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ABSTRACT 

The goal of this work is an implementation of real-time energy management systems (EMS) to 
maximize the efficiency of power distribution in an isolated hybrid system containing photovoltaic 
modules, a wind turbine and a battery energy storage system used as a backup source. However, 
hybridization of multiple sources requires power flow control. For this reason, in this paper, a suitable 
power management system is developed using a deterministic fuzzy rule-based algorithm to control 
the proposed multi-source autonomous system. The developed EMS is tested and validated by an 
application of arc welding in remote industrial sites located in Adrar, a remote region in the southern 
Algerian Sahara. 

Keywords: Energy Management systems (EMS); Hybrid Power (Phyb); Photovoltaic Power (Ppv); 
Wind Power (Peol), Fuzzy Logic (FL). 

 

1. INRODUCTION: 

Renewable energies, such as wind and solar energy, have received a lot of 
attention in recent years as a solution to the problems caused by the depletion of 
fossil fuels. This has helped to mitigate the effects of climate change and also to 
meet the growing global demand for energy [1]. 

In remote locations, where diesel is the only source of electrical power, renewable 
energies are also playing a very important role as alternative solutions to 
permanently replace diesel, or operate in hybridization with diesel to diversify 
energy resources [2]. Comparatively, hybrid energy can meet the energy needs 
better than diesel, because of its low cost, cleanliness and renewability [3]-[4].     

The welding activity which is one of the most requested industrial activities in 
isolated sites, as the case in the south of Algeria for the welding of pipelines, 
requires a reliable power supply. For this purpose, manufacturers offer special 
welding stations, equipped with generators, usually diesel type, to be able to 
produce electricity at the welding station. Generally arc welders have direct current 
(DC) power supplies[5]-[6], which can be a constant current source or a constant 
voltage source; a constant current source varies its voltage to maintain a reference 
current, while a constant voltage source varies its current to maintain a reference 
voltage[7]. With the advent of switched mode power supplies and insulated gate 
bipolar transistor (IGBT) modules, soldering stations have become much more 
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efficient, thanks to static converters called soldering inverters [8]-[9]-[10]. There are 
many inverter topologies already in use in soldering stations, namely: flyback, half-
bridge, push-pull, etc. [11]-[12].  

Each topology has a particular switching scheme designed according to certain 
criteria, such as the type of welding welding process, welding current level, cost, 
etc. 

In this work, we are mainly interested in the development of a management protocol 
for a hybrid system consisting of a small wind turbine and solar panels of a few 
kilowatts, in order to use them as an alternative to the diesel group installed in some 
welding stations. In this context, our contribution is a strategy for the intelligent 
management of the hybrid energy with the battery system, to power the welding 
station, and to compensate for any random variations in weather conditions and 
load.   

The structure of the work presented is organized as follows: 

In the first place, a descriptive study is devoted to the autonomous hybrid system 
with its various sources and electrical components. 

The second aspect of this work will focus on the study and modeling of the 
conversion chain of the hybrid system, the wind turbine and the photovoltaic panel, 
as well as the storage battery and its control system. 

In the third part, we will approach the energy management of the exploited sources 
with a supervision system based on a fuzzy logic algorithm which will allow to 
weight the useful operating modes for our application to arc welding. 

An objective analysis of the different simulation results obtained will be detailed to 
be validated. 

2. DESCRIPTION OF THE PROPOSED HYBRID SYSTEM FOR ARC WELDING 

The hybrid system (fig1) designed for welding is based on a set of photovoltaic 
panels and a small variable speed wind turbine, directly driven with a permanent 
magnet synchronous generator (GSAP).The problem of fluctuating wind and 
photovoltaic production is solved by adding storage batteries. 
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Fig. 1.   Description of the hybrid welding system. 

On the photovoltaic side, the same maximum power tracking process (MPTT) is 
used. Finally, an energy dissipation system will be activated in case of surplus 
production.  

For the load; our application, welding, we have opted for an inverter with a full-
bridge topology to provide the arc current. 

2.1 STUDY AND MODELING OF THE GSAP-BASED WIND POWER CHAIN   

The wind turbine conversion chain is a complex non-linear system due to the 
interaction of several domains, namely, aerodynamic, mechanical, and electrical. A 
dynamic model gathering all the parameters of the turbine, and the use of modeling 
has become a necessity to control its performance and meet the desired 
operational characteristics [13]-[14].   

2.1.1 TURBINE DESIGN  

The turbine is a sensor that converts the kinetic energy of the wind into mechanical 
energy in the form of rotation. According to BETZ's law[15], the wind sensor will 
never be able to convert all the kinetic energy of the wind. Indeed, a theoretical 
maximum of 16/27 of the kinetic energy contained in the wind can be converted into 
exploitable energy.  

The power extracted from the wind by the turbine can be defined as follows [16]: 

 

 

                                                                                      (1) 

 

𝐶𝑝: is the aerodynamic efficiency of the turbine, often called the power coefficient. 

             𝑃𝑎𝑖𝑟: The air power 
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          Ρ: Density of the air 

            S: surface swept by the blades of the turbine 

            V: air speed 

           The expression of the aerodynamic torque is written: 

 

                                                                                             (2) 

          : Speed of rotation of the turbine     

The input variables to the turbine can be summarized as follows: 

          -Wind speed 

          -Turbine rotation speed 

          -The angle of the turbine blades 

 

From these three inputs, we obtain the mechanical torque at the turbine shaft using 
the torque expression (2): 

                                                                                              (3) 

          : the electromagnetic torque provided by the GSAP 

J: the turbine-GSAP moment of inertia 

           f :the turbine-GSAP friction coefficient 

2.1.2 GSAP MODELING 

The modeling of the GSAP consists in building a mathematical model of the 
machine, translating the electromagnetic and mechanical phenomena which govern 
its operation. 

The model of the GSAP used is modeled by the following equations: 

 

 

                                                          (4) 

 

The electromagnetic torque is given by : 

                                                              (5) 
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With: 

Vd,Vq the stator voltage components  

Rs,and Ls respectively the stator resistance and inductance . 

 

Ed,Eq :magnetomotive forces 

Ψf:the magnetic flux 

 

2.2 MODELLING OF THE PHOTOVOLTAIC CHAIN 

The use of solar energy has enormous potential. Photovoltaic panels are designed 
with this in mind. Even though it is known that the yields are relatively low, the 
search for maximum power is necessary. However, photovoltaic panels are subject 
to varying sunlight and temperature conditions that affect the extractable power. 

In fact, even under constant conditions, the extractable power is variable depending 
on the voltage or current imposed on the terminals of the photovoltaic panels. It is 
therefore necessary for the operating system to adapt to extract as much power as 
possible: this is how the idea of Maximum Power Point Tracking (MPPT) was born. 

2.2.1 DC/DC CONVERTER WITH MPPT CONTROL 

The efficiency of solar panels is increased by using MPPT. This technique allows 
the extraction of the maximum power by controlling the DC/DC boost converter by 
adjusting the duty cycle to match the load impedance to the source. This 
configuration is illustrated in figure 2. 

 

 

Fig2.DC/DC converter with MPPT control. 
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2.3 MODELLING AND CONTROL OF THE STORAGE BATTERY   

Due to the fact that the proposed system operates autonomously, without any need 
of electrical distribution network, the batteries are an essential element because the 
power generated by the hybrid system is usually fluctuating [17].The battery stores 
the excess energy produced by the system; then it participates in supplying the arc 
load in the case of absence, or insufficient power. 

2.3.1 MODELLING OF THE BATTERY  

The mathematical model that simulates the behavior of the battery is determined by 
the type of problem to be studied. Our choice is an electrochemical battery (lead-
acid) CIEMAT (research center in energy, environment and technology in Spain) 
[18]. 

This simple battery model is accurate enough to evaluate the performance of the 
charging and discharging process, as well as the state of charge SOC (t) at time t, 
which can be written by equations (6) and (7). 

 

 

a) Load mode 

 

                                                                       (7) 

b) Discharge mode 

                   

                                                                       (8) 

 

Where, Pbat represents, the power of the battery; Cn its rated capacity;and βc, β 
are the charge and discharge efficiency respectively. 

3. MANAGEMENT OF ENERGIES 

It is obvious that the hybrid energy produced, by the wind turbine or the solar 
panels, is very fluctuating due to the random change of the wind speed [19] and the 
sunshine. In other words, the power produced can be higher or lower than the 
demand of the arc. In order to optimize the overall system, an energy management 
must be established. In our case, a strategy is used to manage the hybrid power 
between the arc demand, the battery and the dissipation. The priority load is the 
welding arc; if there is a power surplus, it will be stored in the batteries [20]-[21]. 
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 3.1DIFFERENT OPERATING MODES OF THE HYBRID SYSTEM 

Our system consists of a GPV with a power of 8 kW, a wind generator with a 
nominal power of 8.5 kW and a battery of 65 Ah and 24V. The SEH is designed to 
supply a main DC load and additional loads. It is considered that: 

   -The PV and wind systems are considered as main sources; 

   -The battery is used both as a source in the case of a generation deficit, and as a 
load in the case of an overproduction, 

   -The main DC load is always connected,  

   -The additional loads are used to dissipate the excess production when the 
battery is fully charged.  

Therefore to simplify the study, we assume that each component has two states; 
active or inactive, for example on a summer day, the solar radiation is stronger 
during the day while the wind may blow at night.  

3.2 SEH SUPERVISION SYSTEM  

We have proposed two management strategies: the first one consists in considering 
the wind conversion system as the main source to feed the load when the wind 
power is greater than or equal to the photovoltaic power, then the second one 
considers rather the photovoltaic conversion system as the main source to feed the 
load. 

For these two strategies, when a conversion system (wind or photovoltaic) is 
considered as the main source, the other system will be used as a back-up source 
and will be activated as soon as the first one does not meet the load demand. 

The battery is used both as a source in the case of a lack of production, and as a 
storage system in the case of overproduction.  

Because the hybrid system is isolated, we have provided a dissipative load that 
serves as an "overflow" for possible overproduction represented by the additional 
power (Psup). 

 

Equations illustrating power management: 

                                                                                              (9) 

 

 

                                                         

With : Peol : wind power, Ppv : photovoltaic power, Pch : load power, Phybr : sum 
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of wind and photovoltaic power. 

3.2.1 FUZZY RULE-BASED MANAGEMENT STRATEGY 

 

Fig3. Supervision system based on fuzzy logic. 

3.2.1.2 IMPLEMENTATION OF THE FUZZY SYSTEM 

The fuzzy controller adopted for energy management uses five input variables 
which are: ∆P0, ∆P1, ∆P2, ∆P3 and the state of charge SOC.  

The output variables of the system being the switch control signals: 

 

Kpv: switch supplies the load with the power Ppv ; 

Keol: switch supplies the load with the power Peol ; 

Khybr: switch supplies the load with the power Phybr ; 

Kptotale: switch supplies the load by the power (Phybr + Pbatt) ; 

Kbatt1: switch charges the battery by the power Ppv ; 

Kbatt2: switch charges the battery by the power Peol ;  

Kbatt3: switch charges the battery by the power Phybr ; 

Kbatt4: switch charges the battery by the Phybr-Pch power; 

Kbatt5: switch charges the battery by the power Ppv-Pch ; 

Kbatt6: switch charges the battery by the power Peol-Pch ; 

Ksup1: switch supplies the additional load by the power Ppv ; 

Ksup2: switch supplies the additional load by the power Peol ;  

Ksup3: switch supplies the additional load by the power Phybr ; 

Ksup4: switch supplies the additional load with Phybr-Pch power; 

Ksup5: switch supplies the additional load by the power Ppv-Pch ; 

Ksup6: switch supplies the additional load by the power Peol-Pch ; 

 



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication：Online Open Access 

Vol: 41 Issue: 06-2022 
DOI 10.17605/OSF.IO/4AJRF 
 

June 2022 | 9  

 

 

3.2.1.3 CHOICE OF MEMBERSHIP FUNCTIONS 

The state of charge of the battery can be: Low, Medium or High ''. Similarly, the 
power difference can be considered as: Negative "NE", Zero "ZE" or Positive "PE".  
Finally, the states of the switches K of the load, the battery or the auxiliary load can 
be: closed or open. Each of these fuzzy sets is designated by a membership 
function, we have chosen trapezoidal and triangular membership functions to 
designate each of the fuzzy sets distributed on the universe of discourse of the 
variables of our system. The membership functions chosen for the ∆P, The battery 
state of charge are shown in Figures 4,5, respectively. 

 

Fig4. The membership functions state of charge SOC. 

 

Fig5. The membership functions chosen for the ∆P2. 
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3.2.1.4 CHOICE OF INFERENCE  

The tuning strategy depends essentially on the inferences adopted. They link the 
input variables to the linguistic output variable using a number of rules.  

In our system we used 63 fuzzy inference rules. 

4. RESULTS AND INTERPRETATION 

The aim of this project is to power a welding station used to weld pipelines located 
in a remote area in Adrar, southern Algeria, by a hybrid system (photovoltaic, wind 
turbine plus battery). For this reason, an hourly study was made on the climatic 
conditions (irradiation, temperature and wind speed) of Adrar for the duration of one 
year [24,25]. 

We then proceeded to the simulation by setting the simulation time of the latter to 
24s which is really equivalent to 24h.  

The climatic conditions (irradiation, temperature and wind speed) vary as follows: 
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Fig6.Evolution of input data (irradiation, temperature and wind). 

We will illustrate in the following figure the representation of the powers generated 
by our hybrid system which are mainly, the two powers of the wind generator and 
photovoltaic, as well as the power of the battery backup. 

We have chosen a profile of the power of the load requested that allows the proper 
functioning of the welding station without interruption. 

 

Fig 7. Profile of the different powers. 

 

FIGURES OF THE DIFFERENT MODES 

In the following, we will show with precision the time interval of the powers that feed 
our load according to the weighted mode, which reflects our management applied to 
the system.  
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Fig8 .State of charge of the battery (SOC). 

 

Fig9. The photovoltaic switch state (Kpv). 

 

Fig 10: The wind switch state (Kpeo) 
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Fig 11. The hybrid switch state(Kphyb) 

 

Fig 12. Battery swich state (KBatt). 

4.1 ANALYSIS OF RESULTS 

The state of charge of the battery is always between the minimum and maximum 
threshold limits (0.3<SOC< 0.9) ;  

Phase 1 

- t = [0 - 8.32]:The power from the photovoltaic/wind system, is less than the power 
demanded by the load, and given that SOC min (30%) ≥SOC ≥ SOC max (90%), in 
this case to satisfy the load, the battery discharges. 

Phase 2 

- t = [8.32 - 8.55]: The power produced by the hybrid system is greater than the 
power demanded by the load, which means that the load will be supplied, and given 
that SOC < SOC max (90%) and that from the figure ( 16 ), so the battery will be 
charged by the surplus. 
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Phase 3 

- t = [8.55-18.1]: The power produced by the PV system is greater than the power 
produced by the wind system and the load demand, which means that the load will 
be supplied by the PV system, and the battery will be charged by the surplus. 

 Phase 4 

- t = [18.1-18.35]: same behavior as phase 2 

- t = [18.35 - 24]: identical behavior to phase 1 and the battery is discharged. 

We can see that our load is constantly supplied, and the additional power (Psup) is 
zero. 

4.2 APPLICATION 

This application allows to test the performance of the supervision system for energy 
management of the global hybrid system applied to the arc welder. 

 

Maximum welding current 200A 

No-load welding voltage 65V 

Arc load 0.1Ω 

Smoothing inductance 200µH 

Duty cycle 0-40% 

 

TABLE1.  Welding inverter parameters 

The state of charge of the battery is set at 50% and the reference charging current 
at 150A.  

The main results of this test are shown in the following figures: 
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Figure 13. Evolution of the current arc 

 

 

Fig 14.Evolution of the voltage arc 

 

Fig 15.Evolution of the power load (arc). 
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4.2.1 INTERPRÉTATION 

The graphs of currents and voltages on figures (13) and (14) show that the load 
current Iarc follows perfectly the reference load current at a value of 150A in spite of 
the disturbances which are due to the switching between the various sources, and 
the load voltage is fixed at 15V, which makes it possible to provide a power 
according to the demand of the load. 

5. CONCLUSION 

The main objective of this work was the control and development of an energy 
management algorithm of a hybrid stand-alone system: photovoltaic/wind and a 
battery in order to supply an isolated load without interruption, adopting a main load 
(an inverter welded substation) and auxiliary loads in the region of Adrar in the 
south of Algeria. We have established mathematical models that describe the 
behavior of the different parts of the SEH. The Matlab/Simulink software was used 
for this purpose. In order to optimize the energy produced by the RE sources (PV 
and wind), we adopted MPPT algorithms, a process of charge/discharge of the 
battery and the regulation of the load current. The energy management between 
the different sources constituting our hybrid system: PV, wind and the battery, is 
ensured by a management strategy based on fuzzy deterministic rules The 
simulation results obtained under various conditions allow us to conclude that the 
management supervision has been successfully validated and the load is always 
powered. 

The present work can be enriched in the future, considering: 

- The addition of a storage system (overcapacity, PAC...).  

- The addition of other energy sources. 

- More elaborate controls of static converters, including fuzzy PI controllers. 
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