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Abstract: The main aim of this project is Back-to-Back Voltage-Source Converters with Adaptive neuro fuzzy
inference (ANFIS) Controller for Grid-associated Solar/Wind Cogeneration to reach the desired performance
level. An effective and simple wind-solar cogeneration system has been proposed in this research. Utilizing BtB
VSCs with ANFIS controller tuning, a wind turbine is connected to the grid. A dc-link capacitor was used to
directly connect a PV generator. There are no phases conversion of DC/DC in this system. In addition, to
maximise the extraction of renewable energy, the proposed topology incorporates tracking of the individual
maximum power points of PV and Wind generators. An ANFIS controller with vector control in a rotating
reference frame is used to control the VSCs. The suggested system's performance is also examined in light of
utility-grid issues. MATLAB/SIMULINK findings are used to verify the proposed topology's efficiency.

Key words: Grid, PV, Wind, Back-to-Back voltage-source converters (VSCs), Adaptive neuro fuzzy inference
(ANFIS) Controller

I.INTRODUCTION

Over the last decade, the cost of wind and solar power has declined significantly. Renewable energy sources
including solar and wind have grown from a total of six gigawatts in 2006 to more than 303 gigawatts in 2016
because of economic and technical incentives [1]. Distributed generating units are built using power-electronic
converters since wind and solar energy is unpredictable and uncontrollable. There is a lot of discussion about
distributed generating systems using renewable sources like solar and wind power. Wind and solar power are
examples of renewable energy. and solar have recently being studied in tandem. to optimise the advantages of
the available renewable resources [9]. When wind and solar energy are combined, the total operating efficiency
is increased because of the complimentary nature of t two sources of energy. Due to a smaller footprint of
combined scheme, the hybrid solar and wind co-generators maximise land resources usage and hence improve
capital investments. Furthermore, wind turbines have a greater capacity to assist the utility grid dynamically
than static solar generators because of their mechanical inertia. In the event of an outage, you'll have a backup
supply of power. Unfortunately, grid-tied wind and solar cogeneration generators get less attention in the
literature. Wind and solar hybrid systems, on the other hand, may be used to power off-grid homes and
businesses. [10]. In grid-connected and stand-alone applications, proposes an optimum sizing technique for
wind-solar-battery systems. Multiple-input converters were used to enhance the integration of renewable energy
sources in [12]—- [14]. For example, in [12], it is suggested to fuse two types of DC-DC converters together. In
[13] and [14], a current-source dc-dc converter and a linked transformer are both presented. Aside from
complicated topologies, the suggested Dc power distribution may not be the best medium for ac-dominated
power systems [12]. In light of this, the technologies detailed here have not been put to the test in higher-power
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applications. In a freestanding hybrid solar and wind arrangement includes diesel engines and battery storage.
Multiple converters linked in parallel to interconnected renewable energy resources are commonly connected
via a single DC bus, which may reduce overall system efficiency and increase overall system costs. Because of
this, controller design and coordination are essential to minimise the dynamic interactions between the closely
regulated converters of energy An unstable system could be introduced by using power converters. Electricity
is supplied to the PV generator and energy storage unit through dc-dc converter-interfaced VSCs. Wind-powered
induction generator is connected to a battery bank through a VSC, which is subsequently charged by a PV
generator. RES such as wind and the sun need the use of hybrid systems. just a small amount of electrical power
throughout the conversion process. These systems, on the other hand, are aimed toward specialised off-grid uses.
[15] seems to be the primary source of information on the Grid-associated solar and wind energy systems. The
BtB VSC coupling the wind turbines and solar to the electrical grid in [15]. It is possible to control the DC-link
voltage based on the MPPT value of the PV panel, using a Pl dc voltage controller on the machine side. By
using the synchronous detection technique, the machine-side current reference values are identified, and a
hysteresis current controller (HCC) is used to regulate them. Despite the fact that [15]'s method has the potential
to be beneficial, difficulties must be addressed: Using both VSCs in the MPPT for PV or wind production might
impair system reliability and increase losses in certain scenarios. This means that if there is no wind power, then
wind turbines may not be able to produce energy. The wind turbine's speed is not controlled by a servo operation.
The gadget controls the dc-link voltage. In order to boost the harmonic content of machine and grid side currents,
hysteresis controllers are utilised. Hybrid wind-solar producing systems have been touted for their potential
benefits, as well as the challenges encountered by the renewable energy sector, which motivated this
investigation.

A novel topology for connecting wind and solar generators to the electric grid has been developed, and it is
simpler and more efficient than the one described in [15]. What the document has to provide is as follows: The
integrated BtB VSCs, which don't need any additional power electronic switches, may be used to realise linked
wind and solar power plants to the utility grid An ANFIS controller and a voltage-source rectifier (VSR) are the
sole means of achieving maximum power point tracking (MPPT) in utility grids by regulating the dc-link voltage
(MPPT). The suggested system's overall stability is characterised using a small-signal state-space model. 4) The
hybrid system that has been proposed has performance has been evaluated using time-domain simulations in a
number of operational scenarios, including utility-grid outages.

Il. PROPOSED SYSTEM

The suggested system is indicated in Figure. 1, the arrangement contains voltage source rectifier to link the wind
generator, and voltage source inverter to coupled to the hybrid cogeneration system into the grid. By using a dc
cable, the BtB VSCs' dc-link capacitor is directly connected to the PV generator. There are six cells in the VSR
and VSI, each of which has an IGBT connected to a diode. In the next segments, the suggested system's
modelling and control are detailed.

E: Solar Generator

Wind Generator VSR

tw PWM S
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T
Fig.1 Proposed Grid-Connected Cogeneration of Wind and Solar Energy ANFIS Controller-Controlled BtB
VSCs
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Wind Generator Modelling

The PMSG is used in a full-scale wind turbine (FSWT) because of its low operational and maintenance costs
[2]. According to the wind turbine model, it looks like this:

1 Rwy
P =5 Cp(B, VPR V3ying, A = 7= (1)

Vwind

Rotor power coefficient (Cp), which is nonlinearly related to the blade pitch angle and the speed ratio of tip, is
defined as a function of Pm and Cp. Normal operational conditions are optimised for wind power generation by
setting at zero [13]. In the following way, the PMSG is modelled.

_ _ dis . . _
Ug = Rslg + Ly d_lt + jpwy (ll) + les) (2)

d 3
]awr = Ep'ablsq —Tn (3)

whereT; and 7 are current and voltage in stator and the representation of complex vectors, correspondingly,
Complex vectors xd +jXq are the quadrature and direct apparatuses of the rotating reference frame's complex
vector X in the rotating reference frame; Ls is inductance of stator; Rs is stator-winding resistance. A motor's
inertia and viscous friction are represented by J and, respectively, the imaginary unit number, the rotor magnet
flux linkage, the mechanical rotor speed, and the number of pole pairs in the scheme.
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Fig.2. At varying wind speeds, the wind turbine's mechanical properties change.

Wind speed and mechanical rotor speed are displayed in Fig.2 as a function of the produced turbine power.
When the rotor speed is perfectly adjusted to match the changing wind speed, the most wind power is created.
According to Fig. 1, an MPPT for the wind generator (MPPTw) may be used to provide a reference value for
the PMSG rotor rotor speed ( r) at the VSR-side.

Machine-Side VSR Modelling

With the help of the Gs(s) controller, which regulates the PMSG mechanical rotor speed in accordance with its
MPPTw characteristics, the maximum wind power may be captured (4).

Isq = (w5 — wr)Gs(s),Isg = 0 (4)

To build the ANFIS speed controller, the outer loop is used. The stator current reference (I sq) may operate at
its maximum torque, the controller sets its I-component value to zero, as well as its I-component value for the
stator current reference (I sd). The speed controller's gps and gis settings, for example, may be adjusted to meet
your needs. This controller is in order to guarantee that the PMSG stator currents are controlled by the ANFIS
current controller in the inner loop, the ANFIS controller is constructed.

7, = (1§ — 15)Gi(s) + jPwlLsl; + jPYHw, (5)

Note that jPw° rLs  signifies the variable's steady-state value. The current controller is constructed in a manner
similar to the speed controller's by solving (2) and (5).
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Grid-Side Voltage Sources Inverter (VSI) Modelling

Internal resistance in an inductive filter (Lf) terminates the VSI's ac side (Rf). (Cf). 3-phase currents and voltages
are shown in the VSI as vc/ic. To represent the three-phase rms utility grid voltage and current as impedance,
an inductive component (Lg) is coupled to the equivalent resistance of the line (Rg). The following equations
simulate the utility-grid impedance and the Lf Cf filter:

Tp =7 + Ryl + Ly S5 + ol T (6)
T =T + Ryl + Lyt + jolgly  (7)
_ vy .
.= Cfd_tf + 1y + jolrvf (8)
The PLL is utilised to synchronise the converter to the grid in (9), which regulates the VSI.
VL‘
w =0+ L Ks(S) ©)
V4

In (9), (K& (s) is Set the PCC voltage (Vcq) to zero and produce synchronisation by using an ANFIS controller
in the PLL structure. The dissociating of reactive and active power is a key benefit of vector control.
management. lcd can be used to control the VSI's active power injection (Pvsi) but not its reactive power
injection (Rpi). (Qvsi) is totally reliant on Icq, as illustrated in (10) (11).

Pusi = Real {1.57, 1799} = 1.5V,leq (10)

c

Qpsi = Iamginary{l.SﬁC lw”]“gate} = 1.5V.qleq (11)

Cc

I11LANFIS CONTROLLER

Neuro-fuzzy adaptive inference system is the abbreviation for ANFIS. It is a combination of fuzzy logic and
neural network. Many inputs are passed via the neural network, depending on the inputs. The performance and
inputs of the neural network are used to train it. After training the neural network, the performance is
incorporated to the fuzzy logic. Fuzzy logic generates the rules (IF and THEN) and membership functions (MF).
The ANFIS architecture is shown in the figure.4 below.

2] Anfis Madel Structure - o EEM
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Fig. 3. ANFIS architecture
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Fig.4 Schematic of the proposed ANFIS
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A There will be an inaccuracy in the Neurofuzzy controller when comparing the dc-link reference voltage to
the actual DC-link voltage. (§ = Vdc*-Vdc), A similar mistake will likewise affect the precondition and the
subsequent parameters. The active current (id*") component of the dc-link voltage controller is utilized to
compute the active current injected into RES (iRen).

Layer 1: This is when things start to become fuzzy. In this layer, each input variable's membership degree is
determined. Error (e) and error change (e) are the ANFIS input variables. trapezoidal and triangle registration
capabilities are used to decrease measurement error as illustrated in Figure 5.as explained below the node criteria
are,

0f = pai(@) = ——— (12)

Premise parameters are defined as follows: x is the node-i entry; Ai is the linguistic variable connected with it;
and bi, ci is the premise parameter set.

&) (&) #3(&)

Fig. 5 Fuzzy membership functions.

The second layer of the rule is called the "inferior" layer. In this layer, each node is a fixed node whose input is
multiplied and the result is sent out. Using a fuzzy rule, the amount of energy used by each node is represented
by its firing strength.

0f =y = p(u@y) =123 (13)

Layer 3: The normalising layer is what it sounds like. An N-labeled circular node represents each node in a
layer. The i-th node calculates the ratio of the rules' firing force to the total firing force.

3 _ 777 = Hi P
0; = u; P i=123 (14)

Layer 4: It's the final product. Functionality and adaptable mode is available on all nodes.
0} = fi =n(al +ale) i =1,2,3 (15)
The resulting parameter set where the output of Layer 3 is wi (a0, al).

Layer 5: As the name implies, here is where the data is sent out to the outside world. In this layer, there is just
one node, which is the sum of all the input signals, and it is labelled as.

0 =w=Ymfi i=123 (16)
Errors in the back propagation of the ANFIS parameters are corrected.
OF
ﬁ=k1.e+k2.Ae (17)
The k1 and k2 coefficients are multiplied to get the error (e) and the change in error (e).
OF
Ag+1 = A — naTck (18)

When a certain ANFIS parameter is used, the study rate is. The mistake will be included into the following round
of training
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IV. SIMULATION RESULTS
The below figure .6 indicates the MATLAB/SIMULINK circuit diagram of the solar-wind co-generation system.

Solar Generafor

I Sutsystem

Rde
G|
Lde G
VSR SIDE controller
VSI SIDE controller
a la

Wind Gererafor VSR 1 VsI Rg Lz converter sidel Grid

Fig. 6 MATLAB/SIMULINK circuit diagram of the wind-solar cogeneration system

RESULTS WITH PI CONTROLLER

Cogeneration of wind and sun energy is investigated under a variety of meteorological conditions. After two,
four, and six seconds, the speed of wind increases from 8.4 to 10.8 metres per second, then decreases to 7.2
metres per second before rising again to 12 metres per second (a). t = 3, 5, and 6 s, correspondingly, the solar
irradiance level decreases from one to one with the wind speed changes. The MPPTw and MPPTSs in Figures 2
and 3 are used to derive the ideal r and V dc. Figs. 7d and (e), respectively, illustrate the generated wind power
and solar power as well as the injected currents into the utility grid as a result of the well-damped performance
of r and Vdc 7(f). At night, when irradiation levels are low, a PV generator produces zero (or minimum) power.
Figure 8(a) shows the dc-link voltage dropping to 0.858p.u. at t = 2.0 s when the PV power generation drops to
zero, and then rising to 1.0p.u. at t = 3.0 s. Figures 8(b) and (c) show wind energy and solar energy, as well as
the ac current pumped into the electric grid (c).

According to Fig. 9, at times of t = 2 and 3 seconds, the controller is employed to reduce the r value from 1 psu
to 0. (a). This correlates to a dramatic decrease in wind speed from 0 to 1 p.u. as indicated in Fig. 9. (b). It is
possible to keep a system stable in a challenging operating environment.

With 1.0 p.u. of wind power generation and solar power generation, the system's performance is shown in Figure
10. Figure 10 illustrates the point. Since then, the grid's ac current injection has been stabilised, although the dc-
link voltage has risen.

When a single-phase-to-ground (1PG) failure occurs, the system behaves as shown in Figure 10. Figure 8's 3PG
faults clearly have a detrimental influence on system performance, but the 1PG fault has no effect. According
to Fig. 11, the dc-link response of the protected system is significantly more damped when compared to that of
the unprotected case.
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(a) Speed of wind & solar irradiance (b) Speed of PMSG

(c) Voltage at the DC link (d) Power at wind

]
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Fig.8 Only the wind generator's performance
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Fig.9 Only the PV generator's performance
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(a)Voltage at the DC-link (b) Current at the grid

Fig.10 With deployed fault protection schemes, a response to a 3PG failure occurs in the wind and solar power
generation system when the time step is t = 4 seconds and the cycle time step is 4.

| \ M

(a) Voltage at the DC-link (b) Voltage at the DC-link

Fig. 11 1PG fault at 4:40s, response time of 4 cycles, and 1 P.U. no fault-protection solutions for wind and solar
power

RESULTS WITH PROPOSED ANFIS CONTROLLER

Figures 12 and 13 show the combined performance of wind generator and solar generator, whereas figures 14
and 15 show the PV generator's individual performance. Fig. 15 shows the system's performance under 1.0 p.u.
wind power generation and solar power generation using the ANFIS controller, when the preceding fault
precautions are implemented. Compared to the current PI controller, the dc-link voltage has decreased while the
injected ac currents to the grid have remained more stable.

For further research, in Fig. 16, the system's performance under the 1PG fault conditions is examined. Protected
in Figure 16, however, the controller's reaction to the DC-link is noticeably smoother than that shown in the
preceding controller.
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(a) Power at wind (d)Power at the PV
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(b) Voltage at the DC-link (e) Current at the grid

(c) Voltage at the PCC
Fig. 12. Wind and solar power generators Performance
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Fig.14. Only the PV generator's performance (a) Voltage at the DC-link (b) Generated powers of the wind and
solar (c) Grid injected current

Copyrights @Kalahari Journals Vol. 7 No. 5 (May, 2022)
International Journal of Mechanical Engineering
1695



(a)Voltage at the DC-link (b) Current at the grid

Fig. 15. With deployed fault protection schemes, a response to a 3PG failure occurs in the wind and solar
power generation system when the time step is t = 4 seconds and the cycle time step is 4.

(a)Voltage at the DC-link

Fig. 16. 1PG fault at 4:40s, response time of 4 cycles, and 1 P.U. fault-protection solutions for wind and solar
power

CONCLUSION

This research investigates a smart grid based on ANFIS control that is effective at improving power quality. In
order to maximise wind power extraction, the voltage source rectifier on the wind generator side is accountable.
When it comes to the utility grid, the VSI's primary function is to maximum amount of power extraction from
the PV generator, maintain the constant PCC voltage, and balance the input and o/p power across the DC-link
capacitor. Network fault tolerance is reduced, and power quality is improved, using the ANFIS control-based
technique proposed.
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