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ABSTRACT

There is potential to feed excess electricity to the grid for more efficient and cost-effective power
utilization when solar PV arrays are installed widely in comparison to other renewable power output. The
primary objective of this article is to use a multilevel inverter to operate autonomously regulate the active
and reactive power flow. A vector control system that rotates synchronously with the grid frequency has
been devised in both direct and quadrature reference frames. Two current control loops have been
implemented to control the current delivered to the grid so that it will has low total harmonic distortion
and is in phase with the grid voltage. To run the inverter at a suitable DC link voltage which corresponds
to maximum power-which is established by the MPPT algorithm, a DC voltage control loop has also been
implemented. Inverters that are connected to the grid are commonly utilized to enhance dispersed
generation and power eminence.
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1. Introduction

There are possibilities to feed excess electricity to the grid for more efficient and cost-effective power
consumption when solar PV arrays are installed widely as compared to other renewable power generating
[1]. The self-regulation of the actual and reactive power flow of a single-stage grid-connected photovoltaic
arrangement with a multilevel inverter is presented in this study. A vector control system that rotates
synchronously with the grid frequency has been devised in both direct and quadrature reference frames.
In order ensure that the current injected into the grid is in phase with the grid voltage and has negligible
total harmonic distortion, two current control loops, one for the d-axis and one for the g-axis, have been
implemented. In addition, a DC voltage control loop has been built to operate the inverter at the intended
DC bus voltage, which is the DC voltage that corresponds to maximum power and is established by the
MPPT algorithm. Grid coupled inverters are widely used in various fields of power quality and distributed
generation. The system mentioned previously takes advantage of a three-phase, three-level, Diode
clamped multilevel inverter to increase the current pushed into the grid. It is essential that you guarantee
that, in every application, the switching frequency ripple introduced into the grid by the grid-associated
inverter stays within the parameters given by the grid standards. Furthermore, frequent grid disruptions
such voltage swells and sags are anticipated for the grid-connected inverter [2, 3]. Grid-connected
inverters are projected to have excellent control performance since this ensures that it will operate
throughout these disturbances and Neural-Network-Based MPPT Control of a Stand-Alone Hybrid Power
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Generation System [4,18]. Additionally, grid-connected inverters' involvement in high power applications
has limited their power handling capacities to a few megawatts today. The input DC bus voltage should
be fixed at the maximum power point voltage (MPPV), which is the voltage at which the maximum real
power is delivered from the PV source to the load, to obtain the desired inverter output voltage.
Consequently, the dc link voltage has been managed using a voltage control.
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Fig. 1: Block diagram of single stage grid connected PV Array

To determine the MPPV, incremental conductance has been employed. For grid-connected PV systems,
single-stage setups provide an integrated explanation of all the functions, including MPPT, inversion, and
boosting (if required).

2. Control Scheme

In grid connected system there are several parameters that need to be controlled, among them fore most
important are grid frequency and grid voltage. Also, in 3phase system, it requires separate control for all
the three phases. This will result in a less effective and complex system. To ensure that the voltage space
vector always stays constant regarding the d-q reference frame, it is therefore always preferable to carry
out all control mechanisms in the two-phase DC frame [6, 7]. Therefore, a single, straightforward DC
control system can solve the complexity issue of three-phase control.

2.1 Maximum Power Point Tracking

MPPT techniques are used in PV systems to take advantage of the output power of the PV array by
continuously monitoring the MPPT, which is dependent on the temperature of the panel and on irradiation
conditions [8, 9, 19, 20, 21]. We have tracked the MPPT of this PV array using the incremental
conductance approach, one of many different tracking techniques. The PV array in the model below
includes 29 series modules per string. At a temperature of 25 degrees Celsius and an irradiation of 1000
W/m2, each module's MPP voltage is 29 V [10,11].
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Fig. 2: MATLAB simulation graph of MPPT

3. PLL-based grid synchronization

The Phase Locked Loop (PLL) is employed to match the input phase with the local signal phase. The
Phase Locked Loop is used to synchronize the output of the grid linked converter associated with the grid
in a three-phase grid setup. PLL gives information on the grid voltage's frequency, phase, and amplitude.
Grid-coupled power converters require PLL for closed-loop control and monitoring [11]. The Phase
Locked Loop generates unit vectors that are utilized to generate reference signals for the closed loop
rotating reference frame regulation of grid allied inverters.
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Fig.3: Schematic representation of PLL block
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Fig. 4: Negative Feedback Current Control Loop
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3.1 Current control

To achieve optimal power output and desired power quality, the grid current must be regulated. Figure 4
shows the graphic depiction of the current regulator loop. We have two current control loops because the
d-q reference frame has two components for grid current: Id, which is responsible for reactive power
transfer, and Qq, which is responsible for real power transfer.

I ' \ Current | G | Rl

Controller

Fig.5: Negative feedback Current control loop

Reactive component must be zero for the converter to operate effectively at zero power factor angle, which
means that the grid current injected is at unity power factor with respect to grid voltage. PI-controllers are
provided with the error for both the direct and quadrature axes when the reference values of Id and Iq,
which are produced by the MPPT block, are compared with the feedback variables [12]. Current controller
transfers function Ge(s) from the current regulation loop can be written as follows:
Ge(s)=[{G/(1+Rs)}/{(1+sTs)}] (1)
Where G is the gain of inverter model, G = V4¢/V¢
Where, Vg is the DC bus voltage and V. is peak amplitude voltage of the carrier wave, Ts is the delay
time, Ts is the inductor time-constant, where Rs and Ls is its resistance and inductance, C is the input
capacitance and K is the sensor gain. The current regulator parameters Kp and Ki can be obtained by
comparing equation (1) with the PI controller transfer function i.e., Ki/s + K,.
3.2 DC voltage Control
In accordance to regulate the DC bus voltage at MPP voltage, this voltage regulation loop allotted. To
maintain the DC voltage at a constant value, the error between the reference DC bus voltage that is the
tracked MPPV, and the feedback DC bus voltage is delivered via a PI-type compensator. The outcome of
the compensator maintains the reference for active component of current that is the quadrature axis current.
The implementation of the regulation scheme for the system, the inverter should be mathematically
modelled.
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Fig.6: Negative feedback Voltage control loop
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From the above control loop, the voltage controller parameter can be found. Let Gy(s) is voltage controller
transfer function. Thus, it is,

Gu(s)=G(s)(k/sC) (2)
The PI-controller parameters that are Kp and Ki (proportional and integral constant) for the voltage control
loop can be obtained from the current control loop and the input capacitance along with the sensor [13]
gain as shown in equation (2).
33 Modelling of Grid Connected VSI
For a 3-phase grid connected inverter, the single-phase diagram is shown below,

| R 1 . |

Fig. 7: 3-phase Grid Connecter Inverter

V=Vi+iRs+Lsdi/dt 3)
Let, Vo-Vi=D
Where, Vg=Viga, Vgb, Ve
Vi= Via, Vip, Vic
i=igt it ic
di/dt= diw/dt, dip/dt, dic/dt
di/dt=(D/Ls)-iRs/Ls
Now, current equation of d-q reference frame in terms of a-Preference frame considering 6=90+t,

1i=1pCosot - 1,Sinmt ()]
ig=- (ipSinwt+iCoswt) (5)
Differentiating equations (4) and (5) and substituting dis/dt and dipp/dt from equation (1), we get,
Dig/dt=(Da/Ls)-ia (R¢/Ls)t+mig (6)
Dig/dt=(Dd/Ls)-ia (Ry/Ls)+miq (7)
Vei=VigtLs(diq/dt)+Rsig-0Lsig (8)

Veq=VigtLs(dig/dt)+Rsid+mLsiq
€))
For reactive power component to be zero i.e., Vg¢=0, hence from Equation (8), we get the Equation (10)
as below:
ViatLs(dig/dt)+Rs ig-0Lsig=0 (10)

Thus, for d-q axis component of voltage has cross coupling with each other. So, in mandate to have
independent regulation of real and reactive power components. We must add a feed forward block which
cancels out the effect of cross coupling [14].

Viee=Goig (11)

Vgee=G(V-0Ls 14 (12)
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The equation of real and reactive power transmitted in direct and quadrature reference frame after
implementing this decoupled power flow control is given as below:
The real power,
P=2(Vqidt+ Vqiq)/3
Or, P=0.67Vqiq (13)
The reactive power,
Q=2(V4iqtVqia)/3
Or, Q=0 (14)
3-phase grid connected inverter of a vector control scheme is presented in Figure 7. The different blocks
are used for control calculations in d-q reference frame. Again, these variables are transformed in a-b-c-
reference frame after performing all calculations and feed it to PWM block for the three-level inverter
switches. The complete system from PV array to grid can be modelled as shown below [15, 16 17].

PWNM -
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Fig.8: Control Scheme from PV to Grid

3.4 Simulation Results and Discussions
The results obtained by the simulation have been presented for different parameters from Fig. 8 to Fig. 11
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Fig. 8 (a) Grid voltage (b) Grid current at ig,ref =-5, id,ret=0, Vac=300V
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Fig.10: (a) Active power (b) Reactive power at ig,ref. =-5, id,ret=0 and Vic=300V
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Fig. 11. THD analysis of grid current at iq,rer,=-5, ia,rer=0 and Vac=300V

4. CONCLUSION

The use of MATLAB/Simulink, the suggested control system connected to a three-phase, three-level diode
clamped inverter has demonstrated the effectiveness of the applied vector control approach for the
decoupling management of real-life and the reactive power flow strategy from inverter end to grid end.
Throughout, the DC bus's input voltage is fixed at 300V. Ten kHz is the switching frequency, and each
phase is filtered by a 30mH inductance. The simulated data above makes it rather evident that the
deliberate controller is achieving satisfactory outcomes. Grid currents rotate synchronously while
maintaining references generated for current control loops, considering the feedback of the reference
frame. With a DC-link voltage of 300V for active power transfer to the grid at iq, ref=-5 and id, ref=0 is
achieved. By establishing appropriate references for the real and reactive current regulation loops in the
synchronously rotating reference frame with zero power factor angle, autonomous control of both real and
reactive power may be achieved. THD analysis of the grid current is shown in Figure 4.11, and the results
are satisfactory. All these simulated results verify the effectiveness of the proposed regulating strategy. As
aresult, the feedback grid currents in the reference frame spinning synchronously keeping to the references
established for the current control loops. Using, a DC link voltage of 300V for active power transfer to the
grid at iq, ref=-5 and id, ref=0. By setting the appropriate references for the real and reactive current
regulation loops in the synchronously rotating reference frame with zero power factor angle allows for the
autonomous control of both real and reactive power. Figure 4.11 displays the grid current's THD analysis,
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which gives acceptable findings. The performance of the suggested regulating technique is validated by
all these simulated results.
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