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Abstract: Switching losses in a grid connected Photovoltaic system are mitigated through the adaption of a Dynamic Voltage
Restorer (DVR) as described in this paper. Generally the issue of symmetrical and asymmetrical grid faults coupled with voltage
swell and sags are the common areas of concern in the operation of the grid. Renewable energy source, as a standby is
considered, to cater to the losses. As the system of PV generation has the multi stage rectifiers and the maximum power point
tracking, these help in registering the improvement in overall functionality of the grid. With the charging of dc link capacitor
through load side shunt rectifier, the problems of maintaining rated voltage at DVR, inability to supply active power through PV
plant, is addressed there by ensuring continuity in supply. A six port converter for integrating onsite PV generation and the DVR
eliminates individual inverters for each of PV system and DVR resulting in reduced switching losses, with better utilization. The
proposed configured system will prove to be useful for power load canters up to medium capacity with considerable onsite
generation through PV system. Keywords: Bidirectional Power Flow, Distributed Power Generation, Photovoltaic System, Power
Quiality, Voltage Control.
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I. INTRODUCTION

Environmental pollution concerns have shifted the focus of the world towards alternate energy sources, especially of renewable
nature like Photo Voltaic and wind Energy. The dc generation of a PV source requires an inversion to ac for suitability to be coupled
to a grid. The volt-ampere rating of the inverter is based on the rating of the solar panels and to determine as such is tricky, as the
generation is intermittent and the utilization factor of the associated equipment like DVVR would be less, typically between 20% to
40 %. In the proposed configuration, the inverters at PV side and DVR side are amalgamated to reduce the switch count by about
25% thereby overcoming the operational difficulties as mentioned above and thus could be useful for low to medium load centres
with greater proportion of generation through onsite PV source.

Table | Different modes of operation — proposed PV-DVR scheme. Fig 1 Fig 1 Since the volt-ampere rating of the PV system
governs the rating of associated six port converter and DVR, any deficit by the source voltage in catering to the load, can be fulfilled
by the renewable energy source, in our case a PV source. Appropriate sized filters are employed to mitigate the harmonics at the
point of coupling for smoother conversion of DC-AC. For deeper sag, with current requirements exceeding the ratings of the
switches, the capacitor is sized based on the following Equ. (1).

TABLE I.
Integrated PVV-DVR System Configuration: Different Modes Of Operation
Py Switch status Six-port convenier operation
Mode | Grid condition
slitus Always | : i o 4
o | PWM PV-VSI DVR-VSI
Healthy | Active Idle
Adtive : | §-5
S il I U I M I Y (P =0)
Fault | ldle Active
2 . i §-5 §;-% "
Adtive Voeepu @ 0 ' | (Pruvss = 0) (PQuvrvst = PQuoan)
i . Sag | Active Active
3 Acti . - Nome | §-5
il L I (Prvs >0) | (Plowavs < Puown)
4 | Inactive | Anyofthe above 3 None §-5 I P;:L::‘( 0) Active
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Fig2. Proposed combined PV and DVR system configuration.
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Il. OPERATING PRINCIPLE FOR SIX PULSE CONVERTER

Three switches share the PV and DVR — VSI, of the six port converter as given in Fig 2. The four feasible connections on the same
leg , of the two output ports are : 1) outputs connected to +V dc (for phase- a: S 1 -ON, S 4 -ON, and S 7 -OFF); 2) outputs to 0 V
(for phase-a: S 1 -OFF, S 4 -ON, and S 7 -ON); 3) left port to +V dc and right port to 0 V (for phase-a: S1-ON, S 4 -OFF, and S 7 -
ON) and 4) left port to 0 V and right port to +V dc (for phase-a: S 1 -ON, S 4 -ON, and S 7 -ON). However the 4th connection is
omitted as this will result in direct short circuit of the dc link. Comparing the reference signals with common carrier, the gate pulses
are generated for achieving modulation and their positioning left over right is based on the third harmonic injection method. The
limitation of case 4 above causing a short circuit is avoided by indulging in the either of the two types of operation, i.e. 1) Equal
frequency operation (as in Fig 3 a) or 2) Variable frequency operation (as in Fig 3 b ) FIG 3 PV-VSI injects active power into the
grid during Normal Mode (1) while DVR-VSI is idle with unity modulation index for PV-VSI other being zero , as in Fig 3(c). In
Mode (3) the PV-VSI injects active power as in Mode (1), but at a reduced modulation index, because of reduction in PCC voltage
due to sag, resulting in DVR-VSI to attain higher modulation index as in Fig. 3(d). The DVR-VSI reference and in PV-VSI
reference are inversely related and hence the crossover does not happen.
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Thus, the proposed configuration naturally overcomes the limitation of reference crossover. This process and procedure is to
generate nine gate pluses is discussed below : Formula With the designations as a) Vpy-anc and V., are the PV-VSI and DVR-VSI
reference signals as determined by the respective control blocks (as detailed in Section 1V), b) mpv , wpv , and ¢pv are the
modulation ratio, angular frequency, and phase angle of the PV-VSI , ¢) mdvr , wdvr , and ¢dvr are the corresponding values for
DVR-VSI, respectively.

V=M Cos( @t +6 )

Vo =M Cos( 0 ~120°+ ¢ )

Ve = M Cos( @t =240+, ) @
V i x = Mav COS( ot + B )

Vary = Maw €08 gt ~120°+ d, )

\Y :;vr—z = Mavr COS(O!)dvrt - 2400 + ¢dvr) (3)

The offsets references as modified are determined from (2) and (3) (2) (3) The 120 deg. discontinuous offset reference signals are
given by Mpy.apc and Mgy, When fed to PWM comparators give two sets of six gating signals respectively .Where in Mc is the
amplitude of the carrier signal. The six port converter has the middle row switches, which are shared, has the gating pulses
generated by logical OR of the PWM signals corresponding to Gpv4 — 6 and Gdvr1-3. The nine gating signals are therefore obtained
in Eqgn. (8).

V,=1- [Max (V *pvfabc)}

M pv—abc =V,+V ;v—abc 4)
Vv m>= _1_|:Min (V ;vr—xyz):|
M dvr—xyz =V, +V :;vr—xyz ®)
Gp3=G pv4—6{1’ if M pv-abc > M ¢
0, if M pv—abc <M c (6)
G- = GaraslLifM dwr—xyz > M ¢
0, if M dvr—xyz <M c (7)
Gnus=G pvl-3
Gn7-9=Gawra-s
Gnase =G pas+ Gavri-s 8)
11I.LOVERALL CONTROL SYSTEM

Control of PV-VSI The reactive and active power of PV-VSI in the synchronous frame of reference is expressed as (9) Using the
voltage oriented control [5], the reference frame d-axis and positive sequence PCC voltage, are aligned i.e., Vg =V, Therefore, igoy
giving a direct measure of PV power, and expressed as: (10) With gy, as obtained from MPPT , the limitation of reference cross
over is over come and the procedure for generation of nine gate pulses is now discussed: The sum of modulation reference not
exceeding unity[8] , the reference signals are expressed as in fig 7(b) with the VVF operation requiring doubling of dc link voltage
preventing reference cross over.

P=15%[V gig+V qig]
Q=15*V 4ig—V giq] )

*

. 2
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Fig5. Integration of PV and DVR system. Fig6. 9-pulse with PV

The transmission losses due to various conditions are to be mitigated by the use of a DVR. Fig.4. The above model with six gate is
upgraded to nine pulse bridge rectifier which is detailed hereafter as 9 pulse grid integrated PV — 9 pulse inverter model. Fig 5 Fig. 6
Table 11 and Table I11

TABLE Il TABLE I

System Parameters Input and Output Values of Voltage
il L. SNo | Type Input Qutput | THD
Grid voltage (L-L) (rms) Vi 735V Y
Line frequency 50 Hz ;
Nominal PV power (Base kVA) 10kVA ]. w1th0|.lt ]. OOV 5 UV 048%
Nominal load power 10kVA
Nominal load power factor 0.8 lagging DVR
DC link voltage 700 V ! 0
DC link capacitance 3000 pF 2 Wlth 1 OOV 1 OOV 04 ]' A]
Maximum shunt current, (L, ) 20A DVR
Series transformer rating/tum ratio 10KVA/ 121
Filter inductor L; and capacitance S mH and 80 yF 3 g-pu]_se 500]{2 400V 400]{} 300V 009%
Grid impedance 2. 0540050
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IV.RESULTS
Fig 7 Fig 8 Fig 9 Fig 10 Fig 11 Fig 12 Fig 13 Fig 14 Fig 15 Fig 16 Fig 17 From fig 7, fig 8 and fig 9 show the input , output wave

forms with and without DVR, whereas the fig 10 shows the FFT analysis for the same. Fig 11 and Fig 12 gives us the voltage levels
of the system with DVR, fig 13 and fig 14 are the results of simulation with DVR, fig 15 with FFT analysis with DVR and fig 16
shows the active and reactive power. From the results it is observed that voltage profile of the grid after implementing DVR is
improved.

Fig7. Input voltage without DVR Fig8. Output voltage without DVR
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Fig9. Output waveforms without DVR Fig10. THD Analysis for the system without DVR

" FigLL. Input Voltage with DVR Fig 12. Output with DVR system
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Fig13. Operation of system during health grid mode Figl14. Output waveforms with DVR system.
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Figl5. THD Analysis for the system with DVR Fig 16. Active and Reactive power with DVR

V. CONCLUSION
In this paper, a conventional grid connected PV system with self-supported DVR is implemented with 9 pulse inverter mode. It is

presented to enhance the functionalities of existing PV and DVR against grid faults. The proposed configuration can operate in
different modes based on the grid condition and it reduces the basic operation of 12 pulse mode of operation into 9 pulse PV power
generation mode to facilitate the enhanced THD analysis. The comprehensive simulation study and experimental validation
demonstrate the effectiveness of the proposed configuration and its practical feasibility to perform under different operating
conditions.
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