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ABSTRACT 

During last decade, solar photovoltaic (PV) power generation has become a focus area of 

research and development as it is ecofriendly, renewable and available in large quantity. 

Because of availability of the PV energy everywhere, it is possible to use it in both isolated and 

grid connected systems. In this thesis work, the various system configurations for single stage 

high power grid tied PV power generating systems based on two level, multilevel (diode 

clamped, flying capacitor, binary and ternary cascaded) and multipulse converters, are 

investigated in detail. The design, control and implementation of various system configurations 

of PV power generating systems are carried out and their performance are evaluated under 

varying solar insolation levels.  

This research work focuses on investigations of grid tied PV power generating systems such as 

two level VSC (Voltage Source Converter) based PV-DSTATCOM (Distribution Static 

Compensator), multilevel VSC based PV-STATCOM (Static Compensator) and other 

multilevel converters. In PV-DSTATCOM system, two level converter is utilized to do 

multiple functions in three modes. In mode 1, it transfers active power to the grid and connected 

loads while mitigating the power quality issues in the distribution network. In mode 2, it 

transfers only active power to the grid at unity power factor while in mode 3, it does only power 

quality mitigations. In PV-STATCOM system, it transfers large power at high voltage to the 

three phase AC grid with STATCOM capabilities thereby increasing the transmission 

transferring capability. For PV-STATCOM system working in three modes, five and seven 

level converters are utilized to integrate the PV arrays with the grid at low switching frequency 

with STATCOM capabilities. In both systems, the VSCs are fully utilized to their full capacity 

in the proposed system for 24 hours. To improve the efficiency of the system, a single stage 

topology is adopted over double stage topology in the PV grid tied systems. 
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However, to transfer large power from a PV array to the three phase grid at high voltage, 

multilevel and multipulse VSCs are viable solution as losses in the VSC, are decreased due to 

low switching frequency. The various configurations (binary cascaded 31 level converter, 

ternary cascaded 9 and 27 level converters, 12 and 18 pulse converter) of the PV system 

operating at FFS (Fundamental Frequency Switching) are investigated. Due to FFS, the 

switching losses of the converters are reduced, thereby, increasing overall efficacy of the 

system, which results in reduction of unit cost of electricity. The binary and ternary cascaded 

converters operating at FFS and single stage topology, offers advantages viz. high number of 

voltage levels, less number of switching devices, low THD, low switching losses, ease of 

operation at high voltages that leads to the improvement in power quality of the system. All 

these converter based grid tied power generating systems are simulated in MATLAB and the 

responses are verified through experimental results achieved on the developed prototype in the 

laboratory, to demonstrate the system performance under varying conditions. The major focus 

of this research work, is investigations of high power converter based PV grid tied system, for 

active power transfer to the grid as well as mitigating power quality (PQ) issues, while 

satisfying the IEEE standards. 
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अब्स्ट र्क्ट 

 

दूर िंग ला् डिकेि ,सोल  फोटोवोल्टाइक (पीवी) पाव  जन ेशन हैस डिकम ऐ फोकस एर या ऑफ़ 

र सर्च एिं ि िेवलपमेंट एस इट इस इकोफ्रैं िली,र नू्यएिल एिं ि अवेलेिल इन लाजच क्ािंडटट .डिकॉज़ ऑफ़ 

अवेलेडिडलटी ऑफ़ दा  पीवी एनजी  एव ीवे्ह ,इट इस  पॉडसिल  तू यूज आईटी  इन  िोथ आइसोलेटेि  

एिं ि डिि कनेके्टि  डस्म्स. इन डथस थीडसस वकच ,दा वेर यस डस्म कॉन्फ़फ़ग ेशिंस फॉ  डसिंगल ्ेज  

हाई  पाव   डिि  टाईि  पीवी पाव   जन ेडटिंग  डस्म्स  िेस्ि आन  तू  लेवल, मल्टीलेवल  (िायोि  

क्लामे्पद , फ्लाइिंग  कपैडसट , िाइन ी  एिं ि  टे न ी  कासे्किेि) एिं ि मल्टीपल्स कन्वटचसच, आ  

इिंवे्ीगेटेि इन डिटेल. दा  डिज़ाइन, कण्ट्र ोल  एिं ि  इम्प्लीमेंटेशन ऑफ़ वेर यस  डस्म  कॉन्फ़फ़ग ेशिंस  

ऑफ़  पीवी पाव   जन ेडटिंग  डस्म्स  आ  कर चएद  आउट  एिं ि  थेइ   प फॉ मेंस  आ  एवलुएटेि 

अिंि  वै ीइिंग सोल  इनु्सलेशन लेवल्स. 

डथस  र सर्च  वकच   फॉके्सस  आन  इिंवे्ीगेशिंस ऑफ़  डिि  टाईि  पीवी पाव   जन ेडटिंग  डस्म्स  सर्  

एस  ट्व  लेवल  वीएससी (वोले्टज  सोसच  कनवटच ) िेस्ि  पीवी-डि्ॉटकॉम (डि र् ीबू्यशन  स्थैडतक  

कमे्पने्सट ), मल्टीलेवल  वीएससी िेस्ि पीवी-डि्ॉटकॉम  एिं ि  अद  मल्टीलेवल  कन्वटचसच. इन  पीवी-

डि्ॉटकॉम डस्म, ट्व  लेवल  कनवटच   इस  युटीलीज़ेि  तू  िॉ  मल्टील  फिं क्शन्स  इन  थ्री  मोि्स. 

इन  मोि 1, इट  टर ान्सफ  एन्क्टव  पाव   तू  दा डिि  एिं ि  कनेके्टि  लोि्स  व्हाइल डमडटगेडटिंग  दा  

पाव   क्ाडलटी  इशू्यज  इन दा  डि र् ीबू्यशन  नेटवकच . इन  मोि 2, इट  टर ािंसफसच  ओनली  एन्क्टव  पाव   

तू दा डिि येत  यूडनटी  पाव   फैक्ट   व्हाइल इन  मोि  3, इट  िस  ओनली  पाव   क्ाडलटी  डमडटगेशिंस. 

इन  पीवी-डि्ॉटकॉम डस्म, इट  टर ािंसफसच  लाजच  पाव   अत  हाई  वोले्टज  तू  दा  थ्री  फेज  ऐसी  

डिि  डवथ  ्ॉटकॉम कैपेडिडलटीज  देये िाई  इफ़रेअडसिंग  दा  टर ािंसडमशन  टर ािंसफर िंग  कपाडिडलटी. 

फॉ   पीवी-डि्ॉटकॉम डस्म  वडकिं ग  इन  थ्री  मोि्स, फाइव एिं ि सेवन  लेवल कन्वटचसच  आ  

युटीलीज़ेि  तू  इिंटेिटे  िा पीवी ए े डवथ  दा  डिि  येत  लो  स्वीडर्िंग फेके्न्सी  डवथ  ्ॉटकॉम 

कैपेडिडलटीज. इन  िोथ  डस्म्स, दा  वीएससीस आ   फुल्ली  युटीलीज़ेि  तू  थेइ   फुल  कैपेडसटी  इन  

दा  प्रोपोसि  डस्म  फॉ   24 हॉसच. तू इम्प्रोव दा  एडफडशएिं सी  ऑफ़ दा  डस्म , अ डसिंगल  ्ेज  

टोपोलॉजी  इस  अिॉपे्टि  ओव   ििल  ्ेज  टोपोलॉजी  इन  दा  पीवी डिि  टाईि  डस्म्स. 

हाउएव , तू  टर ान्सफ   लाजच  पाव   फ्रॉम  अ  पीवी  ऐ े  तू  दा  थ्री  फेज  डिि  येत  हाई  वोले्टज, 

मल्टीलेवल  एिं ि  मल्टीपल्स वीएसीस आ   वाइएिल सलूशन  एस  लॉसेस  इन  दा  वीएसी, आ   डिरीज़ि  

दू  तू  लो  स्वीडर्िंग  फ्रीक्ें सी. दा  वेर यस  कॉन्फ़फ़ग ेशिंस  (िाइन ी  कासे्किेि  31 लेवल  कनवटच , 

टे न ी  कासे्किेि  9 एिं ि  27 लेवल  कन्वटचसच, 12 एिं ि  18 पल्स कनवटच ) ऑफ़ दा  पीवी  डस्म  



viii 

 

ऑप ेडटिंग  अत  फफस (फिं िामेंटल  फ्रीक्ें सी  न्स्वर्न) आ   इिंवे्ीगेटेि. िुए  तू  फफस, दा  स्वीडर्िंग  

लॉसेस  ऑफ़  दा कन्वटचसच  आ    ेिूसेि , देये िाई , इफ़रेअडसिंग  ओव आल  एन्िकेसी ऑफ़  दा 

डस्म, न्व्हर्  र जल््टस  इन  र िक्शन  ऑफ़  यूडनट  कॉ्  ऑफ़  इलेन्क्टर डसटी. दा िाइन ी  एिं ि  टे न ी  

कासे्किेि  कन्वटचसच  ऑप ेडटिंग  येत फफस एिं ि  डसिंगल  ्ेज  टोपोलॉजी, ऑफसच  अिवािंटागेस  डवज. 

हाई  निंि   ऑफ़  वोले्टज  लेवल्स, लेस्स  निंि   ऑफ़  स्वीडर्िंग  डिवाइसेस, लो  टीयार्िी, लो  स्वीडर्िंग  

लॉसेस, ईज ऑफ़  ऑप ेशन  अत  हाई  वोलटागेस  तहत  लीिस्  तू  दा इमू्प्रवमेंट  इन  पाव   क्ाडलटी  

ऑफ़  दा डस्म. आल  दीज कनवटच   िेस्ि  डिि  टाईि  पाव   जन ेडटिंग  डस्म्स  आ  डसमुलेटेि  

इन  मैटलैि एिं ि  दा  ेस्पॉने्सस  आ  वेर डफ़एि  थू्र  एक्सपेर मेंटल  र जल््टस  अर्ीवेद  ओन दा िेवलप्ि  

प्रोटोटाइप  इन  दा लेिो ेट ी, तू  िेमोि्ं र े टे  दा डस्म  प फॉ मेंस  अिंि   वा डयिंग  किं िीशिंस. दा  मेज   

फोकस  ऑफ़  डथस  र सर्च  वकच , इस  इिंवे्ीगेशिंस ऑफ़  हाई  पाव   कनवटच   िेस्ि  पीवी डिि  टाईि  

डस्म, फॉ   एन्क्टव  पाव   टर ान्सफ   तू  दा डिि  एस  वेल  एस  डमडटगेडटिंग  पाव   क्ाडलटी  (डपक्ी) 

इशू्यज, व्हाइल सडटस्फीइिंग  दा  आई डटरप्पल इ  ै्ंिि्चस. 
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converter based PV grid tied system  (a) isa and (b) VCab at 1000 W/m2 

Fig. 6.19 Steady state response of proposed symmetrical cascaded seven-level 

converter based PV-STATCOM system in Mode 1 at 1000 W/m2 solar 

irradiance 

Fig. 6.20 Dynamic response of PV currents of symmetrical cascaded seven-level 

converter based PV-STATCOM system at varying irradiance 

Fig. 6.21 Dynamic response of PV voltages of symmetrical cascaded seven-level 

converter based PV-STATCOM system at varying irradiance 

Fig. 6.22 Dynamic response of PV powers of symmetrical cascaded seven-level 

converter based PV-STATCOM system at varying irradiance 

Fig. 6.23 Dynamic response of symmetrical cascaded seven-level converter based PV-

STATCOM system at varying irradiance 

Fig. 6.24 Dynamic response of PV power of proposed system under unbalance power 

generation from the PV at varying solar insolation at 0.5 s 

Fig. 6.25 Dynamic response of system under unbalance power generation from the PV 

at varying solar insolation at 0.5 s 

Fig. 6.26 Performance of the symmetrical cascaded seven-level converter based PV-

STATCOM system in Mode-2 at 1000 W/m2 irradiance level  

Fig. 6.27 Performance of the symmetrical cascaded seven-level converter based PV-

STATCOM system in Mode-3 at zero solar irradence level 
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STATCOM system (a) isa and (b) vCab at 1000 W/m2 

Fig. 6.29 Harmonic spectrum of symmetrical cascaded seven-level converter based PV-

STATCOM system (a) isa and (b) vCab at 400 W/m2 

Fig. 6.30 Harmonic spectrum of isa of symmetrical cascaded seven-level converter 

based PV-STATCOM system in Mode-2 at zero reactive power reference 

Fig. 6.31 Harmonic spectrum of isa of symmetrical cascaded seven-level converter 

based PV-STATCOM system in Mode-2 at positive reactive power reference 

Fig. 6.32 Harmonic spectrum of isa of symmetrical cascaded seven-level converter 

based PV-STATCOM system in Mode-2 at negative reactive power reference 

Fig. 6.33 Harmonic spectrum of isa of symmetrical cascaded seven-level converter 

based PV-STATCOM system in Mode-3 at negative reactive power reference 

Fig. 6.34 Harmonic spectrum of isa of symmetrical cascaded seven-level converter 

based PV-STATCOM system in Mode-3 at negative reactive power reference 

Fig. 6.35 Steady state response of proposed PV-STATCOM HIL system in Mode 1 at 

1000 W/m2 solar insolation (a) vsa, isa, isb, isc (b) Vdc, vCa, vCb, vCc. 

Fig. 6.36   Dynamic response of proposed HIL system under unbalance power 

generation at varying solar insolation of all nine PV array from 400 W/m2 to 

1000 W/m2 at different times (a) vsa, isa, vCa, Vdc, (b) Ppv, P, Q*, Q (c) Vpv1, 

Ipv1, Ipv2, Ipv3 (d) Ipv4, Ipv5, Ipv6  (e) Ipv7, Ipv8, Ipv9 

Fig. 6.37 Performance of the PV-STATCOM HIL system in Mode-2 at 1000 W/m2 

irradiance level  and Q* = 40 kVAR (a) vsa, isa, vCa, Vdc, (b) Ppv, P, Q*, Q 

Fig. 6.38 Performance of the PV-STATCOM HIL system in Mode-2 at 1000 W/m2 

irradiance level  and Q* = -40 kVAR (a) vsa, isa, vCa, Vdc, (b) Ppv, P, Q*, Q 

Fig. 6.39 Performance of the PV-STATCOM HIL system in Mode-3 at Ppv = 0 (a) vsa, 

isa, vCa, Vdc at Q* = 40 kVAR (b) vsa, isa, vCa, Vdc at Q* = -40 kVAR  

Fig. 7.1 Schematic diagram of binary cascaded seven-level VSC based grid tied 

multiple source PV system 

Fig. 7.2 Schematic diagram of binary cascaded seven level based grid tied single 

source PV system 

Fig. 7.3 Schematic diagram of binary cascaded 31-level VSC based grid tied multiple 

source PV system 
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Fig. 7.4 Switching diagram of Switching diagram of binary cascaded seven-level 
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Fig. 7.5 Control algorithm for proposed asymmetric cascaded seven-level VSC based 
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Fig. 7.6 Switching diagram of Switching diagram of binary cascaded seven-level 

converter 

Fig. 7.7 Control algorithm for proposed single source PV system using seven-level 

VSC 

Fig. 7.8 Logic for step generation using level shifted IPD PWM technique for ternary 

cascaded 31-level VSC based PV grid tied system 

Fig. 7.9 Control algorithm for proposed asymmetric cascaded thirty one-level VSC 

based PV system 

Fig. 7.10  (a-c) MATLAB model of binary cascaded seven-level converter based grid 

tied solar power generating system 

Fig. 7.11  (a-c) MATLAB model of single source binary cascaded seven-level 

converter based grid tied PV generating system  

Fig. 7.12  (a-c) MATLAB model of binary cascaded thirty one-level converter based 

grid tied PV system 

Fig. 7.13 Schematic of HIL for proposed binary seven-level converter based PV system 

Fig. 7.14 Steady state performance of proposed system at solar irradiance 1000 W/m2 

Fig. 7.15  (a-b) Dynamic performance of binary cascaded seven-level converter based 

PV grid tied system at varying solar insolation (600 to 1000 W/m2 at 0.8 s) 

Fig. 7.16 Waveforms and harmonic spectra of binary cascaded seven-level converter 

based PV grid tied system (a) VSC line current and (b) VSC line voltage at 

600 W/m2 solar irradiance 

Fig. 7.17 Waveforms and harmonic spectra of binary cascaded seven-level converter 

based PV grid tied system (a) VSC line current and (b) VSC line voltage at 

1000 W/m2 solar irradiance 

Fig. 7.18 Steady state performance of binary cascaded seven-level converter based 

single source PV grid tied system at 1000 W/m2 solar insolation 

Fig. 7.19 Dynamic performance of binary cascaded seven-level converter based single 

source PV grid tied system at varying solar insolation (500 to 1000 W/m2 at 1 
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voltage at 500 W/m2 solar irradiance 

Fig. 7.21 Waveforms and harmonic spectra of binary cascaded seven-level converter 

based single source PV grid tied system (a) line current and (b) VSC line 

voltage at 1000 W/m2 solar irradiance 

Fig. 7.22  (a-d) Steady state performance of binary cascaded H-bridge 31-level VSC 

based PV grid tied system at 1000 W/m2 irradiance level 

Fig. 7.23  (a-b) Steady state performance of internal signals of the proposed control 

algorithm for binary cascaded H-bridge 31-level VSC based PV grid tied 

system at 1000 W/m2 irradiance level 

Fig. 7.24  (a-d) Dynamic performance of binary cascaded H-bridge 31-level VSC based 

PV grid tied system under varying irradiance level 

Fig. 7.25 (a-b) Dynamic performance of internal signals of the proposed control 

algorithm for binary cascaded H-bridge 31-level VSC based PV grid tied 

system under varying irradiance level 

Fig. 7.26 Waveforms and harmonic spectra of binary cascaded H-bridge 31-level VSC 

based PV grid tied system (a) VSC line voltage (b) line current and at 1000 

W/m2 solar irradiance 

Fig. 7.27 Steady State response of HIL system (a) vsa, vsb, vsc, Vdc1, (b) isa, isb, isc, Vdc2,  

(c) vCa, vCb, vCc, Ipv1 (d) Ppv, P, Q*, Q 

Fig. 7.28 Performance of binary cascaded 7-level based multiple source PV grid tied 

system on changing the irradiance level from 600 to 1000 W /m2
 (a) vsa, vsb, 

vsc, Vdc1 (b) isa, isb, isc, Vdc2 (c) vCab, vCbc, vCca, Ipv1 (d) P, Q, Ppv 

Fig. 7.29 Response of intermediate signals of the control algorithm of binary cascaded 

7-level based multiple source PV grid tied system on changing the isolation 

level from 600 to 1000 W /m2
 (a) Ipv, Iloss, I*

d, Id (b) I*
q, Iq, dVq (c) Vd, dVd, 

V*
d, V*

q (d) m, v*
sa, v*

sb, v*
sc 

Fig. 8.1 Schematic diagram of proposed ternary cascaded nine-level based PV grid 

tied system 

Fig. 8.2 Schematic diagram of multiple source 27-level cascaded VSC based PV grid 

tied system 
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source PV grid tied power generating system 

Fig. 8.8 IC based MPPT Control 

Fig. 8.9 Control scheme for ternary 27-level cascaded H-bridge VSC based single 

source PV grid tied system 

Fig. 8.10  (a-b) MATLAB model of ternary cascaded nine-level VSC based grid tied 

PV power generating system.   

Fig. 8.11  (a-c) MATLAB model of ternary cascaded 27-level converter based grid tied 

multiple source PV system.   

Fig. 8.12  (a-c) MATLAB model of ternary cascaded 27-level converter based grid tied 

single source PV system.   
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Fig. 8.14 Steady state performance of proposed PV grid tied system based on ternary 9 
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Fig. 8.15  (a, b) Dynamic performance of proposed PV grid tied system based on 

ternary 9-level converter at varying solar insolation (600 to 1000 W/m2 at 0.8 

s) 

Fig. 8.16  (a-b) Dynamic performance of internal signals of the control algorithm for 
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Fig. 8.20 Waveforms and the harmonic spectra of ternary cascaded 27-level VSC based 
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Fig. 8.21 Waveforms and the harmonic spectra of ternary cascaded 27-level VSC based 
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Fig. 8.23 Dynamic state responses of 27-level ternary cascaded VSC based single 

source PV grid tied system on changing solar insolation from 500 W/m2 to 

1000 W/m2 at 0.4 s 

Fig. 8.24 Harmonic analysis of ternary cascaded 27-level VSC based single source PV 

grid tied system (a) isa (A) and (b) VCa (V) at 500 W/m2 solar irradiance 

Fig. 8.25 Harmonic analysis of ternary cascaded 27-level VSC based single source PV 

grid tied system (a) isa (A) and (b) VCa (V) at 1000 W/m2 solar irradiance 

Fig. 8.26 Steady state response of ternary cascaded 9-level VSC based PV grid tied 

system on HIL platform (a) isa, vsa, vsb, vsc, (b) vsa, isa, isb, isc  (c) vCa, vCb, vCc 

(d) Ppv, P, Q 

Fig. 8.27 Performance of ternary cascaded 9-level VSC based PV grid tied system on 

HIL platform subject to varying irradiance level from 600 to 1000 W /m2
 (a) 

vsa, vsb, vsc, Vdc1 (b) Ipv1, Ipv2 Vpv1 Vpv2 (c) isa, vCa, vCb, vCc, (d) Ppv, P, Q 

Fig. 8.28 Fig. 8.28 Response of intermediate signals of the controller subject to varying 

isolation level from 600 to 1000 W /m2 (a) Id, I*
d, Vd, V*d, (b) I*

q, Iq, dVq (c) 

Vd, dVd, V*d, V*
q (d) m, v*

sa, v*
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sc  

Fig. 9.1 Proposed configuration for 12-pulse VSC based PV grid integrated power 

generating system 

Fig. 9.2 Configuration of two-level double bridge 18-pulse VSC based PV grid 

interfaced power generating system 

Fig. 9.3  (a) Control algorithm for the proposed 12-pulse converter based grid tied PV 

system and (b) SSI-PLL 

Fig. 9.4 Control algorithm for proposed 18-pulse converter based PV grid tied 

system 

Fig. 9.5 Block diagram of robust synchronizing PLL                               
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Fig. 9.6  (a-c) MATLAB modeling for two-level 12-pulse converter based grid tied 

solar power generating system.   

Fig. 9.7 (a-c) MATLAB model of two-level 18-pulse converter based grid tied PV 

power generating system.   

Fig. 9.8  (a-b) Steady state responses of the proposed 12-pulse converter based grid 

tied PV system 

Fig. 9.9  (a-b) Dynamic performance of proposed 12-pulse converter based grid tied 

PV system  

Fig. 9.10  (a-b) Waveform and harmonic spectra of 12-pulse converter based grid tied 

PV system (a) grid current and (b) converter voltage at primary terminal of 

transformer 

Fig. 9.11  (a-b) Steady state response of proposed 18-pulse converter based grid tied 

PV system at solar irradiance 1000 W/m2 

Fig. 9.12  (a-b) Dynamic performance of proposed 18-pulse converter based grid tied 

PV system 

Fig. 9.13 Current controller internal signals of the proposed 12-pulse converter based 

grid tied PV system 

Fig. 9.14 Waveform and harmonic spectra of 18-pulse converter based grid tied PV 

system (a) grid current and (b) converter voltage at primary terminal of 

transformer 

 

 

 

 

 

 

 

 

 

 

 

 



xxix 

 

LIST OF TABLES 

Table 3.1 Details of PV array model 

Table 4.1 Comparison of grid  voltage THD and grid current THD AT 900 Hz and 6.5 

mH 

Table 4.2 Comparison of grid  voltage THD and grid current THD AT 1800 Hz and 6.5 

mH 

Table 4.3 Comparison of grid  voltage THD and grid current THD AT 1800 Hz and 4.9 

mH 

Table 5.1 

 

Comparison of VSC line voltage THD and grid current THD at different 

insolation of flying capacitor three-level based PV grid tied system 

Table 5.2 Comparison of VSC line voltage THD and grid current THD at different 

insolation of flying capacitor three-level based PV grid tied system 

Table 5.3 

 

Comparison of VSC line voltage THD and grid current THD at different 

insolation of flying capacitor three-level based PV grid tied system 

Table 6.1 Switching states for five-level symmetrical cascaded VSC 

Table 6.2 Switching states for symmetrical cascaded 7-level cascaded converter
 

Table 6.3 

 

Variations of grid line current, VSC line voltage THD and power factor with 

irradiance at fSW 
= 900 Hz of symmetrical cascaded five-level converter based 

PV grid tied 

Table 6.4 

 

Variations of grid line current, VSC line voltage THD and power factor with 

irradiance AT fSW 
=  1800 Hz of symmetrical cascaded five-level converter 

based PV grid tied 

Table 7.1 Switching state of seven-level asymmetric cascaded H-bridge inverter 

Table 7.2 Design of PV arrays for 31-level cascaded VSC based PV system 

Table 7.3 

 

Variations of VSC line voltage THD, supply line current THD and power 

factor with solar insolations of binary cascaded seven-level converter based 

PV grid tied system 

Table 7.4 

 

Variations of VSC line voltage THD, supply line current THD and power 

factor with solar insolations of binary cascaded seven-level converter based 

single source PV grid tied system 

Table 7.5 

 

Variations of VSC line voltage THD, supply line current THD and power 

factor with solar insolations of binary cascaded H-bridge 31-level VSC based 

PV grid tied system 



xxx 

 

Table 8.1 Design of PV arrays for 9-level ternary cascaded VSC based PV system 

Table 8.2 SHE angles for different modulation index 

Table 8.3 Design of PV arrays for 27-level cascaded VSC based multiple source PV 

system 

Table 8.4 

 

Variations of VSC line voltage THD, supply line current THD and power 

factor with solar insolations of ternary cascaded 9-level VSC based PV grid 

tied system 

Table 8.5 Variations of vca THD, isa THD and power factor with varying PV irradiances 

of ternary cascaded 27-level VSC based PV grid tied system 

Table 8.6 

 

Variations of VCa THD, isa THD and power factor at varying solar irradiance 

levels of ternary cascaded 27-level VSC based single source PV grid tied 

system 

Table 9.1 

 

Variations of VSC line voltage THD, supply line current THD and power 

factor with solar insolations of 18-pulse converter based PV grid tied system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxxi 

 

LIST OF ABBREVATIONS 

PV Solar photovoltaic 

VSC  Voltage source converter 

IEEE  Institute of Electrical and Electronics Engineers 

IEC  International Electrotechnical Commission 

MPPT  Maximum power point tracking 

PLL Phase locked loop 

DSTATCOM Distribution static compensator 

STATCOM STATic COMpensator 

THD Total harmonic distortion 

MATLAB Matrix laboratory 

HIL Hardware in-loop 

PWM Pulse width modulation 

PCC Point of common coupling 

IC Incremental conductance 

P&O Perturb and observe 

MPP Maximum power point 

DVR Dynamic voltage restorers 

UPQC Unified power quality conditioners 

LMF Least mean fourth 

EPLL Enhanced phase locked loop 

CTF Current triangle function 

NPC Neutral-point-clamped 

RZA Adaptive reweighted zero-attracting 

IGBT Insulated gate bipolar transistor 

DSP Digital signal processor 

DAC Digital to analog converter 

ADC Analog  to digital converter 

PI Proportional integral 

RMS  Root mean square 

LPF Low pass filter 

SRF Synchronous reference frame 

DDSRF Decoupled double synchronous reference frame 



xxxii 

 

kVAR  Kilo volt amperes reactive 

KVA Kilo volt amperes 

kW Kilo watts 

PD Phase deposition 

SHE Selective harmonic elimination 

FFS Fundamental switching frequency 

SSI-PLL  Sinusoidal signal integrator-phase locked loop 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxxiii 

 

LIST OF SYMBOLS 

vsab, vsbc, vsca Grid Line voltages  

vsa, vsb,  vsc Phase voltages 

isa, isb, isc Grid line currents 

Ns Number of PV modules connected in series 

Np Number of PV modules connected in parallel 

Vdc DC link voltage  

m Modulation index 

Vmp Voltage of one module at maximum power point 

Imp Current of one module at maximum power point 

Ppv PV array power  

Vpv PV array voltage  

Ipv PV array current 

Vripple Ripple in DC link voltage 

Li Interfacing inductor 

∆i Current ripple 

fsw Switching frequency of VSC 

Rf , C f Ripple filter 

Vt Amplitude of terminal voltage 

upa, upb and upc In-phase unit templates 

uqa, uqb and uqc Quadrature unit templates 

wcq Reactive loss component 

Kpt and Kit Proportional and integral gain constants of AC voltage controller 

Vde DC voltage error 

Vdcref Reference DC bus voltage  

Vdc Sensed DC voltage  

Cdc DC link capacitor voltage  

Kpd and Kpd Proportional and integral constant of DC link voltage controller 

Iff PV feed-forward term 

Iloss AC loss component 

iLa, iLb, iLc Three phase load currents 

epa Error in the active load current component 

eqa Error in the reactive load current component 



xxxiv 

 

wsp Total weight of active component of reference grid currents 

isa
*, isb

*, isc
* Three phase reference grid currents 

Ts Sampling time 

icnva, icnvb, icnvc VSC currents 

G Insolations level 

P Grid active power 

Q Grid reactive power 

f Grid frequency 

Id
* Reference direct axis current component 

Id Direct axis current component 

Iq
* Reference quadrature axis current component 

Iq Quadrature axis current component 

Vd
* Reference direct axis voltage component 

Vd Direct axis voltage component 

Vq
* Reference quadrature axis voltage component 

Vq Quadrature axis voltage component 

vsa
*, vsb

* and vsc
* Reference phase voltages  

Vthd THD in the grid voltages  

Ithd Grid current THD 

  

  

  

  

  

  

  

 

 


	2012EEZ8371 IKHLAQ HUSSAIN.pdf
	0 Front Cover.pdf
	3 CoPYRIGHT
	3 Cover
	4 Certificatedocx2
	5 Thesis-finaldoc3




