisory controllers 

design and the power management proposed for our system. Extensive simulation results 

are illustrated and discussed in Section 4. Finally, the main conclusions drawn from this 

work are reported in section 5. 

                                                   

2.  Hybrid system configuration  
 

    The overall scheme of the propounded hybrid renewable energy systems (HRES) is 

presented in figure 1. The HRES consists of the wind turbine (WT) based on a Permanent 

Magnet Synchronous Generator (PMSG), a photovoltaic source and a battery system. The 

three power sources are associated to the common DC bus to supply power to the DC load 

in the first case and then to an AC load which is related to the DC link through a three level 

inverter. The PV-wind power sources are coupled to the DC bus via the DISO/DC-DC 

converter and the battery is connected through the bidirectional buck boost converter. 

 

 

 
 

Fig. 1. Architecture of the adopted HRES using DISO converter 
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 2.1 PV Power Subsystem 

 
  Different models can be found in the literature to estimate the solar generator power [15, 

16]. So for modeling a PV generator same approach is adopted as explained for a PV cell 

[17]. The single diode solar cell model is exploited here. The equivalent circuit of the 

adopted model is shown in figure 2. 

 

 
Fig. 2. The equivalent schematic model of a PV cell 

 

The diode current can be described by Shockley′s expression as [18]:                                                   �� = ��[��	 
����������� � − 1]                                          (1) 

 
The leakage current caused by the shunt resistance �_��  is presented as:                                                             ��� = �����������                                                       (2) 

 

Applying Kirchhoff′s laws to figure 2, the load current produced from the PV cell is given 

by following equation [19]: 

                         ��� = ��� − �� ���	 
������������ � − 1� − �����������                         (3) 

 

 

where Vpv and Ipv denote the harvested voltage and current,  Iph is the PV cell photocurrent,  

Is  is the reverse saturation current, Rsh and Rs represent the shunt and series resistance 

respectively, n = 1 designates the diode ideality factor, VTh  is the thermal voltage (VTh =   !"#  ) where K is the Boltzmann constant ($ =  1.3 × 10)*+ ,/$), Tc indicates the 

temperature of the cell (in K) and q =  1.6 × 10)01 C is known as the electron charge). 

 
The evolution of the PV cell photocurrent Iph in terms of the temperature and the irradiation 

can be approximated by [20]: 

        ��� = [��" + 45" − 298 9] :0;;;                                             (4) 

 where Isc represents the photocurrent at STC (Standard Test Conditions), G is the solar 

irradiance and Ki = 0.0032 defines the short circuit current temperature factor. So a PV 

generator system is conceived by an integration of a number of individual photovoltaic 

panels which are then associated into a single array to obtain the desired output power. 
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 2.2 Wind Power Subsystem 

 
   The proposed wind energy conversion system consists of a wind turbine and the turbine 

has been coupled with a Permanent Magnet Synchronous Generator (PMSG). The 

generated output voltage from the PMSG changes with respect to various wind speeds, and 

a rectifier has been used to convert the generated output power to DC. In this work the wind 

turbine generator consists also of a fixed pitch angle β =  0 [21]. The fundamental 

equation describing the relationship between the output power of the wind turbine and the 

wind speed is presented by [22]: 

                                    => = 0* ?@ABCA+D�E                                                                     (5) 

 
where ρ represents the air mass density 4FG/H+9, Awt is the swept area, Vw is the average 

wind speed in 4H/J9 and Cp denotes the power coefficient. It is a function of the tip speed 

ratio λ and the pitch angle β. The relationship between these variables can be described as 

[23]: D�4E, K9 = 0.22 
00LMN − 0.4K − 5� �)QR.STN                                      (6)                                               0 MN = 0M�;.;UV − ;.;+WVX�0                         

 

The tip speed ratio λ is given as:                  E = AY��Z                                                                     (7) 

 

where wr  is the angular speed (rad/s) and R is the blade radius (m). 

For the mathematical model of the PMSG, The line to line voltage of an ideal PMSG is 

presented as [24]:                              C[\ = $�]^ J_`4]^a9                                                                       (8) 

 

where $� is the voltage constant and ]^ denotes the electrical frequency. The rectified bus 

voltage in the steady output can be written as:    

                                            C�" = $^]> − $b]>��"                                                                                 (9) 
                                 

 with:  $^ = *�c�*d ,       $b = +d �*d  

 

where ��" designates the average rectified PMSG current, ]> represents the mechanical 

pulsation, p is the number of pair poles and e� denotes the stator inductance. 

 

 2.3 Battery energy storage system  

 

   The natural irregularity of wind-solar power in autonomous system necessities to 

integrate energy storage systems holding a reliable power supply. Batteries are the best 

solution for the smart grid thanks to their high specific energy. So in this work, energy 

storage device is composed of batteries. The generic battery circuit used in this simulation 

work is considered as a series connected internal resistance �f� with a controlled voltage 

source  C\[B. The model is illustrated by the following expression [25]: 

                                  C\[B = Cg ± �f��i[B                                                                                (10) 
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where Cg  denotes the open voltage source, �f� is the internal resistance and �i[B represents 

the battery current. The voltage C\[B depends on the state of charge (SOC) which presents 

the most significant parameter of a battery′s power state. The SOC is given as [26]: 

                  jkDB = jDkf�B + 0lmno p _\[Bqa                                    BBr                           (11) 

 

 where D\[B is the battery capacity. 

 

 2.4 Dual input-single output DC-DC converter 

 
      In this section, the detailed circuit topology of the studied Dual input-single output DC-

DC is briefly described. Figure 15 shows the proposed model. Thanks to the topology 

which includes a different inductor in each layer, the converter can be exploited effectively 

in power systems that require dissimilar voltage levels. As seen in this figure, to ensure the 

interoperability, input sources (C��, CA) share the common output capacitor (C), which is 

connected to the load. The described topology is able of providing the power to the load 

either concomitantly or independently from the integrated renewable power sources by 

applying appropriate gate signals to the controllable switches. 

 

 
Fig. 3. Schematic Model of the integrated DISO converter 

 

 

All state steady equations according to switch positions are summarized in table 1, 

where  qA, q�� represent the duty cycle of  jA0 and jAR  , respectively, and Cc0, Cc* are the 

voltage of e0 and e* inductors. 

  

Table 1: State space equations 

      Switching state CA C��  qA , q��    Cc0 = CA  Cc* = C�� 1 − qA , 1 − q�� Cc0 = CA − CgsB Cc* = C�� − CgsB 1 − qA ,  q�� Cc0 = CA − CgsB Cc* = C�� qA , 1 − q�� Cc0 = CA  Cc* = C�� − CgsB 

        

 

 

The output voltage gain can be deduced from table 1 is expressed as below [27]: 

                              �tuo�Q��R = 0*)vQ)vR                                           (12) 
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For the dynamic modelling, there are four modes of operation. In mode 1, the two switches jA0 and jA * are in conduction. In mode 2, only jA0  is in conduction. In Mode 3, jA0  is 

OFF and jA*  is ON. The latest mode, mode 4 is created when the two switches are OFF. 

For the first mode, the differential equations are represented as: 

 

wxy
xz Cc04a9 = e0 �f{Q�B = −|�c0 + ��A0}_c04a9 + C04a9Cc*4a9 = e* �f{R�B = −|�c* + ��A*}_c*4a9 + C*4a9 _"4a9 = D ��~�B = − 0�{tn���~ C"4a9                                                (13) 

 

 
The general form of the state model can be written as follows: 

 

                                                             ��� = @� + ��� = D�                                                (14) � denotes the state variable and � is the output. A, B, C, � and � are identified as follows: 

 

� = �������� = ��������� 
� ;            � = ������                                         (15)       

 

 

@0 =
���
��− �{Q���ZQcQ 0 00 − �{R���ZRcR 00 0 − 0l4�{tn���~9���

�� ;  �0 = �
0cQ 00 0cR0 0�  ;  D0 = �1 0 00 1 00 0 1�      4169                        

                                     
For the rest model, same methodology is applied to determine the state models. The 

averaged state space representation for the all modes of operation is given as follows: 

                                    ��� = @|qA , q��}� + �4qA, q��9 �� = D|qA , q��}�                                                                              (17) 

Then @|qA , q��}, �4qA, q��9  and D|qA , q��} are defined as: 

                                

wxx
xy
xxx
z @|qA , q��} = qAq��@0 + qA|1 − q��}@*                                                +q��41 − qA9@+ + 41 − qA9|1 − q��}@�  �|qA , q��} = qAq���0 + qA|1 − q��}�*                                                +q��41 − qA9�+ + 41 − qA9|1 − q��}��  D|qA , q��} = qAq��D0 + qA|1 − q��}D*                                                 +q��41 − qA9D+ + 41 − qA9|1 − q��}D�

                      (18) 
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 2.5 The DC-AC inverter 

 
     A three level inverter is used in this study to convert the DC bus voltage to a regulated 

AC voltage. This inverter is controlled to supply the AC load with the required frequency 

and voltage after being filtered by the LC filter. The design of this inverter has been 

undertaken as it is presented in [28]. In fact, in order to well regulate the load voltage, the 

appropriate switching sequence should be determined using a convenient controlling 

technique. The switching sequence is changed depending on the voltage sensed at the load, 

where it is compared with the reference value and the error is given to a PI controller which 

produces the PWM pulses with the reference control signal. The proposed control scheme 

is developed as shown in figure 4. 

 

 
Fig. 4. PWM inverter controller 

 

3. Supervisory controllers for power management  

 
     In this paper the supervision strategy can be divided into two approaches. The first is 

responsible for the topology to integrate the both PV and WT through the DISO power 

converter and control the input power in order to achieve the maximum generation and the 

second approach is interested to the Power flow management. Each approach is detailed on 

following: 

 

  3.1 Control system for the DISO converter 

    The design of intelligent controller for the DISO power converter is crucial to extract the 

optimum power from the input sources while guaranteeing the stability and the protection 

of the whole system. Thus, two adaptive controllers, the FLC and the SMC are proposed, 

designed, implemented and compared so as to choice the best regulator for an optimum 

control. The design of each controller is detailed as follow: 

 
     3.1.1 Design of the fuzzy logic controller 

   

    Fuzzy control is a technique used in artificial intelligence, simple and convenient for 

nonlinear systems that present parameters variation. In this paper, a FLC is designed for the 

DISO converter to integrate discontinuous energy sources. The FLC receives the potential 

of the two sources and then after input power data processing, it has generated the required 

duty cycle at the maximum power point of the considered resources [29]. The conceived 

FLC contains a Mamdani inference engine to carry out a precise selection of power 

generators in right timing by the DISO/DC-DC interface. The fuzzy input variables are the 

wind power and the PV power which are defined respectively as (Pwind) and (Ppv). The 

output variables are the generated duty ratio ( A) and ( ��). Three fuzzy levels have been 

elaborated for the generated power of PV and wind which includes Low Power (LP), 
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Average Power (AP) and High Power (HP). For the output variables  A and  ��, the 

linguistic levels are specified as: Low (L), Medium (M) and High (H). Fuzzy rules are 

performed as per Mamdani methodologies and are evaluated as given in table 2 and table 3. 

Surface diagrams of the established rules are shown in figures 5 and 6. 

 
Table 2: Fuzzy rules decision for  ��                                       Table 3: Fuzzy rules decision for  A 

 

 

                                                                                                                

     3.1.2 Design of the Sliding mode controller                                                     

 

    The SMC control is a form of powerful technique which is broadly used to control 

complex and nonlinear systems with invariant to uncertainties and good robustness against 

external disturbances [30]. The main objective is to optimally perform the output voltage 

control. Consider a nonlinear system described as:                                                                    �� = ¡4�9 + G4�9¢4a9                                (19) 

 

 

where x and u denote respectively the system state and the control input vector. The general 

design of SMC requires mainly two steps. The first step is to construct a sliding manifold 

which is defined by Slotine as the following form [31]:   

           

           4�, a9 = 
E + ��B��)0 �4a9                                   (20) 

 

with �4a9 =  �£^¤  4a9 − �4a9 is the difference between the set point and the output 

measurement, n is a relative degree and E is the tuning parameter . When the system is in 

the SMC, both J4�9 and  J�4�9 are equal to zero: 

                                      J4�9 = 0       and       J�4�9 = 0                                  (21) 

 

 

The second step is to design the control low which can be illustrated as:  
                                       ¢ = ¢^# + ∆¢                                                  (22) 

 

solving the bellow equation :                                                               J�4�9 = 0                                                         (23) 

 

basing on equation (19) : J�4�9 = Jb4�9|¡4�9 + G4�9¢^#}                                           (24) ¢^# = −|Jb4�9G4�9})0Jb4�9¡4�9                                            (25)                              ¢ = −|Jb4�9G4�9})04Jb4�9¡4�9 + ∆¢9                                       (26) 
 

Ppv 

Pwind 

LP AP HP 

LP L M H 

AP M H H 

HP L H H 

Ppv 

Pwind 

LP AP HP 

LP L M L 

AP M H H 

HP H H H 
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The sliding surface is selected as:                                                          j = C£^¤ − CgsB                                                (27) 

 

In this work the DISO converter can be considered as two single input single output 

systems (SISO) connected in parallel. Thus the SMC is performed for each SISO. Let S be 

presented as:                                j = � + E p �qa                                                                            (28) 

 

Therefore: 

                                             j� = �� + E�                                                                 (29) 
Consider: 

                                        �� = ¦� − ��                                                                        (30)  
Referring to equation (14), we have:       

                �� = ¦� − @� − �¢                                                       (31) 

 

and then : j� = ¦� − @� − �¢ + E�                                                       (32) 

Substituting � =  ¦ −  � in the previous equation ¢^# can be determined as: 

 

                                            ¢^# = �)04¦� − @¦ + @� + E�9                                   (33)  

 

Referring also to equation (22) we obtain: 

 

                                                            jj� = −j�∆¢                                               (34) 

or §¢ = $J_G`[j] and $ >  0 denotes the controller gain. So the Lyapunov function can 

be written as: 

                                                  jj� = j�$J_G`[j] < 0                                 (35) 

Thus it yields a stable system. 

  

3.2 Battery energy management control 
 
    In general terms, energy management in HRES means keeping a balance between the 

energy generated by the sources and the load requirement while protecting the storage 

system from overcharge or deep discharge. Indeed, the battery energy storage system 

presents a flexible solution that can ensure reliable energy management system with 

sustainable power quality. The BESS is interfaced with the DC grid through a bidirectional 

DC-DC converter. Within the studied approach of the energy production and the battery 

storage system as described above, an energy management strategy is suggested. In fact, the 

Battery controller in this work is designed to improve the compensation of the DC bus 

disturbances, to steady the output voltage at the desired voltage (Vref ) and to charge or 

discharge the battery within allowable limits. It includes two regulator loops: an outer 

voltage loop and an inner current loop which is adopted to regulate the charging or the 

discharging current of the battery based on the load demand. Figure 7 illustrates the 

structure of the battery regulator which is used to command the bidirectional Buck-Boost 

DC-DC converter in order to charge and discharge the storage system within secure 

operating conditions to both the generators and the load. 
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Fig. 7. The battery controller 

 

   The charging and discharging processes of the BESS in the HRES depend on the 

atmospheric conditions and the power requirements. These modes are monitored in 

accordance with the DC voltage at the BESS point of connection. So when the DC bus 

voltage is greater than the reference voltage, the charging operation is activated and the 

bidirectional converter acts as a boost converter. Otherwise, when the DC bus voltage is 

lower than the reference voltage, the discharging operation is activated and consequently, 

the converter acts as a buck circuit. 

The power balance of the proposed HRES with the energy storage system can be given by 

[28]:                                       C�"_�" = =A + =�� + =\[B − =ªg[�                                                    (36) 

 

 
3.2 Power management in HRES 

 
    The main objective of applying a power management algorithm in the proposed system 

where the renewable energy is the main source is to feed the load continuously. The 

proposed power management mechanism is explained by the flowchart which is depicted in 

figure 8. 

 

The used BESS in this work’s state of charge (SOC) is between 30% and 80% and the term =�^A  observed in the flowchart can be estimated at any time t by the following equation as: 

                                                          =�^A4a9 = =�^B4a9 + =_«¬a4a − 19                               (37) 
 

 

 
Fig. 8. Flowchart describing the power management control of HRES 
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4. Simulation results  
    In order to demonstrate the performance of the supervisory controllers for the 

management process, The HRES is implemented using MATLAB/Simulink software under 

several scenarios as variable load profiles, power sources and weather conditions 

(irradiance, wind profile) as shown in figure 9. 

 

 
             

               Fig. 9. Evolution of climatic data 

Figures 10 and 11 show the voltage and the power delivered by wind and PV 

generators. It seems clear that the irradiance level and the wind speed correlate 

with PV and wind powers. 
 

                       
         Fig. 10. The output power and the output rectified voltage of the wind turbine 

 

 
Fig. 11. The output power and the output voltage of the PV 

 

4.1 HRES with DC load 
 

   Figure 12 describes the DC load power evolution during the simulation. As it can be 

shown in figure 13, with changing power, the DC bus voltage well follows the reference 
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voltage (Vref = 400V) with a good stability, confirming thereby the robustness of the 

propounded control systems. 

 

 
                    Fig. 12. The DC load power 

 
                      Fig. 13. Output voltage of the DISO converter with the FLC and the SMC 

  

 Figure 14 illustrates the initial transients and the settling time of the output voltage. It is 

clearly shown that the output voltage under the SMC has an initial start-up undershoot of 

5% while it presents an important undershoot superior to 10% under the FLC. The DC bus 

voltage converges also perfectly and more rapidly to its reference under the SMC.    

 
Fig. 14. Simulated start-up-response of the output voltage of the DISO converter with the 

FLC and the SMC 

 

To illustrate the performance of the closed loop control process, two fairly useful 

performance indices for the DC line regulation have been proposed : 
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• IAE: integral of absolute error : 

 

                                                       �@ = 0! p |�4a9|qa!;                                          (38) 

 

• ISE: integral of squared error : 

                                                                           �j = ¯0! p �*4a9qa!;                                  (39) 

 

Table 4 points the average IAE and ISE values, obtained over the FLC and the SMC, for the 

process controlling as follows. 

 
Table 4: Integral performance indices for the DC bus voltage in the case of DC load 

Vdc    FLC                  SMC  

IAE 8.81                 7.27  

ISE     °. �±² �³�
                   °. �³ �³�

 

     

4.2 HRES with AC load 
 

   To check the performance of the proposed energy management strategies and the 

robustness of all supervisory controllers used for the DISO converter, the BESS and the 

inverter, the whole system is simulated with an associated AC load. In fact the proposed 

EMS is operated in different operating conditions depending on the varying load. The 

system effectiveness in this case is detailed in Figures 15 to 21.  

Figure 15 illustrates the power flow of each element and the reaction of the BESS in the 

case of an excess or a lack of the generated power to ensure the load demand. 

 

 
                    Fig. 15. Power generated of the HRES under variable AC load 

 

Figure 16 presents the variations of the voltage and the current battery during the 

simulation according to charging or discharging operation. 
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        Fig. 16. Evolution of the electric parameters of the battery 

 

It is clearly observed also from Figure 17 that the global SOC is proportional to the power 

battery. 

 

 

 Fig. 17. State of charge of the battery 
 

So as seen in figure 15 from 3s to 5s the load requirement increases and exceeds the 

generated power from the renewable sources, in this situation the lack of power is given by 

the battery and therefore the SOC decreases. 
Figures 18, 19 and 20 present the curves of the current, the voltage and the active power on 

the AC load.  As it can be shown in Figure 21, with varying power, the DC bus voltage is 

well maintained constant at the desired value (400 V) which presents an important 

advantage and demonstrates the robustness of the proposed control strategy.   

 

 
Fig. 18. Output current load 
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              Fig. 19. Output voltage load 

 

 

 
Fig. 20. Power load 

 

 
Fig. 21. DC bus voltage 

Similarly, simulation results in the second case and table 5 prove the superiority of the 

sliding mode controller. 
 

 

Table 5: Integral performance indices for the DC bus voltage in the case of AC load 

Vdc FLC                  SMC  

IAE 7.71                 6.64  

ISE     ´. � �³�
                   °. µ± �³�
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5. Conclusion 
    In this paper, a supervisory control of a hybrid renewable energy system is presented to 

supply continuous power to the stand-alone load. Wind and PV generators are used as the 

main production unit while the BESS is exploited as a back-up energy source. The 

proposed system is based on a dual input-single output DC-DC converter which has various 

advantages in comparison with the conventional topology based single input-single output 

converters. A detailed modelling and a control design of each component used in the 

investigated power system have been explained in this work. A global energy management 

strategy has been developed to maximize the utilization of renewable energy from PV and 

wind sources, equilibrate the DC link voltage and satisfy the load requirement under 

different operating conditions. The supervision of the overall micro-grid is assisted by the 

global SOC of the BESS. The simulation results point out the high robustness of the 

designed controllers and the effectiveness of the adopted energy management approach. 

 

 
Appendix A. PV and Wind Turbine Specifications                     

  

 Maximum power point                     300 W 

Current at maximum power                     7.69 A 

Voltage at maximum power                    30.54 V 

Short circuit current                      8.1 A 

Open circuit voltage                     36.9 V 

Series resistor                   0.055 Ω 

Shunt resistor                     550 Ω 

Rated power (wind) 

Type of generator 
Pole pairs                                                                     

                   3.8 kW 

                   PMSG 
                      4 

 

 

    Appendix B. DC link, BESS and AC load parameters 

  

UDC,ref                     400 V 

Capacitance                     2.2 mF 

Nominal voltage (battery)                     300 V 

Rated capacity                     6.5 Ah 

Load (1, 2, 3)     (3.2 kW, 6.6 kW, 3.2 kW) 
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