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░ ABSTRACT- This manuscript provides an analysis of a wind-driven self-excited reluctance generator (WDSERG) 

performance running under variable load conditions while maintaining a regular output voltage, and designs an Artificial Neural 

Network (ANN) model to forecast the value of the excitation capacitance required to maintain a WDSERG's generated voltage 

within desired bounds. The self-excited reluctance generator (SERG) has advantages over the induction generator (IG), which 

include steady frequency regardless of load or capacitance variation with proper performance. The analysis of steady-state for the 

reluctance generator (RG) is conducted according to d-q axes transformation. The suitable capacitance is determined for varying 

operating conditions to meet the main requirements for a loaded RG at constant voltage. To provide guidelines for designers, the 

variations of the capacitance corresponding to any change in the load impedance, power factor and prime mover speed are 

determined. The predicted excitation capacitance values that required to keep the generated voltage at a preferred constant level of 

1± 0.1 pu under inputs condition. For example, at conditions (ZL (load impedance) =3pu (per unit), PF (power factor) =1, and 

constant speed) the capacitance 16.5275 µF (micro farad) make voltage constant at 1pu. It investigates how changing machine 

parameters affects the generator's performance and presents the speed above which excitation is not possible. Simulation results 

are supported through MATLAB coding analysis. This paper demonstrates the feasibility of steady voltage operation under in a 

variable load for SERG, presenting insights for practical implementation in standalone wind energy systems. 

 

Keywords: Self-excited reluctance generator, Variable wind speed, Excitation Capacitance, Variable load, Artificial Neural 

Network, Evaluation metrics.   

 

 

 

░ 1. INTRODUCTION 

With the worldwide shift toward sustainable energy resources, 

wind energy has emerged as one of the most promising and 

widely adopted form of renewable power. Its availability, 

scalability, and decreasing cost make it an excellent solution for 

both grid- connected and stand-alone application [1], [2]. In 

stand-alone or remote settings, such as rural communities, 

island systems, and agricultural zones, ensuring a reliable and 

efficient power supply is critical. This is where the role of green 

electrical generators becomes imperative to the performance of 

wind power systems. Designed for wind energy conversion, 

Permanent Magnet Synchronous Generators (PMSG) 

have garnered significant interest. They can be utilized directly 

or in conjunction with single or multi-stage gear box [3]-[6]. 

The permanent magnet in the PMSG rotor  provides low rotor 

thermal stress, high torque density, and excellent energy 

conversion efficiency [7], [8]. However, the primary drawbacks 

of PMSG include high permanent magnet costs, cogging torque 

effects, and demagnetization of the permanent magnet material 

at high temperatures [9]. The implementation and design of the 

Doubly-Fed Induction Generator (DFIG) is considered a 

compelling option for variable speed constant frequency Wind 

Energy Conversion Systems (WECS) due to its substantial 

benefits [10], [11]. DFIG is capable of generating two outputs 

via the rotor and stator, needing smaller filters and converters, 

and eliminating the need for external reactive power 

compensation thanks to flexible excitation via the rotor circuit 

[12]. However, regular maintenance is necessary since the 

DFIG rotor has sliding rings and brushes. As a result, using 

DFIG for faraway and remote applications becomes less 

reliable and more expensive [9],[13]. Moreover, high 

complexity, large size, and cost of DFIG control and design 

make it unsuitable for small stand-alone, low-cost applications 

[9]. Self-Excited Induction Generators (SEIG) are preferred 

over traditional synchronous generators in standalone wind 

energy technologies because of the following benefits: They 

provide self-protection against short-circuit and high overload 

situations, and their brushless and durable design results in 

comparatively inexpensive initial and maintenance costs [14]. 
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The facility of the SEIG to transform energy from mechanical to 

electrical across a large speed range has made it a good 

candidate to replace synchronous machine in different 

applications [15]. However, the machine is impacted by 

variation in voltage and frequency with a change in load, which 

is an inherent problem, and its correction requires complex 

technology. Another kind of generator that provides additional 

advantages is the Self Excited Reluctance Generator (SERG), 

which is a synchronous machine with salient poles or a 

segmented rotor that doesn't need to be excited. The SERG  is 

now popular because of its advantages over SEIG, such as fixed 

frequency, improved voltage regulation, and lower copper and 

iron losses. Considerable progress has been made in the design 

and analysis of SERG [16], and some authors have attempted to 

create an SERG equivalent circuit while ignoring the rotor 

saliency effect [17]. An Additional model comparable to a 

salient pole generator has been developed without field 

winding, utilizing Park's transformation as the basis for its 

analysis [18],[19]. Expressions under pure inductive loads and 

open circuit for cut-off speeds are obtained [20], while an IM 

with an axially laminated anisotropic rotor is used to create a 

laboratory model, as shown in [21]. A mathematical model 

based on d-q axes transformation is created, and some of the 

computed curves are compared with the corresponding 

experimental results [22]. In this paper, the performance based 

on steady state conditions of an isolated SERG under various 

operating situations has been studied using a simple method, 

and ANN model has been developed to automatically select the 

excitation capacitance value for specified operating conditions 

of wind speed, load impedance and power factor. These 

constitute the inputs to the ANN model and the output is the 

excitation capacitance value that is vital to achieving a 

controlled output voltage. The main goal of this work is to 

determine the suitable values of capacitance needed to obtain 

the rated voltage for different values of loads. The analysis is 

modified to be valid for the operation of SERG at any speed and 

load to achieve a constant voltage. 

 

░ 2. ANALYSIS OF WDSERG 
2.1. Model of Wind Turbine System  
A model for Wind Driven SERG (WDSERG) with adjustable 

excitation is shown in figure 1. The model consists of a prime 

mover represented by a wind turbine, a reluctance generator, a 

gearbox, and an excitation capacitance. 

 
 

Figure 1. Model of WDSERG 
 

The output mechanical power (in watts) of a wind turbine is 

represented as 

              Pt =
1

2
Cp(λ, β)ρAVW

3                                                   (1)  

 

Where: 𝐶𝑝is the turbine's performance coefficient, 𝜆 is the 

ratio of tip speed (TSR), 𝛽 is the angle of pitch for the blade, 𝜌 

is the density of air in kg/m3, 𝐴 is the turbine swept area in m2, 

and 𝑉𝑊 is the speed of wind in m/s. The turbine's performance 

coefficient (Cp) is a function of pitch angle of the blade (𝛽) 

and tip speed ratio (𝜆) as described in [23]. 
 

Cp(λ, β) = C1 (
C2

λ1
− C3β − C4) e

−C5
λ1 + C6λ (2)      

Where: 

The values of the coefficients, including C1 to C6 are defined 

as follows: 

𝐶1 = 0.5176; 𝐶2 = 116; 𝐶3 = 0.4; 𝐶4 = 5; 𝐶5 = 21; 𝐶6 =
0.0068.  
 

and, 

λ1 =
(β3+1)(λ+0.08β)

β3−0.028β−0.035λ+1
 (3)    

                   

and the tip speed ratio is:  

𝜆 =
𝜔𝑡𝑅𝑡

𝑉𝑤
 (4)  

                                

Where: 𝜔𝑡 is the tip speed of the rotor blade in rad/s, and 𝑅𝑡 is 

the radius of the turbine blade.  
 

The wind turbine's mechanical torque is expressed as follows: 

Tt =
Pt

ωt

=
0.5Cp(λ,β)ρAVw

3

ωt

 (5)  
                    

2.2. Phasor Diagram of SERG under Load 
The phasor diagram of figure 2, is developed for a SERG, 

without damper windings, based on Park’s d-q transformation 

connected to a variable load. 

 
Figure 2. Phasor diagram of loaded SERG 

░3. MATHEMATICAL ANALYSIS FOR 

SERG WITH VARIABLE LOAD 
The equation of voltage for the RG without the rotor 

conductor, with the terms of the field winding omitted [24]-

[26] can thus be written as in equations (6) to (11). 

http://www.ijeer.forexjournal.co.in/
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The following assumptions have been made in this work:  

1. Magnetic saturation only affects the d-axis magnetizing 

inductance. 

2. The loss of core is negligible 

3. The time harmonics and space harmonics in the air gap 

flux are negligible in the current wave forms and 

electromotive force.  
 

From the phasor diagram of figure 2, the voltage can be 

obtained in terms of d and q-axes components and it may be 

given as: 
Vd = −VL sin δ = RaId + XqIq (6)  

    

Vq = VL cos δ = XdId − RaIq (7)  

                 

Where 𝑣𝐿 is the terminal load voltage, 𝑅𝑎 is the armature 

resistance and 𝛿 is the load angle in electrical degree. The 

direct and quadrature current components are given in terms of 

both load and excitation currents as follows: 
 

Id = IC cos δ − IL sin(δ + φ) (8) 
 

Iq = IC sin δ + IL cos(δ + φ) (9)  
                   
The load current 𝐼𝐿  lags the terminal voltage by an angle φ 

,and the excitation current 𝐼𝐶  leads the terminal voltage VL by 

an angle /2. The substitution of 𝐼𝐿 = 𝑉𝐿 𝑍𝐿⁄   and 𝐼𝐶 = 𝑉𝐿 𝑋𝑐⁄  

in equations (6,7,8,9) with some manipulations, the angle of 

load, δ can be obtained in terms of 𝑍𝐿, 𝜑, 𝑋𝑞, 𝑅𝑎 and the 

capacitance based self-excitation C as follows: 
 

Tan δ =
Xq cos ∅ −  Ra  sin ∅+ZLRa  Xc⁄

Xq  sin ∅+Ra  cos ∅+ ZL[1−Xq Xc]⁄
(10)   

 

where the load impedance   ZL = √RL + XL  ,Xc = 1 ω c⁄  ,and 

ω = 2πf      
            

The rated data utilized in this paper are demonstrated in table 

1, as in the following: 
 

░ Table 1. Main Parameters of the Reluctance Machine 
 

Parameter Value 

Rated phase voltage( Vn) 220V 

Rated frequency (f) 60 Hz 

Rated current (In) 2.2A 

Base impedance (Zb) 100Ω 

Stator winding resistance (Ra) 0.1 PU 

unsaturated d-axis reactance( Xd) 3 PU 

unsaturated q-axis reactance (Xq) 0.8 PU 

base of relative speed (𝑣𝑏) 1.0 PU 

power factor 0.8 lagging 

 

It is very important that, the study in this paper have been 

analyzed based on per unit system (PU), as a result, the figures 

are introduced based pu except that the excitation capacitance 

is used as its actual values in micro farad. 

░ 4. PERFORMANCE UNDER CONSTANT 

SPEED VARIABLE EXCITATION 

CAPACITANCE 
The quantity of terminal capacitance, load current, power 

factor, and external drive speed all affect the generated 

voltage. The practical use of this concept in electric power 

generation has lately been actualized alongside the growing 

interest in wind energy as an alternative to non-renewable 

energy sources. 
 

4.1. Effect of Variation Load on the Load Angle 
The variation of the angle of load δ alongside the capacitance 

based on self-excitation C in case of variable impedance of 

load, the angle of load δ rises as the capacitance of self-

excitation C rises getting a certain value, see figure 3(a)&(b). 

 

 
                                               (a) 
 

 
                                               (b) 
Figure 3. Excitation capacitance versus 𝛿  in case of (a) unity PF (b) 

0.8 PF lag 
 

4.2. The Variation of Direct Axis Magnetizing 

Reactance Xd with Load 
The 𝑋𝑑  can be obtained from equation (7) as in the following 

equation in eq. (11): 

http://www.ijeer.forexjournal.co.in/
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Xd =
ZL+Ra  cos ∅+[(ZL Xc)−⁄ sin ∅] Ra  tan δ

(ZL Xc)−⁄ sin φ−cos φ tan δ
(11)     

 

At a fixed speed, as depicted in figure 4(a) and (b), the 

variation of 𝑋𝑑 with excitation or compensating capacitance 

initiates at its value of unsaturation and falls until its extents or 

reaches a certain and defined minimum value. By way of the 

capacitance C increases additional, the d-axis reactance 

steadily growths again, approaching a value close to the 

machine’s unsaturated reactance. For each load value there are 

two values of Xd, which define as the possible range of self-

excitation capacitance (C). Thes two distinct values of C, 

including Cmin and Cmax are defined as the cut in and cut off 

capacitance, respectively. The simulation results present that 

the operation range of the machine is comparatively wide at 

light load and the range is narrow at operation-based full load. 

 

 
(a) 

 

 
(b) 

Figure 4. Excitation capacitance versus Xd in case of (a) unity PF (b) 

0.8 PF lag 
 

4.3. The Variation of Terminal Voltage VL with Load 
Utilizing the aforementioned analytical technique, an 

appropriate computation is conducted to examine the 

performance-based on steady-state condition for the isolated 

RG under diverse loads. The curve of d-axis saturation is 

characterized by fitting approach [27] to give the direct current 

as function of the direct reactance shown in figure 5. It is 

evidenced that the RG will fail to excite if the state of 

operation needs a value of 𝑋𝑑 larger than the unsaturated 

reactance of the- machine. The modeled function is depicted 

as in following equation; 
 

𝐼𝑑 = 0.09517𝑋𝑑
4 − 0.9662𝑋𝑑

3 + 3.835𝑋𝑑
2 − 7.111𝑋𝑑 + 5.603 (12) 

 

 
 

Figure 5. Direct axis magnetizing curve for the specified reluctance 

generator 
 

Also, Id can be given grom equation (8) in the form: 
 

Id = VL

(ZL Xc)cos φ − sin (φ + δ)⁄

ZL

(13) 

 

Then, the load voltage VL can be expressed in the form: 
 

VL = Id
ZL

(ZL Xc)cos δ−sin (φ+δ)⁄
(14)   

     
The variant of 𝑉𝐿 in relation with the used capacitance for 

excitation C at constant speed and for various impedance 

values for load, see figure 6(a) and 6(b). 

 

 
(a) 

http://www.ijeer.forexjournal.co.in/
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(b) 

Figure 6. Excitation capacitance against VL in case of (a) unity PF 

(b) 0.8 PF lag 

 

The excitation C rises the 𝑉𝐿 decreases at constant excitation C 

and form this is value the excitation capacitance increases the 

𝑉L rises attainment its maximum number at the end of the 

range of excitation. The excitation C initially causes a 

decrease in terminal voltage at a constant excitation 

capacitance value; beyond this point, an increase in excitation 

capacitance results in an increase in terminal voltage, peaking 

at the conclusion of the excitation range. It is clear that the 

generator outside this value of C does not work and 

consequently the 𝑉L drops to zero. 
 

4.4. Effect of Variation Impedance Load on the 

load and currents of capacitor 
 

The other RG performance factors, such load and capacitor 

currents, can be ascertained if 𝑉L is known. 

𝐼𝐿 =
𝑉𝐿

𝑍𝐿
(15)  

                              

𝐼𝑐 = 𝑉𝐿 𝜔 𝑐 (16)  
                             

The variation of the load current IL and the excitation current 

Ic against the excitation capacitance C, Both the excitation 

currents and load rise as the capacitor of self-excitation is 

increased, see figure 7(a)&(b) and figure 8(a)&(b). This 

occurs due to the rise in self-excitation frequency. 
 

 
(a) 

 
(b) 

Figure 7. Variation of load current with excitation capacitance (a) unity 

PF (b) 0.8 PF lag 
 

 
(a) 

 

 
(b) 

Figure 8. Excitation capacitance against current capacitor at (a) unity 

PF (b) 0.8 PF lag 

http://www.ijeer.forexjournal.co.in/
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░ 5. PERFORMANCE OF SERG WITH 

VARIABLE SPEED 
In our application, the prime mover speed (a) of the SERG will 

be changed according to the wind speed variation. This gives 

the per unit speed, more or less than the unity where a = n/ns. 

Accordingly, the generated voltage and the reactance of the 

generator circuit will also vary.  
 

5.1. Effect of speed Variation on the Load Angle 
The effect of the speed variation could be considered for the 

load angle (δ) by substituting 𝑎𝑋L , 𝑎𝑋d , 𝑎𝑋qand 𝑎𝜔𝑐 for 𝑋L, 

𝑋d, 𝑋q and 𝜔𝑐respectively. Accordingly, eq. (10) may be 

modified as in the following mathematical relation; 
 

𝑡𝑎𝑛 𝛿 =
𝑎[𝑋𝑞𝑅𝐿−𝑅𝑎𝑋𝐿+(𝑅𝐿  

2 +𝑎2 𝑋𝐿  
2 )𝑅𝑎𝜔 𝑐

𝑅𝑎𝑅𝐿+𝑅𝐿 +
2 𝑎2 (𝑋𝑞𝑋𝐿+𝑋𝐿  

2 −𝑅𝐿 
2 𝑋𝑞𝜔 𝑐−𝑎2 𝑋𝐿  

2 𝑋𝑞𝜔 𝑐)
(17)  

 

 
(a) 

 

 
(b) 

Figure 9. Excitation capacitance against δ at (a) unity PF (b) 0.8 PF 

lag 
 

The value of δ such as increases with the increasing of the 

speed value at the same excitation capacitance value. Also, the 

used capacitance for self-excitation should be increased to 

recompense the speed decreasing effect for a certain load 

angle, see figure 9(a)&(b). 

5.2. The Variation of Direct Axis Magnetizing 

Reactance Xd with Speed 
In case of variation of speed, Xd can be represented 

mathematically using the following relation by modifying eq. 

(11); 

Xd =
RL  

2 + RaRL + a2 XL  
2 + [(RL  

2 + a2 XL  
2 )ω c − XL]aRatan δ

a2 ω c(RL  
2 + a2 XL  

2 ) − a2 XLRLtan δ
(18) 

 

Besides, in case of variable speed, as depicted in figure 10, the 

variation of 𝑋𝑑 with excitation capacitance 𝐶.The variation of 

𝑋𝑑 with  excitation capacitance at a given speed shows that as 

the excitation capacitance increases, 𝑋𝑑 decreases from its 

unsaturated value until it reaches a minimum point. When the 

speed is reduced, 𝑋𝑑 gradually rises again, approaching the 

unsaturated reactance of the SERG. 
 

 
(a) 

 

 
(b) 

Figure 10. Excitation capacitance against magnetizing reactance at (a) 

unity PF (b) 0.8 PF lag 

 

To determine the range of capacitance that allows self-

excitation, the minimum and maximum capacitance values 

referred to as the cut in and cut off capacitances, respectively 

must be specified. 
 

http://www.ijeer.forexjournal.co.in/
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5.3. The Variation of Terminal Voltage VL with 

Load 
At speed variation, VL can be expressed mathematically using 

the following relation by modifying eq. (14); 
 

VL = Id
(RL  

2 +a2 XL  
2 )

(RL  
2 +a2 XL  

2 )aω c cos δ−aXL cos δ −RL sin δ 
(19)  

  

Figure (a)&(b), illustrates the variant of 𝑉L in relation with the 

used capacitance for excitation C at variable speed. 
 

 
(a) 

 

 
(b)  

Figure 11. Excitation capacitance vs VL at (a) unity PF (b) 0.8 PF lag 

 

The VL rises with an increase in speed of rotor as depicted in 

figure 11. For a constant speed, the terminal voltage also 

increases as the excitation capacitance 𝐶 grows, up to the end 

of the excitation range. It can be noted that voltage build-up 

for a given 𝐶 begins only after the rotor reaches a certain 

speed, known as the critical speed. Moreover, increasing the 

excitation capacitance reduces the value of this critical speed. 

The relationship between excitation 𝐶 and rotor speed at 

different fixed terminal voltages is evaluated to ensure stable 

operation of the self-excited reluctance generator when 

connected to the main power grid. Figure 12(a)&(b), clearly 

displays that, for a constant VL, the required excitation 

capacitance decreases as the rotor speed increases. 

 
(a)  

 

 
(b) 

Figure 12. The excitation capacitance against Vs speed at (a) unity PF 

(b) 0.8 PF lag 

 

The capacitance range needed to sustain a constant VL, across 

a given speed variation under different load conditions as 

presented in figure 12(a)&(b). It is evident that the self-

excitation capacitance need to sustain  VL=1 PU (for example) 

during speed changes from (0.95 PU to 1.05 PU), without a 

noticeable change in machine frequency, It is necessary to 

modify the excitation capacitance from 17.833 μF to 11.679 

μF approximately at ZL=3 and  unity  power factor, see figure 

12(a), and  approximately from 26.241μF to 18.333μF at ZL=3 

and 0.8 power factor, see figure 12(b). Likewise, to keep the 

output voltage between 1.05 P.U. and 0.95 constant. 

 

░ 6. CAPACITANCE ESTIMATION BASED 

ON ARTIFICIAL NEURAL NETWORK 

(ANN) 
Artificial Neural Networks (ANNs) provide an alternative 

approach for handling both linear and nonlinear curve-fitting 

problems [28],[29]. They do not depend on an explicit 

dynamic model of the system, since they are capable of 

learning complex functional relationships and nonlinear 

interactions directly from data. In general, neural networks are 

http://www.ijeer.forexjournal.co.in/
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considered powerful approximation tools because they can 

model highly complicated functions regardless of whether the 

behavior is linear or nonlinear [28], [30]. For this reason, they 

are widely used in applications such as signal processing, 

pattern recognition, function approximation, and classification 

[31]–[34]. The artificial neuron is the core unit of an ANN and 

is designed to simulate the function of a biological neuron. 

The inputs are multiplied by adjustable weights, summed 

together, and then passed through a function to produce the 

output (see figure 13). 
 

 
 

Figure 13. The artificial neuron model 

 

░ 7. RESULTS AND DISCUSSION 
This section is divided into two scenarios, the first scenario 

discusses the traditional analysis for the proposed generator 

based on the mathematical equations that governing the 

system with simulation using MATLAB script, while the 

second scenario depicts the applying of ANN approach as 

intelligent technique to predict the suitable excitation 

capacitance for the proposed generator. 
 

7.1. Scenario 1: Traditional Analysis 
In this scenario, the discussion of the required excitation 

capacitance to guarantee the operating voltage at 1 pu is 

demonstrated based on numerical values and analysis process 

under variable conditions.  
 

░ Table 2. Required capacitance at unity pu of operating 

voltage and unity pf 
 

Zl P.F 

Delta (degree) Xd (pu) 
Cmin 

(µf) 

Cmax 

(µf)  

 Vl 

(pu) at 

Cmin 

at 

Cmax 

at 

Cmin 

at 

Cmax 

3 

1 

31.593 40.915 2.5634 2.1873 16.5275 21.0277 

1 

4 21.687 29.142 2.6308 1.9649 13.1711 18.0466 

5 17.342 23.573 2.6471 1.9136 12.0196 16.8380 

6 14.717 20.217 2.6539 1.891 11.4360 16.2049 

10 9.8568 14.025 2.6611 1.8636 10.5979 15.2425 

 

Table 2 show the capacitance need to satisfy the required 

operating voltage v=1 at unity power factor. There are two 

range of capacitance Cmin (minimum value) and Cmax 

(maximum value). Based on the analysis, the min values are 

chosen in case of the value of Xd under the unsaturated value 

(Xdunsaturated=3 pu). 

░ Table 3. Required capacitance at unity pu of operating 

voltage and 0.8 pf 
 

Zl P.F       

Delta(degree) Xd(PU) 
Cmin 

(µf) 

Cmax 

(µf) 

Vl 

(pu) 
at 

Cmin 

at 

Cmax 

at 

Cmin 

at 

Cmax 

3 

0.8 

19.67 22.919 3.4375 2.6804 15.866 18.6668 

1 

4 15.735 18.744 3.0765 2.3939 14.3633 17.2696 

5 13.288 16.062 2.932 2.2795 13.4600 16.3948 

6 10.87 13.234 3.1771 2.4067 11.8478 14.7713 

10 7.577 10.959 3.0786 2.0394 10.598 15.243 

 

In table 3, the analysis show that the required capacitance to 

satisfy the required operating voltage v=1 at 0.8 power factor 

lagging. There are two range of capacitance Cmin and Cmax and 

it is recommended to choose the min one if the value of Xd 

under the unsaturated value (Xdunsaturated= 3 pu). 

 

7.2. Scenario 2: Prediction of Capacitance based 

ANN 
The ANN architecture based on multilayer perceptron is 

created, and real-time data is used to train the network. ANN 

models were developed as a substitute to enhance the estimate 

process. The neural network's inputs are load impedance (ZL), 

load power factor (PF) and speed of wind (a) while the output 

is the estimated capacitance (C) (see). The model of ANN 

used a 694 sample for training process,149 sample for testing 

process, and 149 sample for validation process.   
 

 
 

Figure 14. Schematic diagram for proposed ANN 
 

Three kinds of ANNs Levenberg Marquardt (LM), Bayesian 

Regularization (BR), and Scale Conjugate Gradient (SCG) 

were trained using the system's collected data using ten hidden 

layers, see figure 14. The training data comes from the 

previously mentioned analytical findings. The evaluation of 

the suggested prediction ANN structure is tested using the two 

metrics: mean square error (MSE), and coefficient of 

determination (𝑅2) as shown in eqs. (20), (21). These criteria 

are used to test the performance of ANNs. As well, the value 

of 𝑅2 =1, shows an excellent fit and 𝑅2 near 1 refer to a good 

fit. Consequently, it is very clear that the values of 𝑅2 is 

proportional to the fitting quality. 
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MSE =
1

𝑛
∑ (𝑡𝑖 − 𝑧𝑖)

2𝑛

𝑖=1
                                        (20) 

 

𝑅2 = 1 −
1

𝑛
∑ (𝑡𝑖−𝑧𝑖)2𝑛

𝑖=1
1

𝑛
∑ (𝑡𝑖−𝑡𝑖−𝑚𝑒𝑎𝑛)2𝑛

𝑖=1

                                   (21) 

 

Where, n is the number of samples, 𝑡𝑖 is forecasting capacitance -based ANN, 𝑧𝑖 represents actual collected capacitance, and 

𝑡𝑖−𝑚𝑒𝑎𝑛 is mean of predicting capacitance-based ANN. Tables 1 show the evaluation performance for the proposed models of 

ANN in different criteria. Besides, figure 15 demonstrates an evaluation performance in chart shape. In addition, figure 16 

demonstrates regression in training of ANN based on LM. The training performance for the LM is depicted in figure 17. The error 

histogram is given in figure 18. Besides, the training state for LM algorithm is shown in figure 19. 
 

░ Table 4. Evaluation Performance of ANN Models 
 

Methods 
Training of ANN Model Validation of ANN Model Testing of ANN Model prediction of ANN Model 

R2 MSE R2 MSE R2 MSE R2 MSE 

LM 0.9490 0.6508 0.9570 0.5759 0.9541 0.6388 0.98218 0.13011 

BR 0.9491 0.6516 Nan Nan 0.9392 0.8225 0.96368 0.29752 

SCG 0.9115 1.1135 0.9263 1.0563 0.9195 0.9473 0.9577 0.4669 

 

 
 

Figure 15. Comparison chart of various ANN Model 
 

 
Figure 16. The ANN Regression plot performance 
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Figure 17. Best Training Performance for LM Algorithm 
 

 
Figure 18. Error Histogram of LM Algorithm 

 

 
 

Figure 19. Training State of LM Algorithm 

 

░ 6. CONCLUSIONS AND FUTURE 

WORKS 
The SERG has good regulation of voltage, fixed frequency 

and high efficiency regardless of the changes of load or 

variation in capacitance. The generator offers also suitable 

operating situations as a wind driven alternator, though, a 

converter of intermediate frequency is needed for supplying an 

isolated load. The required range of capacitance value for self-

excitation which allows the generator terminal voltage to be 

constant for altered values of load, at any presented power 

factor. The forecasted excitation capacitance range that 

required to keep the generated voltage at a preferred constant 

level of 1± 0.1pu under inputs condition ZL=3pu, PF=1, and 

speed not variated is 16.5275 to 21.077 µF make voltage 

constant at 1pu and at ZL=3pu, PF=0.8, and speed not variated 

is 15.866 to 18.6686 µF. As the power factor decreases, the 

excitation capacitance must be increased to offset the 

inductive effects and supply the reactive power needed for the 

SERG’s self-excitation. The analysis is extended and adapted 

to be usable with flexible speed and the capacitance range 

needed to maintain the terminal voltage constant via the speed 

variation is investigated.  In this paper presents the SERG, 

designed to be powered by wind energy and integrated into the 

load. The excitation capacitance needs to be increased to 

counteract the impact of speed reduction at a given load angle, 

and the necessary excitation capacitance must be reduced as 

the prime mover speed increases in order to maintain a stable 

terminal voltage. The paper also introduces general guidelines 

for the designers which lead to a correct choice of direct and 

quadrature axes reactance as well as the armature resistance 

The mathematical analysis based on a d-q axes transformation 

is used. In this paper, three ANN models are built based on 

LM, SCG, and BR algorithms. The dataset of data is collected 

from the analysis. The three algorithms are compared based on 

different performance tests such as MSE and R2. LM is 

recommended as the best algorithm for the capacitance 

prediction. In future works, the researcher’s efforts about this 

point shouldn't stop until the best results for choosing the 

optimal capacitance by using the artificial intelligence. 
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