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ABSTRACT 

Water pumps in irrigation sector as well as domestic and industrial sectors have been benefitted 

by the introduction of renewable source based power production. An induction motor is quite 

popular for PV fed water pumping because of its robustness, ruggedness ease of operation and its 

capability to work in hazardous environment. Scalar control has long been in use for speed control 

as it requires no sensor. However, its unstable operation and unfavorable sustained oscillation in 

lower speed range is the matter of concern. Therefore, in this work, mechanical sensorless control 

of an induction motor drive is investigated with fast speed control and better stability. Moreover, 

some issues related to its low efficiency is solved by optimizing the motor flux and minimizing 

the total loss in partial loading condition. The system is made simplified and cost-effective by 

reducing the number of voltage and current sensors and all parameters are estimated through DC 

link voltage and DC link current. The system possesses a maximum power point tracking (MPPT) 

of the PV array by introducing a DC-DC boost converter between the PV array and a VSI, feeding 

the motor. The work is extended towards an elimination of DC-DC converter and a single stage 

PV array fed induction motor drive is also investigated for water pumping. 

The recurrence in PV power generation leads to an unreliable water pumping in a PV based 

pumping system. This problem is aggravated when there is a bad climatic condition. In all these 

conditions, the system is underutilized as the pump is not operated at its full capacity and sometime 

leads to complete shutdown. This problem is resolved by an external power backup in the form of 

a battery storage with a bidirectional buck-boost converter, in a PV-pumping system. In addition 

to it, an attempt is made for integrating unidirectional and bidirectional converters to the utility 

grid. The bidirectional power flow control based topology offers an additional merit of feeding 

power to the utility grid by the installed PV array, in case the water pumping is not required. The 
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prime attention is to achieve an uninterrupted and full volume of water delivery irrespective of the 

operating conditions, whether day or night. These proposed techniques with PV array provide a 

practical solution for electricity generation and an economic liberty for the consumer through sale 

of electricity. 

All these proposed configurations are modeled and simulated in MATLAB/Simulink 

environment by using Simpower system toolbox to study the performance during various 

environmental conditions realized by change in insolation and the operability of the system is 

justified during starting, dynamic and steady state conditions. Simulated results are verified 

through test results obtained from hardware implementation using a developed prototype in the 

laboratory. The applicability and commercial potential of proposed systems are justified by their 

in depth analysis based on efficiency, cost, simplicity and performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

साराांश 

नवीकरणीय स्रोत आधाररत बिजली उत्पादन की शरुुआत से बसांचाई क्षेत्र के साथ-साथ घरेल ूऔर औद्योबिक क्षेत्रों में पानी के पांपों 

को फायदा हुआ ह।ै सौर ऊजाा आधाररत पांबपांि के बलए एक इांडक्शन मोटर काफी लोकबिय ह ैक्योंबक इसकी मजितूी, सांचालन में 

उत्कृष्टता और खतरनाक वातावरण में काम करन ेकी क्षमता अबितीय ह ै। िबत बनयांत्रण के बलए स्केलर बनयांत्रण लांिे समय से उपयोि 

में ह ैक्योंबक इसमें सेंसर की आवश्यकता नहीं होती ह।ै हालाांबक, कम िबत सीमा में इसका अबस्थर सांचालन और िबतकूल बनरांतर 

दोलन बचांता का बवषय ह।ै इसबलए, इस काया में तेज़ मोटर बनयांत्रण और िेहतर बस्थरता के साथ एक इांडक्शन मोटर ड्राइव के याांबत्रक 

सेंसरलेस बनयांत्रण की जाांच की जाती ह।ै इसके अलावा, इसकी कम दक्षता से जडेु कुछ मदु्दों को मोटर फ्लक्स के अनकूुलन और 

आांबशक लोबडांि बस्थबत में कुल नकुसान को कम करके हल बकया जाता ह।ै वोल्टेज और करांट सेंसर की सांख्या को कम करके 

बसस्टम को सरल और लाित िभावी िनाया जाता ह ैऔर डीसी बलांक वोल्टेज और डीसी बलांक करांट के माध्यम से सभी मापदांडों 

का अनमुान लिाया जाता ह।ै बसस्टम में सौर ऊजाा पैनल और वी एस आई के िीच डीसी- डीसी िसू्टर कनवटार को बनयोबजत करके 

सौर ऊजाा पैनल का अबधकतम पावर प्वाइांट टै्रबकां ि होता ह।ै शोध काया को डीसी-डीसी कनवटार के उन्मलून की बदशा में आि ेिढाया 

िया ह ैऔर एक एकल चरण सौर ऊजाा पैनल िारा सांचाबलत इांडक्शन मोटर ड्राइव को पानी के पांबपांि के बलए भी परीक्षण बकया िया ह।ै 

सौर ऊजाा उत्पादन में रुकावट एक सौर ऊजाा आधाररत पांबपांि बसस्टम में एक अबवश्वास को स्पांबदत करता ह ै। खराि जलवाय ुकी 

बस्थबत होन ेपर यह समस्या िढ जाती ह।ै इन सभी बस्थबतयों में पांप अपनी पणूा क्षमता पर सांचाबलत नहीं होता ह ैऔर कभी-कभी 

परूी तरह से िांद हो जाता ह।ै इस समस्या को एक सौर ऊजाा आधाररत पांबपांि िणाली में एक बिबदश िक-िसू्ट कनवटार के साथ िैटरी 

के रूप में बिजली िैकअप िारा हल बकया जाता ह।ै इसके अबतररक्त, बिड में एकल बदशात्मक और बिबदश कन्वटासा को एकीकृत 

करन ेका ियास बकया जाता ह।ै बिबदशीय बवद्यतु िवाह बनयांत्रण आधाररत टोपोलॉजी स्थाबपत सौर ऊजाा पैनल िारा बिड को बिजली 

िदान करन ेका एक अबतररक्त िणु िदान करता ह,ै अिर पानी पांप करन ेकी आवश्यकता नहीं ह।ै मखु्य ध्यान बदवस की परवाह बकए 

बिना, चाह ेबदन हो या रात, जल बवतरण की एक बनिााध और पणूा मात्रा िाप्त करना ह।ै सौर ऊजाा पैनल के साथ ये िस्ताबवत तकनीक 



 
 

 

 

बिजली उत्पादन के बलए एक व्यावहाररक समाधान और बिजली की बिक्री के माध्यम से उपभोक्ता के बलए आबथाक स्वतांत्रता िदान 

करती ह।ै 

इन सभी िस्ताबवत बवन्यासों को मैटलैि / बसमबुलांक पररवेश में मॉडल और बसम्यलेुट बकया िया ह,ै जो बवबकरण में पररवतान 

िारा महससू की िई बवबभन्न पयाावरणीय बस्थबतयों के दौरान िदशान का अध्ययन करन ेके बलए बसमपावर बसस्टम टूलिॉक्स का 

उपयोि करता ह ैऔर बसस्टम का सञ्चालन आरम्भ, िबतशील और बस्थर राज्य बस्थबतयों के दौरान उबचत बसद्ध करता ह ै। ियोिशाला 

में एक बवकबसत िोटोटाइप का उपयोि करके हाडावेयर कायाान्वयन से िाप्त परीक्षण पररणामों के माध्यम से बसम्यलेुटेड पररणाम 

सत्याबपत बकए जाते हैं। दक्षता, लाित, सादिी और िदशान के आधार पर िहन बवशे्लषण में िस्ताबवत िणाबलयों की ियोज्यता और 

व्यावसाबयक क्षमता उनके िारा उबचत ह।ै 
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Fig. 9.18 

(a-c) 

Harmonic spectrum (a) grid voltage vg and grid current ig at 200 W/m2 insolation 

(b) grid power drawn by the motor-pump system (c) grid current THD 

Fig. 9.19 

(a-b) 

Starting Performance of the system fed by PV array at rated insolation of 1000 

W/m2 (a) PV-grid indices (b) IMD indices 

Fig. 9.20 

(a-b) 

Starting Performance of the system fed by Vienna rectifier controlled three-

phase grid (a) PV-grid indices (b) IMD indices 
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Fig. 9.21 

(a-b) 

Dynamic response of (a) PV array-grid indices (b) induction motor drive, when 

insolation is increased from 1000 W/m2 to 200 W/m2 

Fig. 9.22 

(a-b) 

Dynamic response of (a) PV array-grid indices (b) induction motor drive, when 

insolation is increased from 200 W/m2 to 1000 W/m2 

Fig. 9.23 Simulated result of capacitor voltage balancing during insolation change 

Fig. 9.24 

(a-b) 

Tracking efficiency at different insolation level (1000 W/m2) (b) 500 W/m2 

Fig. 9.25 

(a-d) 

Starting response of the system operated by (a) PV array alone (b) three-phase 

motor currents in steady state (c) steady state response of the system when 

operated by three-phase utility grid (d) three-phase grid currents at rated 

condition 

Fig. 9.26 Capacitor voltage balancing during starting 

Fig. 9.27 

(a-b) 

Dynamic response of PV-grid connected system (a) insolation decreased from 

1000 W/m2 to 0 W/m2 (b) grid feeding motor-pump as insolation dropped to 

zero 

 Fig. 9.28 Harmonic spectrum of per phase grid voltage and grid current at rated condition 

Fig. 10.1 Block diagram of two stage PV-grid based system 

Fig. 10.2 Block diagram of two stage PV-three-phase grid based system 

Fig. 10.3 Speed estimation with ANN based rotor flux-based MRAS 

Fig. 10.4 

(a-d) 

Block diagram (a) proposed SOGI (b) selection of integrator variables Ksv and 

Kdc (c) PLL based unit vector template generation (d) PLL based switching pulse 

generation for three-phase VSC control 

Fig. 10.5 

(a-c) 

Simulink model of proposed system (a) overall system (b) single-phase grid and 

(c) bidirectional power flow control 

Fig. 10.6 

(a-c) 

Simulink model of proposed system (a) overall system (b) three-phase grid (c) 

bidirectional power flow control 

Fig. 10.7 

(a-b) 

Hardware implementation (a) control block diagram (b) hardware setup 

Fig. 10.8 Control block diagram of proposed system 

Fig. 10.9 

(a-b) 

Starting response for solar PV array fed system (a) PV array and utility grid (b) 

IMD 

Fig. 10.10 

(a-b) 

Starting response of system operated by utility grid (a) PV array and utility grid 

indices (b) IMD indices 

Fig. 10.11 

(a-b) 

Step decrement in insolation (1000-300) W/m2 (a) PV array and utility grid 

indices (b) IMD indices 

Fig. 10.12 

(a-b) 

Condition pertaining changeover from grid feeding pump to PV array feeding 

grid (a) PV array and utility grid indices (b) IMD indices 

Fig. 10.13 

(a-b) 

MPPT efficiency curve of PV array (a) 1000 W/m2 (b) 500 W/m2 
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Fig. 10.14 

(a-b) 

Performance of the IMD (a) starting (b) steady state 

Fig. 10.15 Steady state performance of the system fed by utility grid only 

Fig. 10.16 

(a-b) 

System behavior operated by PV array-grid system during insolation change (a) 

(1000-500-1000) W/m2 (b) (1000-0-1000) W/m2 

Fig. 10.17 

(a-d) 

Total harmonic distortion and power factor of utility current (ig) when (a-b) the 

water pump fed by utility grid alone (c-d) PV array feeds power to grid when 

speed is reduced 

Fig. 10.18 

(a-b) 

Starting response for solar PV array fed three-phase grid connected system (a) 

PV array and utility grid (b) IMD 

Fig. 10.19 

(a-b) 

Starting response of grid and PV for three-phase grid fed system 

Fig. 10.20 

(a-b) 

Transient response of (a) PV array and utility grid (b) IMD, when irradiance 

changes from (1000-200) W/m2 

Fig. 10.21 

(a-b) 

Transient response of (a) PV array and utility grid (b) IMD, when irradiance 

changes from (200-1000) W/m2 

Fig. 10.22 

(a-b) 

Tracking performance curve (a) 1000 W/m2 and (b) 500 W/m2 

Fig. 10.23 

(a-b) 

System response at 1000 W/m2 (a) starting (b) steady state 

Fig. 10.24 System response (a) operated by three-phase grid at rated condition and (b) 

waveform of three-phase grid currents at rated speed of the drive 

Fig. 10.25 

(a-b) 

System response with both the sources at: (a) (1000-500) W/m2 and (b) (500-

1000) W/m2 

Fig. 10.26 Power quality performance when (a-b) three-phase grid operated IMD and (c-

d) PV array operated grid 

Fig. 11.1 Block diagram: single stage PV-grid based system 

Fig. 11.2 Block diagram: single stage PV-three-phase grid based system 

Fig. 11.3 

(a-b) 

Block diagram (a) PLL based unit vector template generation (b) PLL based 

switching pulse generation for three-phase VSC control 

Fig. 11.4 Control diagram of PV array feeding grid 

Fig. 11.5 

(a-c) 

Simulink model of proposed system (a) overall system (b) single-phase grid (c) 

bidirectional power flow control 

Fig. 11.6 

(a-c) 

Simulink model of proposed system (a) overall system (b) three-phase grid (c) 

bidirectional power flow control 

Fig. 11.7 Control block diagram of single-phase grid integrated system 

Fig. 11.8 Control block diagram of proposed three-phase grid system 

Fig. 11.9 

(a-b) 

Starting response for solar PV array fed system (a) IMD (b) PV array and utility 

grid 
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Fig. 11.10 

(a-b) 

Starting response of system operated by utility grid (a) IMD indices (b) PV array 

and utility grid indices 

Fig. 11.11 

(a-b) 

Step decrement in insolation (1000-500) W/m2 (a) IMD indices (b) PV array 

and utility grid indices 

Fig. 11.12 

(a-b) 

Step increment in insolation (500-1000) W/m2 (a) IMD indices (b) PV array and 

utility grid indices 

Fig. 11.13 

(a-b) 

Tracking performance curve: (a) 1000 W/m2 (b) 500 W/m2 

Fig. 11.14 

(a-b) 

Dynamic performances of the integrated system (a) (500-1000) W/m2 (b) (1000-

500) W/m2 

Fig. 11.15 

 

System performance operated by the grid at rated condition 

Fig. 11.16 

(a-b) 

Dynamic performance during speed change with both the sources together: (a) 

(150-100) rad/s (b) (50-100) rad/s 

Fig. 11.17 

(a-d) 

Total harmonic distortion and power factor of utility current (ig) when (a-b) the 

water pump fed by utility grid alone (c-d) PV array feeds power to grid when 

speed is reduced 

Fig. 11.18 

(a-b) 

Starting response for solar PV array fed system (a) PV array and utility grid and 

(b) IMD 

Fig. 11.19 

(a-b) 

Starting response for three-phase grid fed system (a) PV array and utility grid 

and (b) IMD 

Fig. 11.20 

(a-b) 

Step decrement in insolation (1000-500) W/m2 (a) IMD indices (b) PV array 

and utility grid indices 

Fig. 11.21 

(a-b) 

Tracking performance curve: (a) 1000 W/m2 (b) 300 W/m2 

Fig. 11.22 

(a-b) 

System performance in steady state when solar power is not available (a) IMD 

indices (b) grid currents 

Fig. 11.23 

(a-b) 

Experimental results (a) Dynamic performance during speed change from (150-

100) rad/s (b) Dynamic performance during speed change from (100-150) rad/s 

Fig. 11.24 

(a-d) 

Power quality performance when (a-b) three-phase grid operated IMD (c-d) PV 

array operated grid 
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Isca, Isc Short-circuit current (A) of one module and one array 

Vpv, Ipv Solar PV array voltage (V) and current (A) 

Nser, Npar Number of series and parallel modules 

Pmp Solar PV power of one array at MPP 

D Duty ratio 

fs Switching frequency of boost inductor 

Tsw Time period of VSI 

L1 Boost inductor 

∆I1 Ripple allowed in converter current 

VL, IL Boost inductor voltage (V), inductor current (A) 

VD, Vsw Diode voltage, switch voltage in boost converter 

Cdc DC link capacitor 

Vdc, Vdc1 DC link voltage, maximum ripple allowed in DC link voltage 
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a Overloading factor 
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Vp, VL-L Phase voltage, line voltage of induction motor 
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KV and KI Voltage safety factor, current safety factor 
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ds
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*

qsi , qsi  Reference q-axis current (A), actual q-axis current (A) 

*

e
T , 

e
T  Reference developed torque (Nm), estimated developed torque (Nm) 

P Number of poles 

T Signal sampling period 

ia
*, ib
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* Reference motor phase currents (A) 

θe Flux angle 

Tp Pump torque (Nm) 

Idcp, Imr Decoupling component of current (A), magnetizing current component (A) 

Tr Rotor time constant 

Pt Total power loss in induction motor (W) 

Rg Magnetizing resistance (Ω) 

η  Efficiency (%) 

IH(tc), I
L(tc) Instantaneous components of reconstructed current 

iar, ibr, icr Reconstructed motor phase currents 

Dbat Duty ratio of bidirectional buck-boost converter 

batV  Battery voltage 

fsbb Switching frequency of buck-boost converter 

bb
L  Boost inductor of bidirectional buck-boost converter 
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Sbu, Sbl Bidirectional buck-boost converter switches 

L
ω  Fundamental frequency (rad/s) 

Vd Average input voltage of PFC boost converter 

D2 Duty ratio of PFC boost converter 

2sw
f  Switching frequency of PFC boost converter 

L2 PFC boost inductor 
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Rf, Cf Resistance (Ω) and capacitance (µF) of RC filter 

2sw
T  Switching time of PFC boost converter 

Ls Boost inductor for Vienna converter 

fsw-g Switching frequency of Vienna rectifier 

in
V  Average voltage of Vienna rectifier 

C1, C2 DC link capacitances of Vienna rectifier  

vab, vbc, vca Three-phase grid line voltages 

1 1 1, ,
ab bc ca

v v v+ + +  Positive sequence voltages of three-phase grid 

1 1 1, ,
ab bc ca

u u u+ + +
 Unit template of positive sequence voltages of three-phase grid 

Vc1, Vc2 C1 and C2 capacitor voltages  

ig1
*, ig2

*, ig3
* Reference three-phase grid currents 

ig1, ig2, ig3 Three-phase grid currents 

P1, P2, P3 Switching logics of Vienna rectifier 

,
g g

v i  Grid voltage (V), grid current (A) of single-phase utility grid 

Li Interfacing inductor 

fss switching frequency of VSC 

,
d q

e e  Back-EMF in d-q domain 

c
ω  Cut-off frequency 

 
Ksv, Kdc Gains of ISOGI 
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