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ABSTRACT 

This thesis deals with an efficiency optimization method of the induction motor (IM) through the 

variation of the different design parameters. To achieve this goal, the flux in the airgap, in the 

yoke, in the teeth is modified according to an optimal flux table computed off-line for all possible 

operating points. The design of this motor is achieved through a combined approach of design of 

experiments (DOE) with one of the optimization algorithms. The design and parameter constraints 

are function of the geometry of the motor. The proposed optimization method is implemented, and 

optimized motor then tested for the field-oriented control, to show the genericity of the proposed 

approach. The validation is carried on an experimental test bench for six induction motors of 

different power ratings. The results obtained show the reduction of the losses in the motor, thus an 

improvement of the overall efficiency while preserving a satisfactory dynamic behavior. 

Consequently, the optimization of the energy efficiency is validated for the six developed motors 

for different low power applications i.e., fan application, pump application and electric vehicle 

application. In addition to the validation of the simulation results, the proposed approach is 

compared to existing conventional standard motors to assess its improvement. 

The performance of the induction motor is changed by changing its core length, shape of stator 

slots, shape of rotor slots or the diameter of the core, material of the stampings, material of the 

casting i.e., aluminum or copper in the rotor, skew angle, and air gap length. In the variable 

frequency drive, the first two requirement of high starting torque and low starting current are taken 

care by voltage source inverter (VSI). Therefore, this work focuses on the efficiency improvement 

of the motor. In this case, the design and construction of induction motors are based on standard 
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motors with standardized frame sizes and dimensions, however, with modifications for converter 

operation. 

The utilization of solar photovoltaic (PV) energy in water pumping is conservative particularly 

in isolated regions where the transmission of power is either impractical or exorbitant. In this 

research work, various topologies for solar PV array fed water pumping are developed using an 

induction motor drive. A high efficiency induction motor substantially reduces the size of PV array 

and hence its installation cost. Moreover, its high-power factor results in a reduced capacity of the 

used voltage source inverter (VSI). Therefore, in this work, mechanical sensorless control of an 

induction motor drive is investigated with fast speed control and better stability. The motor flux is 

optimized, and the total losses are minimized 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 the sensed 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 a DC-DC converter and a single stage PV array fed induction motor drive is also 

investigated for water pumping. 

A promising case of interruption in the water pumping due to the intermittency of PV power 

generation is resolved by using a single-phase utility grid as an external power backup. A grid 

interacted PV array and its control are demonstrated to get a reliable and fully utilized water 

pumping with an induction motor such that the pumping is not affected by an intermittency of 

solar PV array generation. The power is drawn from the grid in case the PV array is unable to meet 

the required power demand. Both unidirectional and bidirectional power flow controls are 

implemented for a grid interfaced PV array fed induction motor driven water pump. The 
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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. This practice leads 

to a full utilization of installed resources. Moreover, it emerges as a source of earning by sale of 

electricity to the utility. The maximum power point (MPP) operation of a PV array, and power 

quality (PQ) standards such as power factor and total harmonic distortion (THD) of the grid current 

as per IEEE-519 standard, are met by this system. 

A single-phase grid fed fan type load profile system operated by a mechanical sensorless 

induction motor drive suitable to work in complete speed range is developed and a unidirectional 

power flow control for the same is developed and realized through a power factor corrected (PFC) 

boost converter. This research work also aims on the power factor correction in the induction motor 

drive for fan application with the speed control. A power factor corrected (PFC) boost converter 

is utilized for the development of the system. A full speed range of a fan with enhanced power 

quality during normal and abnormal grid voltage conditions is achieved by using this system. The 

system is simulated and analyzed under variable speed and load conditions, during both the normal 

and weak grid, for a fan type load profile. 

Hike in price due to limited and rapidly exhausting oil deposition have forced the 

automobile industry to find economically feasible alternative sources of energy to drive them 

forward. In this context, the use of a battery operated EV’s becomes poignantly significant all over 

the world. Not much effort has been taken to counter this crisis, especially in developing countries 

such as India due to the non-availability of technology and expert knowledge in this domain. This 

research work elaborates the design and development of EV drive motors using die-cast copper 

rotor technology and regulating it with an economic and efficient drive controller. 
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All the proposed configurations are modeled and simulated using MATLAB/Simulink 

platform to demonstrate their performance during starting, dynamics 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. 
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सारांश 

यह थीिसस िविभɄ िडजाइन मापदंडो ंकी िभɄता के माȯम से Ůेरण मोटर (आईएम) की दƗता 

अनुकूलन िविध से संबंिधत है। इस लƙ को Ůाɑ करने के िलए, एयरगैप मŐ Ůवाह, योक मŐ, दांतो ंमŐ सभी 

संभािवत ऑपरेिटंग िबंदुओ ंके िलए ऑफ-लाइन गणना की गई इʼतम Ůवाह तािलका के अनुसार संशोिधत 

िकया जाता है। इस मोटर का िडजाइन अनुकूलन एʎोįरदम मŐ से एक के साथ Ůयोगो ं(डीओई) के िडजाइन 

के संयुƅ ̊िʼकोण के माȯम से Ůाɑ िकया जाता है। िडजाइन और पैरामीटर बाधाएं मोटर की Ǜािमित 

का कायŊ हœ। Ůˑािवत अनुकूलन िविध लागू की जाती है, और Ůˑािवत ̊िʼकोण की सामाɊता िदखाने के 

िलए Ɨेũ-उɉुख िनयंũण के िलए अनुकूिलत मोटर का परीƗण िकया जाता है। सȑापन िविभɄ पावर रेिटंग 

के छह Ůेरण मोटसŊ के िलए एक Ůयोगाȏक परीƗण बŐच पर िकया जाता है। Ůाɑ पįरणाम मोटर मŐ नुकसान 

मŐ कमी िदखाते हœ, इस Ůकार संतोषजनक गितशील ʩवहार को संरिƗत करते Šए समŤ दƗता मŐ सुधार 

होता है। नतीजतन, ऊजाŊ दƗता का अनुकूलन िविभɄ कम िबजली अनुŮयोगो ंयानी, Ůशंसक अनुŮयोग, पंप 

अनुŮयोग और इलेİƃŌ क वाहन अनुŮयोग के िलए छह िवकिसत मोटसŊ के िलए माɊ है। िसमुलेशन पįरणामो ं

के सȑापन के अलावा, Ůˑािवत ̊िʼकोण की तुलना मौजूदा पारंपįरक मानक मोटसŊ से की जाती है तािक 

इसके सुधार का आकलन िकया जा सके। 

Ůेरण मोटर का ŮदशŊन इसकी कोर लंबाई, ːेटर ˠॉट के आकार, रोटर ˠॉट के आकार या कोर 

के ʩास, मुūांकन की सामŤी, काİːंग की सामŤी यानी रोटर मŐ एʞूमीिनयम या तांबा, ितरछा कोण और 

वायु अंतराल लंबाई को बदलकर बदल िदया जाता है। चर आवृिȅ डŌ ाइव मŐ, उǄ शुŜआती टोक़ और कम 

शुŜआती वतŊमान की पहली दो आवʴकताओ ंको वोʐेज ŷोत इɋटŊर (वीएसआई) Ȫारा ȯान रखा जाता 

है। इसिलए, यह काम मोटर की दƗता मŐ सुधार पर कŐ िūत है। इस मामले मŐ, Ůेरण मोटसŊ का िडजाइन और 
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िनमाŊण मानकीकृत ůेम आकार और आयामो ंके साथ मानक मोटसŊ पर आधाįरत है, हालांिक, कनवटŊर 

ऑपरेशन के िलए संशोधनो ंके साथ। 

पानी की पंिपंग मŐ सौर फोटोवोİʐक (पीवी) ऊजाŊ का उपयोग िवशेष ŝप से अलग-थलग Ɨेũो ंमŐ 

ŝिढ़वादी है जहां िबजली का संचरण या तो अʩावहाįरक या अȑिधक है। इस शोध कायŊ मŐ, सौर पीवी 

सरणी İखलाया पानी पंिपंग के िलए िविभɄ टोपोलॉजी एक Ůेरण मोटर डŌ ाइव का उपयोग करके िवकिसत 

की जाती हœ एक उǄ दƗता Ůेरण मोटर पीवी सरणी के आकार को काफी कम कर देता है और इसिलए 

इसकी ̾थापना लागत। इसके अलावा, इसके उǄ शİƅ कारक के पįरणामˢŝप उपयोग िकए गए 

वोʐेज ŷोत इɋटŊर (वीएसआई) की Ɨमता कम हो जाती है। इसिलए, इस काम मŐ, एक Ůेरण मोटर डŌ ाइव 

के यांिũक सŐसररिहत िनयंũण की तेज गित िनयंũण और बेहतर İ̾थरता के साथ जांच की जाती है। मोटर 

Ůवाह अनुकूिलत है, और आंिशक लोिडंग İ̾थित मŐ कुल नुकसान को कम िकया जाता है। वोʐेज और 

वतŊमान सŐसर की संƥा को कम करके िसːम को सरलीकृत और लागत Ůभावी बनाया जाता है और सभी 

मापदंडो ंका अनुमान डीसी िलंक वोʐेज और डीसी िलंक वतŊमान के माȯम से लगाया जाता है। िसːम मŐ 

पीवी सरणी और वीएसआई के बीच डीसी-डीसी बूː कनवटŊर पेश करके पीवी सरणी का अिधकतम पावर 

पॉइंट टŌ ै िकंग (एमपीपीटी) है, जो मोटर को İखलाता है। काम को डीसी-डीसी कनवटŊर के उɉूलन की िदशा 

मŐ बढ़ाया जाता है और पानी पंिपंग के िलए एक एकल चरण पीवी सरणी İखलाया Ůेरण मोटर डŌ ाइव की भी 

जांच की जाती है। 

पीवी िबजली उȋादन की आंतराियकता के कारण पानी पंिपंग मŐ Ŝकावट का एक आशाजनक 

मामला बाहरी िबजली बैकअप के ŝप मŐ एकल-चरण उपयोिगता िŤड का उपयोग करके हल िकया जाता 

है। एक िŤड ने पीवी सरणी और इसके िनयंũण को एक Ůेरण मोटर के साथ एक िवʷसनीय और पूरी तरह 
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से उपयोग िकए जाने वाले पानी के पंिपंग को Ůाɑ करने के िलए ŮदिशŊत िकया जाता है जैसे िक पंिपंग सौर 

पीवी सरणी पीढ़ी की आंतराियकता से Ůभािवत नही ंहोती है। यिद पीवी सरणी आवʴक िबजली की मांग 

को पूरा करने मŐ असमथŊ है तो िबजली िŤड से खीचंी जाती है। यूिनडायरेƕनल और िȪिदश िबजली Ůवाह 

िनयंũण दोनो ंिŤड इंटरफेस पीवी सरणी İखलाया Ůेरण मोटर संचािलत पानी पंप के िलए लागू िकए जाते हœ। 

िȪिदश िबजली Ůवाह िनयंũण-आधाįरत टोपोलॉजी ̾थािपत पीवी सरणी Ȫारा उपयोिगता िŤड को िबजली 

İखलाने की एक अितįरƅ योƶता Ůदान करती है, यिद पानी पंिपंग की आवʴकता नही ंहै। यह अɷास 

̾थािपत संसाधनो ंके पूणŊ उपयोग की ओर जाता है। इसके अलावा, यह उपयोिगता को िबजली की िबŢी 

करके कमाई के ŷोत के ŝप मŐ उभरता है। आईईईई -519 मानक के अनुसार िŤड वतŊमान के पीवी सरणी 

के अिधकतम पावर पॉइंट (एमपीपी) ऑपरेशन, और पावर Ɠािलटी (पीƐू) मानको ंजैसे पावर फैƃर और 

कुल हामŖिनक िवŝपण (टीएचडी) को इस Ůणाली Ȫारा पूरा िकया जाता है। 

पूणŊ गित सीमा मŐ काम करने के िलए उपयुƅ एक यांिũक सŐसरलेस Ůेरण मोटर डŌ ाइव Ȫारा 

संचािलत एक एकल-चरण िŤड İखलाया Ůशंसक Ůकार लोड Ůोफाइल िसːम िवकिसत िकया जाता है 

और उसी के िलए एक यूिनडायरेƕनल पावर ɢो कंटŌ ोल िवकिसत िकया जाता है और पावर फैƃर सही 

(पीएफसी) बूː कनवटŊर के माȯम से महसूस िकया जाता है। इस शोध कायŊ का उȞेʴ गित िनयंũण के 

साथ Ůशंसक अनुŮयोग के िलए Ůेरण मोटर डŌ ाइव मŐ पावर फैƃर सुधार भी है। िसːम के िवकास के िलए 

पावर फैƃर सही (पीएफसी) बूː कनवटŊर का उपयोग िकया जाता है। सामाɊ और असामाɊ िŤड वोʐेज 

İ̾थितयो ंके दौरान बढ़ी Šई िबजली की गुणवȅा के साथ एक Ůशंसक की एक पूणŊ गित सीमा इस Ůणाली 

का उपयोग करके Ůाɑ की जाती है। िसːम को एक Ůशंसक Ůकार लोड Ůोफ़ाइल के िलए सामाɊ और 

कमजोर िŤड दोनो ंके दौरान चर गित और लोड İ̾थितयो ंके तहत अनुकरण और िवʶेषण िकया जाता है। 
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सीिमत और तेजी से ʩय तेल जमाव के कारण कीमतो ंमŐ वृİȠ ने ऑटोमोबाइल उȨोग को उɎŐ 

आगे बढ़ाने के िलए ऊजाŊ के आिथŊक ŝप से ʩवहायŊ वैकİʙक ŷोतो ंको खोजने के िलए मजबूर िकया है। 

इस संदभŊ मŐ, बैटरी संचािलत ईवी का उपयोग दुिनया भर मŐ मािमŊक ŝप से महȕपूणŊ हो जाता है। इस 

संदभŊ मŐ, बैटरी संचािलत ईवी का उपयोग दुिनया भर मŐ मािमŊक ŝप से महȕपूणŊ हो जाता है। इस संकट 

का मुकाबला करने के िलए बŠत अिधक Ůयास नही ंिकए गए हœ, खासकर भारत जैसे िवकासशील देशो ंमŐ 

इस Ɨेũ मŐ ŮौȨोिगकी और िवशेषǒ ǒान की अनुपलɩता के कारण। यह शोध कायŊ डाई-काː कॉपर रोटर 

तकनीक का उपयोग करके ईवी डŌ ाइव मोटसŊ के िडजाइन और िवकास को िवˑृत करता है और इसे 

आिथŊक और कुशल डŌ ाइव िनयंũक के साथ िविनयिमत करता है। 

सभी Ůˑािवत कॉİ̢फ़गरेशन को शुŜआती, गितशीलता और İ̾थर İ̾थित İ̾थितयो ंके दौरान उनके 

ŮदशŊन को ŮदिशŊत करने के िलए मैटलैब / िसमुिलंक ɘेटफ़ॉमŊ का उपयोग करके मॉडिलंग और िसʄुलेटेड 

िकया गया है। Ůयोगशाला मŐ एक िवकिसत Ůोटोटाइप का उपयोग करके हाडŊवेयर कायाŊɋयन से Ůाɑ 

परीƗण पįरणामो ं के माȯम से नकली पįरणामो ं को सȑािपत िकया जाता है। Ůˑािवत Ůणािलयो ं की 

ŮयोǛता और वािणİǛक Ɨमता दƗता, लागत, सादगी और ŮदशŊन के आधार पर उनके गहन िवʶेषण 

Ȫारा उिचत है। 
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high efficiency IM(CuRT) 

Fig. 3.52 
(a-c) 

Phase current versus speed for 1.5kW 4-pole three phase induction motor (a) 
conventional design IM (b) proposed high efficiency IM(ALRT) (c) proposed 
high efficiency IM(CuRT) 

Fig. 3.53 
(a-c) 

Phase current versus speed for 2.2kW 4-pole three phase induction motor (a) 
conventional design IM (b) proposed high efficiency IM(ALRT) (c) proposed 
high efficiency IM(CuRT) 

Fig. 4.1 Block diagram of proposed two-stage field-oriented controlled induction motor 
drive 

Fig. 4.2 Block diagram of single stage solar PV array fed speed sensorless induction 
motor driven water pumping 

Fig. 4.3 Schematic of field-oriented control of induction motor drive for water pumping 
system 

Fig. 4.4 Schematic of PV array fed induction motor drive configuration for single-stage 
standalone water pumping system 

Fig. 4.5 
(a-b) 

MPPT Control: Flowchart of perturb and observe algorithm (a) Double Stage 
(b) Single Stage 

Fig. 4.6 
(a-b) 

Reference speed generation (a) ω1 estimation (b) feed-forward speed component 

Fig. 4.7 Field-oriented control of IMD 

Fig. 4.8 
(a-c) 

MATLAB/Simulink model of solar PV fed induction motor drive for two stage 
solar PV array fed water pumping system (a) complete system (b) P&O MPPT 
algorithm (c) FOC for speed control 

Fig. 4.9 
(a-c) 

MATLAB/Simulink model of solar PV fed induction motor drive for single 
stage solar PV array fed water pumping system (a) complete system (b) P&O 
MPPT algorithm (c) FOC for speed control 

Fig. 4.10 Photograph of Experimental prototype of the developed system 

Fig. 4.11 
(a-b) 

Signal conditioning circuit for voltage sensors (a) schematic diagram (b) 
photograph of voltage sensor board 

Fig. 4.12 
(a-b) 

Signal conditioning circuit for current sensors (a) schematic diagram (b) 
photograph of current sensor board 

Fig. 4.13 
(a-b) 

Isolation and amplification circuit for gate drivers (a) schematic diagram (b) 
photograph of opto-isolation and amplification board 

Fig. 4.14 
(a-b) 

Architecture of dSPACE 1202 (a) execution of control algorithm (b) CLP 1202 

Fig. 4.15 
(a-b) 

Starting and Steady state response (a) PV array (b) induction motor-pump 
assembly 

Fig. 4.16 
(a-b) 

Dynamic response of insolation decrease (1000-500) W/m2 (a) solar PV array 
(b) induction motor-pump assembly 

Fig. 4.17 
(a-b) 

Dynamic response of insolation change (500-1000) W/m2 (a) solar PV array (b) 
induction motor-pump assembly 

Fig. 4.18 
(a-b) 

MPPT efficiency at insolation level of (a) 1000 W/m2 (b) 500 W/m2 

Fig. 4.19 Starting performance at insolation level of (a) 1000 W/m2 (b) 500 W/m2 
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(a-b) 

Fig. 4.20 
(a-b) 

Performance of IMD during steady state at insolation level of (a)1000 W/m2 (b) 
500 W/m2 

Fig. 4.21 Performance indices during insolation change:  1000 W/m2 to 500 W/m2 to 1000 
W/m2 

Fig. 4.22 
(a-b) 

Starting and MPPT at 1000 W/m2 (a) PV array (b) Proposed Induction motor 
drive 

Fig. 4.23 
(a-b) 

PV array dynamic performance during decrease in insolation from 1000 W/m2 
to 500 W/m2 (a) PV array (b) IMD 

Fig. 4.24 
(a-b) 

System performance on increasing insolation from 500 W/m2 to 1000 W/m2 (a) 
PV array (b) IMD 

Fig. 4.25 MPPT of PV array at insolation of 1000 W/m2 

Fig. 4.26 
(a-b) 

Soft starting at 1000 W/m2 irradiance (a) performance of the proposed system 
(b) Intermediate speed signal 

Fig. 4.27 
(a-b) 

Soft starting at 500 W/m2 irradiance (a) performance of the proposed system (b) 
Intermediate speed signal 

Fig. 4.28 
(a-b) 

Steady state performance (a) 1000 W/m2 (b) 500 W/m2 

Fig. 4.29 
(a-b) 

Performance indices of (a) proposed system (b) waveforms showing sensed 
speed (ωsen) and estimated speed (ωm), during decrease in irradiance 

Fig. 4.30 
(a-b) 

Performance indices of (a) proposed system (b) waveforms showing sensed 
speed (ωsen) and estimated speed (ωm), during increase in irradiance 

Fig. 5.1 Single-phase unidirectional grid-solar PV interfaced system feeding FOC of 
induction motor drive 

Fig. 5.2 Unidirectional power flow control for single phase grid system 

Fig. 5.3 
(a-c) 

MATLAB/Simulink model (a) complete system (b) PWM control for PFC boost 
converter (c) reference current generator 

Fig. 5.4 Block diagram of signal conditioning and control architecture of test setup 

Fig. 5.5 
(a-b) 

Starting and steady state performance of system fed by PV array (a) PV array 
and grid indices (b) motor indices 

Fig. 5.6 
(a-b) 

Steady state performance of system fed by grid (a) PV array and grid indices (b) 
motor indices 

Fig. 5.7 
(a-b) 

System performance during insolation change from 1000 W/m2 to 200 W/m2 
(a)PV array-grid indices (b) induction motor drive indices 

Fig. 5.8 
(a-b) 

System performance during insolation change from 200 W/m2 to 1000 W/m2 
(a)PV array-grid indices (b) induction motor drive indices 

Fig. 5.9 
(a-b) 

Grid performance (a) PFC of supply current and voltage (b) THD and harmonic 
spectrum of supply current ig 

Fig. 5.10 
(a-b) 

Experimental data for MPPT efficiency: (a) 1000 W/m2 (b) 500 W/m2 

Fig. 5.11 
(a-c) 

Starting performance of solar water pumping system when (a) Solar insolation 
is 1000W/m2 and grid is available (b) Solar insolation is 0 W/m2 and grid is 
available (c) Solar insolation is 1000W/m2 and grid is not available 

Fig. 5.12 
(a-b) 

Steady state performance when (a) Pump is running at rated speed (b) Grid alone 
is feeding the pump 
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Fig. 5.13 
(a-b) 

Dynamic performance of solar water pumping system during grid connected 
operation when (a) Solar insolation changes from 1000W/m2 to 500W/m2, (b) 
Solar insolation changes from to 500W/m2 to 1000W/m2 

Fig. 5.14 
(a-d) 

Harmonic spectrum (a) grid voltage vg and grid current ig at 1000 W/m2 
insolation (b) grid power drawn by the motor-pump system at 1000 W/m2 
insolation (c) grid voltage THD (d) grid current THD 

Fig. 5.15 
(a-d) 

Harmonic spectrum (a) grid voltage vg and grid current ig at 500 W/m2 insolation 
(b) grid power drawn by the motor-pump system at 500 W/m2 insolation (c) grid 
voltage THD (d) grid current THD 

Fig.6.1 Block diagram of two stage single phase grid integrated solar PV fed high 
efficiency induction motor drive for water pumping system based on 
bidirectional power flow control. 

Fig.6.2 Block diagram of PLL based unit vector template generation 

Fig.6.3 
(a-c) 

MATLAB/Simulink model of proposed system (a) overall system (b) single-
phase grid (c) bidirectional power flow control 

Fig.6.4 
(a-b) 

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

Fig.6.5 
(a-b) 

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

Fig.6.6 Harmonic spectra of grid current when system operated by utility grid only 

Fig.6.7 
(a-b)  

Step decrement in insolation (1000-200) W/m2 (a) IMD indices (b) PV array 
and utility grid indices 

Fig.6.8 
(a-b) 

Step increment in insolation (200-1000) W/m2 (a) IMD indices (b) PV array and 
utility grid indices 

Fig.6.9 
(a-b) 

Condition pertaining changeover from PV array feeding pump to PV array 
feeding grid (a) IMD indices (b) PV array and utility grid indices 

Fig.6.10 Harmonic analysis of the supply when PV array feeding the grid.    

Fig.6.11 
(a-b) 

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

Fig.6.12 
(a-b) 

Starting performance of the system at (a) 1000 W/m2 (b) 500 W/m2 

Fig.6.13 Steady state performance of the system at 1000 W/m2 

Fig.6.14 
(a-b) 

Steady state performance of the system fed by utility grid only (a) grid, PV array 
and motor-pump indices (b) grid and motor-pump indices 

Fig.6.15 Steady state performance of the system fed when PV array is feeding the grid 

Fig.6.16 
(a-b) 

System behavior operated by PV array-grid system during insolation change (a) 
(1000-500) W/m2 (b) (500-1000) W/m2 

Fig.6.17 Dynamic performance during condition for changeover from PV array feeding 
utility grid to PV array feeding induction motor-pump set 

Fig.6.18 
(a-b) 

Performance indices during dynamic condition: (a) PV array alone feeding 
pump to utility grid alone feeding pump (b) Utility grid alone feeding pump to 
PV array alone feeding pump 

Fig.6.19 
(a-p) 

Total harmonic distortions and power factor of utility current (ig) when (a-d) 
utility grid feeding the pump and no PV power is available i.e. the water pump 
fed by utility grid alone (e-h) PV array feeds power to grid and no pumping is 
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required (i-l) utility grid feeding the pump and no PV power is available (m-p) 
utility grid is fed by PV array at solar irradiation of 500W/m2 and no pumping 
is required. 

Fig. 7.1 Configuration of single-phase grid fed fan type load profile system (IMD)with 
Power Factor Correction 

Fig. 7.2 Structure of the grid power flow control 

Fig. 7.3 Structure of SOGI 

Fig. 7.4 MATLAB/Simulink model of single-phase grid fed high efficiency induction 
motor driven fan load application system with Power Factor Correction 

Fig. 7.5 Developed hardware prototype of single-phase grid fed high efficiency 
induction motor driven fan load application system with power factor 
correction. 

Fig. 7.6 
(a-b) 

Performance of the PFC drive under speed control at 220-V ac input. (a) Starting 
performance, steady state of the proposed drive at 150 rad/sec. and dynamic 
performance when speed changes from 150 rad/sec to 100 rad/sec and then to 
50 rad/sec. (b) Starting performance, steady state of the proposed drive at 50 
rad/sec. and dynamic performance when speed changes from 50 rad/sec to 100 
rad/sec and then to 150 rad/sec. 

Fig. 7.7 
(a-c) 

Grid performance (a) PFC of supply current and voltage (b) THD and harmonic 
spectrum of supply current ig at 150rad/sec of fan speed (c) THD and harmonic 
spectrum of supply current ig at 100rad/sec of fan speed 

Fig. 7.8 
(a-c) 

Starting performance of induction motor fan load drive in term of indices grid 
voltage (vg), grid current (ig), motor phase current (ia) and induction motor fan 
speed (ωm) when (a) Fan is started at low speed mode selection i.e.52 rad/sec. 
(b) Fan is started at medium speed mode selection i.e.105 rad/sec. (c) Fan is 
started at high speed mode selection i.e.157 rad/sec. 

Fig. 7.9 
(a-f) 

Steady state performance when IMFL is running at (a-b) Low speed i.e. 52 
rad/sec (c-d) Medium speed i.e. 105 rad/sec (e-f) High speed i.e. 157 rad/sec 

Fig. 7.10 
(a-d) 

Dynamic Response of IMDFLA (a-b) Acceleration mode, Fan Speed Changing 
from Low to Medium to High (c-d) Deceleration mode, Fan Speed Changing 
from High to Medium to Low 

Fig. 7.11 
(a-d) 

Dynamic performance of fan type load system during grid connected operation 
during (a) Fast acceleration (Low-Medium-High) to fast deceleration (High-
Medium-Low) (d) Fast deceleration (High-Medium-Low) to fast acceleration 
(Low-Medium-High) 

Fig. 7.12 
(a-b) 

Performance of IMD during (a) Grid voltage sag (b) Restoration 

Fig. 7.13 
(a-b) 

Performance of IMD during (a) Grid voltage swell (b) Restoration. 

Fig. 7.14 
(a-c) 

Performance of IMD during Grid Voltage Distortion (a) at high speed (b) at 
medium speed (c) at low speed 

Fig. 7.15 
(a-l) 

Harmonic spectrum for grid voltage vg and grid current ig at normal grid 
conditions (a-d) at fan speed of 157 rad/sec (e-h) at fan speed of 105 rad/sec (i-
l) at fan speed of 52 rad/sec 
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Fig. 7.16 
(a-l) 

Harmonic spectrum for grid voltage vg and grid current ig while grid voltage sag 
(a-d) at fan speed of 157 rad/sec (e-h) at fan speed of 105 rad/sec (i-l) at fan 
speed of 52 rad/sec 

Fig. 7.17 
(a-l) 

Harmonic spectrum for grid voltage vg and grid current ig while grid voltage 
swell (a-d) at fan speed of 157 rad/sec (e-h) at fan speed of 105 rad/sec (i-l) at 
fan speed of 52 rad/sec 

Fig. 7.18 
(a-l) 

Harmonic spectrum for grid voltage vg and grid current ig while grid voltage is 
distorted (a-d) at fan speed of 157 rad/sec (e-h) at fan speed of 105 rad/sec (i-l) 
at fan speed of 52 rad/sec 

Fig.8.1 Schematic of overall system for single stage high efficiency induction motor 
drive for small commercial electric vehicle 

Fig.8.2 Basic Configuration of transmission system for small commercial EV 

Fig.8.3 MATLAB/Simulink model of induction motor driven electrical vehicle 

Fig.8.4 
(a-c) 

Starting and steady state performance of system at reduced speed and no-load 
condition (a) Starting and Steady state performance in terms of (Vdc, Te, ωm, ia) 
(b) Starting and Steady state performance in terms of (iα, iβ, ωm, ibat)  (c) 
intermediate signals during steady state in terms of (iα, iβ, ψs, ibat) 

Fig.8.5 
(a-d) 

Reversal of speed at no-load condition in term of indices (Vdc, Te, ωm, ia)  (a) 
From -900 rpm to 0 rpm to 900 rpm (b) From -900 rpm to 0 rpm to 900 rpm (c) 
From 900 rpm to 0 rpm to -900 rpm  to 0 rpm to 900 rpm (d) Step increase in 
speed from 100 rpm to 600 rpm to 900 rpm. 

Fig.8.6 
(a-b) 

Regeneration phenomena while braking the electrical vehicle (a) change of 
speed from 900 rpm to 100 rpm and again to 900rpm, expressed in terms of (iα, 
iβ, ωm, ibat) (b) change of speed from 900 rpm to 100 rpm and again to 600rpm 
expressed in terms of (iα, iβ, ψs, ibat) 

Fig.8.7 Performance of the system when the load torque is decreased and speed is 
maintained constant in term of indices (Vdc, Te, ωm, ia). 

Fig.8.8 
(a-c)  

Starting and steady state performance of the system at reduced speed and part 
load condition (a) Performance in terms of (Te, Pm, ωm, ibat) (b) Performance in 
terms of (ia, ib,ic, ωm)  (c) intermediate signals in terms of (ψα, ψβ, ωm ,ia) 

Fig.8.9 
(a-d) 

Performance of the system when the load torque is changed and speed is 
maintained constant in term of indices (Vdc, Te, ωm, ia) (a) Increase in torque (b) 
Decrease in torque (c) Momentarily increase in torque and then decrease in 
torque (d) Momentarily decrease then increase in torque 

Fig.8.10 
(a-d) 

Performance of the system when the load torque is changed and speed is 
maintained constant in term of indices (Te, Pm, ωm, ia) (a) increase in speed (b) 
decrease in speed (c) step increase in speed (d) step decrease in speed 
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DOE Design of Experiments 

CAD Computer Aided Design 

ALRT Aluminium Rotor 

CuRT Copper Rotor 

AT Ampere Turns 

PV Photovoltaic 

EV Electric Vehicle 

PMSM Permanent Magnet Synchronous Motor 

DC Direct Current 

BLDC Brushless DC 

MPPT Maximum Power Point Tracking 

VSI Voltage Source Inverter 

PQ Power Quality 

THD Total Harmonics Distortion 

IEEE Institute of Electrical and Electronics Engineers 

PD Positive Displacement 

SVM Space Vector Modulation 

VSC Voltage Source Converter 

PFC Power Factor Correction 

MNRE Ministry of New and Renewable Energy 

BIS Bureau of Indian Standards 

IEC International Electrotechnical Commission 

CEC Clean Energy Council 

IM Induction Motor 

PMSM Permanent Magnet Synchronous Motor 

SRM Switched Reluctance Motor  
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SyRM Synchronous Reluctance Motor 

P&O Perturb and Observe 

CSC Canonical Switching Cell 

MRAS Model Reference Adaptive System 

EMF Electromotive Force 

PI Proportional Integral 

FOC Field-Oriented Control 

AC Alternating Current 

BES Battery Energy Support 

IMD Induction Motor Drive 

IGBT Insulated Gate Bipolar Transistor 

DSP Digital Signal Processor 

DSO Digital Signal Oscilloscope 

CPU Central Processing Unit 

ADC Analog to Digital Converter 

DAC Digital to Analog Converter 

SPS Sim Power System 

DTC Direct Torque Control 

SOC State of Charge 

UVT Unit Vector Template 

STC Standard Temperature and Pressure 

LPF Low Pass Filter 

PLL Phase-Locked Loop 

DRAM Dynamic Random-Access Memory 

SOGI Second Order Generalized Integral 
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LIST OF SYMBOLS 

Vmpp, Vmp Solar PV voltage (V) of one module and one array at MPP 

Impp, Imp Solar PV current (A) of one module and one array at MPP 

Voca, Voc  Open-circuit voltage (V) of one module and one array 

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 

ΔI1 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 

Idc DC link current 

a Overloading factor 

ia Motor phase current 

Vp, VL-L Phase voltage, line voltage of induction motor 

m Modulation index 

VVSI, IVSI Voltage rating of VSI, current rating of VSI 

KV and KI Voltage safety factor, current safety factor 

K1 Pump constant 

Pm Rated power of induction motor 

ωsl, ωe and ωm Slip speed, synchronous speed and motor speed in rad/s 

ωref Reference speed 

va, vb and vc Phase voltages (V) of induction motor  

vα, vβ  Voltages in α-β domain 

iα, iβ Motor currents in α-β domain 

ψα, ψβ, ψs Fluxes in α-β domain, resultant flux 

ψαr, ψβr, ψr Rotor fluxes in stationary reference frame, resultant flux 

Lr, Ls, Lm Rotor inductance, stator inductance and mutual inductance 

Llr, Lls Rotor leakage inductance, stator leakage inductance 
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Rr, Rs Rotor resistance, stator resistance 

Vref Reference voltage (V) 
*
ds , ds  Reference d-axis flux (Wb), actual d-axis flux (Wb)  

*
dsi , dsi  Reference d-axis current (A), actual d-axis current (A) 
*
qsi

, qsi
 

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

*
eT , eT  Reference developed torque (Nm), estimated developed torque (Nm) 

P Number of poles 

Tp Pump torque (Nm) 
  Efficiency (%) 

batV  Battery voltage 

L  
Fundamental frequency (rad/s) 

2swf  
Switching frequency of PFC boost converter 

L2 PFC boost inductor 

gLi  Ripple allowed in PFC boost inductor current 

Rf, Cf Resistance (Ω) and capacitance (µF) of RC filter 

2swT  
Switching time of PFC boost converter 

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

Li Interfacing inductor 

W Winding Pitch 

p  Pole Pitch measured as slot pitch 

sq  Slot per pole per phase 

m No of total phases 

s  Current Density for the stator windings (A/mm2) 

 

 


