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ABSTRACT 

With the increased in energy demand, the design and development of energy efficient drive for 

domestic and industrial appliances, have become essential. The current harmonic regulations limit 

the harmonics emission by the household equipment so that it does not exceed the compatibility 

levels. These regulations also define the minimum power factor required for the equipment 

connected to single phase supply. Therefore, the drives are recommended with front end PFC 

(Power Factor Correction) converters to increase the power conversion efficiency and to meet the 

international standards for power quality, such as IEC-61000-3-2. The research in power 

converters has developed the keen interest of researchers in special machines, which has been 

developed in late nineteenth century. Brushless DC motor, permanent synchronous motor, 

synchronous reluctance motor and switched reluctance motor (SRM) are some of the motors, 

which are seeking the attraction for number of applications.  

This work aims at the development of the power factor correction converters for feeding SRM 

drive as a cost effective solution for low power household applications. The cost and efficiency 

are two most important aspects, which play a vital role in the design of drives focusing towards 

households applications such as fans, water pumps, vacuum cleaner, washing machine etc. SRM 

has salient pole construction such that the stator is provided with concentrated windings, which 

are excited through mid-point converter, sequentially. The rotor is made up of laminated magnetic 

materials and free from any sort of winding. SRM has many advantages such as high torque-

volume ratio, fast dynamic response, low manufacturing cost and wide speed range.  

The selection of suitable PFC converter for particular application depends upon various aspect 

including rating of SRM motor, voltage and current rating of semiconductor devices, total number 

of component counts, requirement of two equal output voltages, galvanic isolation, cost and 

efficiency of the overall system. Out of the available PFC converter configurations, the 

recommended PFC converters for the proposed SRM drive, are classified into five different 

categories of non-isolated single output PFC converters, non-isolated dual output PFC converters, 

isolated single output PFC converters, isolated dual output PFC converters and bridgeless PFC 

converters. Among them dual output PFC converters are mainly focused as per the system 

requirement, as two equal output voltages are required to feed the mid-point converter fed SRM 

drive. In this work, PFC converters are designed to operate in DCM, to obtain inherent power 
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factor correction at supply mains. As the voltage follower approach is considered, therefore, sensor 

requirement is reduced to one voltage sensor, which reduces the system cost. 

The major aspect of the work, includes simplicity in control as two equal output voltages are 

generated to feed the mid-point converter fed SRM drive without any voltage balancing loop. The 

converter configurations proposed for the SRM drive, are features with neutral point N to generate, 

which has reduced the stress across the semiconductor switches. Moreover, the selected DCM of 

operation via voltage follower approach requires simple control to obtain inherent power factor 

correction at input side. In this technique, PFC is obtained due to discontinuous inductor current 

mode during each switching period. During this period, the circuit behaves as an emulated 

resistance, and thus inherent wave-shaping is provided to the circuit. The controlled DC link 

voltage over wide range, delivers excellent speed control, which is well demonstrated in the test 

results. The performance of proposed PFC converters fed SRM drive is validated on the models 

developed in MATLAB/Simulink environment. Further, to validate the simulation results, a 

laboratory prototype of PFC converter fed SRM drive is developed. However, the performance 

evaluation of proposed SRM dive is carried out during different steady state and dynamic 

conditions. The voltage and current waveforms of different circuit components including circuit 

inductor, capacitor and semiconductor switches are analysed. The proposed PFC converters fed 

SRM drive is also tested under different supply voltage fluctuation conditions, which is well 

demonstrated through test results. The accepted power quality indices of these PFC converters fed 

SRM drive are also evaluated at AC mains. The found indices comply with the given power quality 

standard IEC 61000-3-2.  
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आब्स्ट र्ॅक्ट 

वित थे इनक्रीस्ड इन एनर्जी वडम ॅंड, थे वडज़ाइन आॅंड डेिेलपमेंट ऑफ एनर्जी एफीवियेंट डर ़ाइि फॉर 

डोमेस्टिक आॅंड इॅंडस्टिर यल अप्ल़ाइयेन्सस, ह ि विकम एसेस्टषियल. थे करेंट ह़ारमॉवनक रेगु्यलेिन्स वलवमट थे 

ह़ारमॉवनक्स एवमिन ि़ाइ थे ह़ाउिोल्ड एस्टिपमेंट सो तट इट डज नोट एक्सीड थे कॅं प वटविवलटी लेिेल्ज़. दीज 

रेगु्यलेिन्स ऑल्सो वडफ़ाइन थे वमवनमम पिर फ क्टर ररि़ाइयडड  फॉर थे एस्टिपमेंट कनेके्टड तो वसॅंगल फेज 

सप्ल़ाइ. देफोर, थे डर ़ाइव्स अरे रेकमेंडेड वित फ्रॅं ट एॅं ड पफ्क (पिर फ क्टर करेक्षन) कन्वटडसड तो इनक्रीस थे 

पिर कन्विडन एफीवियेन्सी आॅंड तो मीट थे इॅंटरन िनल ि ॅंडडडडस फॉर पिर ि़ावलटी, सच आस इयीक-

61000-3-2. थे ररसचड इन पिर कन्वटडसड ह़ास डेिेलप्ड थे की ॅं इॅंटेरेि ऑफ ररसचडसड इन से्पिल मिीन्स, विच 

ह़ास विन डेिेलप्ड इन ल़ाते ऩाइॅंटी ॅंत सेंचुरी. िड  ृ ृुिलेिस डीसी मोटर, पमडनेंट स़ाइॅंकरनस मोटर, स़ाइॅंकरनस 

ररलके्टन्स मोटर आॅंड स्टिच्ड ररलके्टन्स मोटर (स्रडम) अरे सम ऑफ थे मोटसड, विच अरे सीवकॅं ग थे अटर  क्षन 

फॉर नॅंिर ऑफ अस्टप्लकेिन्स.  

तीस िकड  एम्स अट थे डेिेलपमेंट ऑफ थे पिर फ क्टर करेक्षन कन्वटडसड फॉर फीवडॅंग स्रडम डर ़ाइि आस आ 

कॉि एफेस्टक्टि सलू्यिन फॉर लो पिर ह़ाउिोल्ड अस्टप्लकेिन्स. थे कॉि आॅंड एफीवियेन्सी अरे टू मोि 

इॅंपॉटेंट आसे्पक्टडस, विच पे्ल आ ि़ाइटल रोल इन थे वडज़ाइन ऑफ डर ़ाइव्स फोकवसॅंग टुिडडडस ह़ाउिोल्डडस 

अस्टप्लकेिन्स सच आस फँस, िॉटर पॅंप्स, ि कू्यम क्लीनर, िॉविॅंग मिीन एटडसेटऱा. स्रडम ह़ास सेलीयेंट पोले 

कन्स्ट्रक्षन सच तट थे ि टर इस प्रोि़ाइडेड वित कॉन्सेंटर ेटेड ि़ाइॅं वडॅंग्स, विच अरे एग्ज़ाइटेड थू्र वमड-पॉइॅंट 

कन्वटडर, सीिेस्टषियली. थे रोटर इस मेड उप ऑफ ल वमनेटेड म गे्नवटक मेटीररयल्स आॅंड फ्री फ्रॉम अन्य सॉटड 

ऑफ ि़ाइॅं वडॅंग. स्रडम ह़ास म़ानी अडडि़ाॅंटेर्जस सच आस ह़ाइ टॉकड -िॉलू्यम रेवियो, फ़ाि ड़ाइनवमक रेस्पॉन्स, 

लो म नू्यफ क्चररॅंग कॉि आॅंड ि़ाइड स्पीड रॅं गे. 

 

तीस िकड  एम्स अट थे डेिेलपमेंट ऑफ थे पिर फ क्टर करेक्षन कन्वटडसड फॉर फीवडॅंग स्रडम डर ़ाइि आस आ 

कॉि एफेस्टक्टि सलू्यिन फॉर लो पिर ह़ाउिोल्ड अस्टप्लकेिन्स. थे कॉि आॅंड एफीवियेन्सी अरे टू मोि 

इॅंपॉटेंट आसे्पक्टडस, विच पे्ल आ ि़ाइटल रोल इन थे वडज़ाइन ऑफ डर ़ाइव्स फोकवसॅंग टुिडडडस ह़ाउिोल्डडस 

अस्टप्लकेिन्स सच आस फँस, िॉटर पॅंप्स, ि कू्यम क्लीनर, िॉविॅंग मिीन एटडसेटऱा. स्रडम ह़ास सेलीयेंट पोले 

कन्स्ट्रक्षन सच तट थे ि टर इस प्रोि़ाइडेड वित कॉन्सेंटर ेटेड ि़ाइॅं वडॅंग्स, विच अरे एग्ज़ाइटेड थू्र वमड-पॉइॅंट 

कन्वटडर, सीिेस्टषियली. थे रोटर इस मेड उप ऑफ ल वमनेटेड म गे्नवटक मेटीररयल्स आॅंड फ्री फ्रॉम अन्य सॉटड 
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ऑफ ि़ाइॅं वडॅंग. स्रडम ह़ास म़ानी अडडि़ाॅंटेर्जस सच आस ह़ाइ टॉकड -िॉलू्यम रेवियो, फ़ाि ड़ाइनवमक रेस्पॉन्स, 

लो म नू्यफ क्चररॅंग कॉि आॅंड ि़ाइड स्पीड रॅं गे.  

थे सेलेक्षन ऑफ सूटिल पफ्क कन्वटडर फॉर पवटडकु्यलर अस्टप्लकेिन वडपेंडडस अपॉन िेररयस आसे्पक्ट 

इॅंकू्लवडॅंग रेवटॅंग ऑफ स्रडम मोटर, िोले्टर्ज आॅंड करेंट रेवटॅंग ऑफ सेवमकॅं डक्टर वडि़ाइसस, टोटल नॅंिर ऑफ 

कॉॅंपोनेंट क़ाउॅंटडस, ररि़ाइमेंट ऑफ टू ईिल आउटपुट िोल्टएर्जस, ग ल्व वनक आइसोलेिन, कॉि आॅंड 

एफीवियेन्सी ऑफ थे ओिरॉल वसिम. आउट ऑफ थे अिेलिल पफ्क कन्वटडर कॉनवफगरेिन्स, थे 

रेकमेंडेड पफ्क कन्वटडसड फॉर थे प्रपोज़्ड स्रडम डर ़ाइि, अरे क्ल़ावसफ़ाइड इॅंटो फ़ाइि वडफरेंट केटेगरीस ऑफ 

नोॅं-आइसोलेटेड वसॅंगल आउटपुट पफ्क कन्वटडसड, नोॅं-आइसोलेटेड डु्ययल आउटपुट पफ्क कन्वटडसड, 

आइसोलेटेड वसॅंगल आउटपुट पफ्क कन्वटडसड, आइसोलेटेड डु्ययल आउटपुट पफ्क कन्वटडसड आॅंड 

िररडगेलएिस पफ्क कन्वटडसड. अमॉॅंग देम डु्ययल आउटपुट पफ्क कन्वटडसड अरे मेषली फोकस्ड आस पेर थे 

वसिम ररि़ाइमेंट, आस टू ईिल आउटपुट िोल्टएर्जस अरे ररि़ाइयडड  तो फीड थे वमड-पॉइॅंट कन्वटडर फेड 

स्रडम डर ़ाइि. इन तीस िकड , पफ्क कन्वटडसड अरे वडज़ाइॅंड तो ऑपरेट इन डडम, तो ओब्टेन इने्हरेंट पिर फ क्टर 

करेक्षन अट सप्ल़ाइ मैंस. आस थे िोले्टर्ज फॉलोिर अप्रोच इस कस्टन्सडडड , देफोर, सेन्सर ररि़ाइमेंट इस 

रेडू्यस्ड तो िन िोले्टर्ज सेन्सर, विच रेडू्यसस थे वसिम कॉि. 

थे मेर्जर आसे्पक्ट ऑफ थे िकड , इॅंकू्लडडस वसॅंस्टप्लवसटी इन कॅं टर ोल आस टू ईिल आउटपुट िोल्टएर्जस अरे 

रे्जनरेटेड तो फीड थे वमड-पॉइॅंट कन्वटडर फेड स्रडम डर ़ाइि विद़ाउट अन्य िोले्टर्ज ि लेस्टन्सॅंग लूप. थे कन्वटडर 

कॉनवफगरेिन्स प्रपोज़्ड फॉर थे स्रडम डर ़ाइि, अरे फीचसड वित नू्यटर ल पॉइॅंट न तो रे्जनरेट, विच ह़ास रेडू्यस्ड थे 

िर ेस अक्रॉस थे सेवमकॅं डक्टर स्टिचस. मोरोिर, थे सेलेके्टड डडम ऑफ ऑपरेिन ि़ाइय़ा िोले्टर्ज फॉलोिर 

अप्रोच ररि़ाइसड वसॅंपल कॅं टर ोल तो ओब्टेन इने्हरेंट पिर फ क्टर करेक्षन अट इनपुट स़ाइड. इन तीस टेक्नीक, 

पफ्क इस ओब्टेंड डू्य तो वडसकॅं वटनु्यिस इनडक्टर करेंट मोड डू्यररॅंग ईच स्टिवचॅंग पीररयड. डू्यररॅंग तीस 

पीररयड, थे सकू्यडट विहेव्स आस आन एमु्यलेटेड रेवजिेन्स, आॅंड दस इने्हरेंट िेि-ि़ावपॅंग इस प्रोि़ाइडेड तो 

थे सकू्यडट. थे कॅं टर ोल्ड डीसी वलॅंक िोले्टर्ज ओिर ि़ाइड रॅं गे, डेवलिसड एक्सलेंट स्पीड कॅं टर ोल, विच इस िेल 

डेमॉन्स्ट्र ेटेड इन थे टेि ररजल्टडस. थे पफॉडमेन्स ऑफ प्रपोज़्ड पफ्क कन्वटडसड फेड स्रडम डर ़ाइि इस ि वलडेटेड 

ओॅं थे मॉडेल्स डेिेलप्ड इन मतलि/वसमुवलॅंक एन्व़ाइरन्मेंट. फदडर, तो ि वलडेट थे वसमु्यलेिन ररजल्टडस, आ 

ल िोरेटरी प्रोटट़ाइप ऑफ पफ्क कन्वटडर फेड स्रडम डर ़ाइि इस डेिेलप्ड. हिेिर, थे पफॉडमेन्स एि लू्ययेिन 

ऑफ प्रपोज़्ड स्रडम ड़ाइि इस क रीड आउट डू्यररॅंग वडफरेंट िेडी िेट आॅंड ड़ाइनवमक कॅं डीिन्स. थे 
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input voltage changes from 220 V AC to 170 V AC.  

Fig. 6.72 Dynamic during change in DC link voltage from (a) 300 V DC to 240 V DC 

and (b) 240 V DC to 300 V DC. 
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Fig. 6.73 Test results shows the dynamic performance of proposed drive during; (a) 

Starting, (b) change in DC link voltage from 250 V to 170 V and (c) change 

in DC link voltage from 170 V to 250 V. 

Fig. 6.74 Simulated harmonics spectrum for an dual output modified Cuk converter fed 

SRM drive with DC link voltage as (a) 300 V and (b) 100 V. 

Fig. 6.75 Test result of proposed SRM drive on the basis of power quality indices with 

(a)-(c) vs=220 V, Vdc=300 V, and Pout (output power)=405W, (d)-(f) vs =90 

V, Vdc=300 V and Pout (output power)=396W, (g)-(i) vs=270 V, VDC=300 V 

and Pout (output power)=408W and (j)-(l) vs=220 V, VDC=100 V and Pout 

(output power)=155W. 

Fig. 6.76 Motor performance at rated speed of 1500 rpm with DC link at 320 V and 

supply voltage at 220 V.  

Fig. 6.77 Test results demonstrating: (a) equal voltage across two output capacitors as 

Vdc1= Vdc2=150 V, (b) improve power quality operation with Vdc as 300 V, (c) 

PFC operation at Vdc=100 V and (d) motor current. 

Fig. 6.78 Performance of proposed converter during positive and negative half of the 

supply voltage. 

Fig. 6.79 Voltage and current waveform though different circuit components during (a) 

positive half of the supply voltage and (b) during negative half of the supply 

voltage.  

Fig. 6.80 Peak voltage and current stress through converter switch. 

Fig. 6.81 Test results demonstrating: (a) continuous current through Li, discontinuous 

current through Lo and continuous voltage across Vc1 and Vc2, (b) converter 

operation during each switching period, (c) intermediate capacitors operating 

in CCM mode and (d) switching stress across the device. 

Fig. 6.82 Motor and converter side dynamics during supply voltage variation  

Fig. 6.83 Dynamics during DC link variation from (a) 240 V DC to 300 V DC and (b) 

300 V to 240 V DC. 

Fig. 6.84 Test results during change in Vdc as: (a) 250 V to 170 V, (b) 150 V to 230 V, 

and (c) input voltage, input current and motor phase current during starting. 

Fig. 6.85 Simulated harmonics spectrum for an dual output modified SEPIC converter 

fed SRM drive with DC link voltage as (a) 300 V and (b) 100 V 

Fig. 6.86 Power quality results at different input voltages as: (a)-(c) Vac=220 V, (d)-(f) 

Vac=170 V, (g)-(i) Vac=270 V and (j)-(l) at reduced Vdc as 100V and input 

voltage as Vac=220 V. 

Fig. 6.87 Measured harmonic content of input current at rated speed operation of 

proposed drive.    

Fig. 7.1 Proposed PFC based isolated SEPIC converter fed SRM drive. 

Fig. 7.2 Isolated SEPIC converter operating modes: (a) Mode I (t1- t2) switch on 

period, (b) Mode II (t2- t3) switch off and diode on period and (c) Mode III 

(t3- t4) both switch and diode off period.  Theoretical waveforms for each 

switching period. 

Fig. 7.3 MATLAB/Simulink model of isolated single output PFC based SEPIC 

converter fed SRM drive. 

Fig. 7.4 Steady state performance of PFC based isolated single output SEPIC 

converter fed SRM drive. 

Fig. 7.5 Experimental results: (a) motor current, (b) Obtained PFC operation at Vdc as 

150 V, and (d) Obtained PFC operation at Vdc as 50 V. 
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Fig. 7.6 (a) Demonstrate the performance of isolated single output SEPIC converter 

and (b) zoomed view of Fig. (a) Showing circuit operation during switch on 

period, switch off period and DCM period. 

Fig. 7.7 (a) Peak voltage and current stress converter switch and (b) zoomed view of 

Fig. (a) showing peak voltage and current during switch on and switch off 

period. 

Fig. 7.8 Experimental waveform showing (a) input inductor current, intermediate 

capacitor voltage and transformer primary current, (b) zoomed view of Fig. 

(a), (c) current through transformer primary and secondary, (d) zoomed view 

of transfer primary and secondary current and (e) maximum voltage and 

current across switch. 

Fig. 7.9 Performance of proposed drive during: (a) starting and (b) During supply 

voltage fluctuation from 90 V rms to 70 V rms. 

Fig. 7.10 Change in DC link voltage from: (a) 80 V to 140 V and (b) 140 V to 80 V. 

Fig. 7.11 Experimental results with variation in Vdc from; (a) 90 V to 150 V, (b) 150 V 

to 90 V and (c) dynamic during starting. 

Fig. 7.12 Harmonic spectrum demonstrating input current THD with DC link voltage 

as (a) 150 V and (b) 50 V.  

Fig. 7.13 Power analyzer results with (a)-(c) Vac=90 V and Vdc=150 V (d)-(f) vac=110 

V and Vdc=150 V and (g)-(i) vac=90 V and VDC=50 V. 

Fig. 8.1 Classification of isolated dual output PFC converters feeding SRM drives. 

Fig. 8.2 Dual output PFC based isolated Zeta converter fed SRM drive. 

Fig. 8.3 Converter operating modes: (a) Mode I switch on period, (b) Mode II switch 

off period, (c) Mode III DCM period and (d) Waveform during all the three 

operating modes. 

Fig. 8.4 Dual output PFC based Integrated SEPIC-Flyback converter fed SRM drive. 

Fig. 8.5 Integrated SEPIC-Flyback converter operating modes (a) switch on state 

(Mode I), (b) switch state (Mode II), (c) Mode III, (d) Mode IV and (e) Mode 

V. 

Fig. 8.6 Dual output PFC based isolated Cuk converter fed SRM drive. 

Fig. 8.7 Isolated Cuk converter operating modes: (a) Mode I switch on period, (b) 

Mode II switch off and diode on period and (c) Mode III freewheel period. 

Fig. 8.8 MATLAB/Simulink model of isolated dual output PFC converter fed SRM 

drive 

Fig. 8.9 Steady state performance of PFC based isolated dual output Zeta converter 

fed SRM drive. 

Fig. 8.10 Experimental results: (a) motor current, (b) two symmetrical output voltages, 

(c) PFC operation at Vdc as 50 V, and (d) PFC operation at Vdc as 150 V. 

Fig. 8.11 (a) Demonstrate the performance of isolated dual output zeta converter and 

(b) zoomed view of Fig. (a) Showing circuit operation during switch on 

period, switch off period and DCM period.  

Fig. 8.12 (a) Peak voltage and current stress converter switch and (b) zoomed view of 

Fig. (a) showing peak voltage and current during switch on and switch off 

period. 

Fig. 8.13 Experimental waveform showing (a) voltages across switch and intermediate 

capacitors and current through magnetising inductance and output inductor, 

(b) zoomed view of fig. (a) Demonstrating CCM and DCM operation of 

circuit components and (d) peak voltage and current stress across 

semiconductor switch. 
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Fig. 8.14 Performance of proposed drive during: (a) starting and (b) During supply 

voltage fluctuation from 90 V rms to 70 V rms. 

Fig. 8.15 Change in DC link voltage from: (a) 150 V to 90 V and (b) 90 V to 150 V. 

Fig. 8.16 Experimental results with variation in Vdc from; (a) 70 V to 150 V, (b) 150 V 

to 70 V and (c) dynamic during starting. 

Fig. 8.17 Harmonic spectrum demonstrating input current THD with DC link voltage 

as (a) 150 V and (b) 50 V. 

Fig. 8.18 Power analyzer results with (a)-(c) Vac=90 V and Vdc=150 V (d)-(f) vac=110 

V and Vdc=150 V and (g)-(i) vac=90 V and VDC=50 V. 

Fig. 8.19 Simulation result showing operation of proposed drive during rated 

conditions. 

Fig. 8.20 Experimental results: (a) motor current, (b) two symmetrical output voltages, 

(c) improved power quality operation at Vdc as 150 V, and (d) at Vdc as 50 V. 

Fig. 8.21 Performance of PFC based dual output integrated SEPIC-Flyback converter. 

Fig. 8.22 (a) Peak voltage and current stress across semiconductor switch and (b) 

zoomed view of Fig. (a) demonstrating peak voltage and current during each 

switch on and switch off period. 

Fig. 8.23 Experimental waveform showing (a) current through input inductor L1, 

intermediate inductor L2 and current through magnetising inductance Lm1 

during each switching period, (b) zoomed view of fig. (a), (b) voltage across 

C1 and C2 and (c) current through diode D3 and D4 during each switching 

period. 

Fig. 8.24 Dynamic performance of proposed drive during: (a) starting and (b) dip in 

supply voltage from 90 V to 70 V. 

Fig. 8.25 Speed control of proposed drive when DC link voltage is subjected to change 

from: (a) 140 V to 80 V and (b) 80 V to 140V. 

Fig. 8.26 Test results demonstrating dynamic performance of proposed drive during 

change in DC link voltage from (a) 70 V to 120 V, (b) 130 V to 80 V and (c) 

dynamic during starting. 

Fig. 8.27 Harmonic spectrum for input current demonstrating input current THD at 

maximum and minimum DC link voltages: (a) 150 V and (b) 50 V. 

Fig. 8.28 Power analyzer results with (a)-(c) Vac=90 V and Vdc=150 V (d)-(f) vac=110 

V and Vdc=150 V and (g)-(i) vac=90 V and VDC=50 V. 

Fig. 8.29 Performance of proposed drive during DC link voltage as 150 V and supply 

voltage as 90 V. 

Fig. 8.30 Test results: (a) motor current, (b) two symmetrical output sources, (c) PFC 

operation at Vdc as 150 V, and (d) PFC operation at Vdc as 50V. 

Fig. 8.31 (a) Performance of proposed dual output Cuk converter with different circuit 

components operating in CCM and DCM as per the selected design and (b) 

zoomed view of Fig. (a) demonstrating voltage and current during each 

switching period.  

Fig. 8.32 (a) peak voltage and current stress across semiconductor switch and (b) switch 

voltage and current during each switch on and switch off period. 

Fig. 8.33 Experimental waveform showing (a) input inductor current, and current 

through two output inductors, (b) zoomed view of Fig. (a) showing DCM 

operation, (c) voltages across intermediate capacitors Ci1, Co1 and Co2, (d) 

current through transformer primary and secondary and (e) maximum voltage 

and current across switch. 

Fig. 8.34 Drive dynamic performance during: (a) starting and (b) change in supply 

voltage from 90 V AC to 70 V AC. 
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Fig. 8.35 Dynamic operation of proposed drive during change in DC link voltage from: 

(a) 140 V to 80 V and (b) 80 V to 140 V.  

Fig. 8.36 Experimental results with variation in Vdc from; (a) 100 V to 150 V, (b) 150 

V to 100 V and (c) dynamic during starting. 

Fig. 8.37 Simulation results demonstrating input current THD at maximum and 

minimum DC link voltage as: (a) 150 V and (b) 50 V. 

Fig. 8.38 Power analyzer results with (a)-(c) Vac=90 V and Vdc=150 V (d)-(f) vac=110 

V and Vdc=150 V and (g)-(i) vac=90 V and VDC=50 V. 

Fig. 9.1 Classification of bridgeless PFC converters for SRM drives. 

Fig. 9.2 Switch reluctance motor fed with PFC based Zeta converter.  

Fig. 9.3 Operational circuit of Bridgeless Zeta converter fed SRM during positive half 

and negative half cycle of supply voltage (a) during positive half cycle (b) 

during negative half cycle. (c, d, e) three different mode of operation (f) 

associated waveform during interval I, II and III. 

Fig. 9.4 Proposed modified bridgeless buck boost converter fed SRM drive. 

Fig. 9.5 Operation of the modified converter in DICM during (a, b, c, d, e) five 

different modes of operation and associated waveform (f) during interval I, II, 

III, IV and V. 

Fig. 9.6 Proposed bridgeless dual output Cuk converter fed SRM drive. 

Fig. 9.7 Operation of proposed Cuk converter under positive and negative half cycle 

of the supply voltage: (a) Mode I (positive half), (b) Mode II (positive half), 

(c) Mode III period of discontinuous inductor current (positive half), (d) Mode 

I (negative half), (e) Mode II (negative half), (f) Mode III period of 

discontinuous inductor current (negative half).  

Fig. 9.8 Circuit voltage and current waveform during each switching period. 

Fig. 9.9 Proposed half bridge dual output converter fed SRM drive. 

Fig. 9.10 Operation of proposed converter during positive half: (a) Switch on period, 

(b) Switch off period (c) DCM operation. 

Fig. 9.11 Operation of proposed converter during negative half: (a) Switch on period, 

(b) Switch off period, (c) DCM operation and (d) Associated voltage and 

current waveform during different modes of operation. 

Fig. 9.12 Proposed Cuk-SEPIC based dual output converter fed SRM drive. 

Fig. 9.13  (a), (b) Operation of proposed converter during both positive and negative 

half of the supply voltage, SEPIC converter during: (c) switch on period, (d) 

switch off period, (e) DCM operation and Cuk converter during: (g) switch 

on period, (h) switch off period, (h) DCM operation. 

Fig. 9.14 Associated voltage and current waveform during different modes of 

operation. 

Fig. 9.15 MATLAB/Simulink model of non-isolated dual output PFC converter fed 

SRM drive. 

Fig. 9.16 Steady state performance of switch reluctance motor at rated speed. 

Fig. 9.17 Performance of proposed converter at rated DC link voltage as 300 V and 

supply voltage as 220 V. 

Fig. 9.18 Demonstrating zoomed view of Fig. 9.17 during positive and negative half of 

the supply voltage to show circuit components operating under CCM and 

DCM. 

Fig. 9.19  (a) Peak voltage and current stress across semiconductor device and (b) 

zoomed view demonstrating voltage and current during each switch on and 

switch off period. 
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Fig. 9.20 Dynamics behavior of SRM drive (a) during starting and (b) during supply 

voltage fluctuation. 

Fig. 9.21 Dynamics behavior of SRM drive during (a) DC link voltage change from 

240 V to 300 V and (b) DC link voltage change from 300 V to 240 V. 

Fig. 9.22 Harmonics spectra of supply current at (a) ac input as 220 V and DC link 

voltage as 300 V, (b) ac input as 220 V and at DC link voltage as 100V. 

Fig. 9.23 Motor performance at rated speed of 1500 rpm with DC link at 300 V and 

supply voltage at 220 V. 

Fig. 9.24 Demonstrating performance of proposed converter with different circuit 

component operating in CCM and DCM as per the selected design. 

Fig. 9.25  (a) During Mode I and Mode II the diode current, inductor current, switch 

voltage and switch current, (b) During Mode III and Mode IV the diode 

current, inductor current, switch voltage and switch current. 

Fig. 9.26 (a,b) Switching stress with peak switch current and voltage as 35 A and 620 

V. 

Fig. 9.27  (a) Motor starting dynamics with reduced phase current and (b) dynamics 

during supply voltage fluctuations. 

Fig. 9.28 Dynamic performance of proposed drive during change in DC link voltage 

from (a) 240 V to 300 V DC and (b) 300 V to 240 V DC. 

Fig. 9.29 Harmonics spectra of supply current at (a) ac input as 220 V and DC link 

voltage as 300 V, (b) ac input as 220 V and at DC link voltage as 100V. 

Fig. 9.30 Steady state performance of proposed PFC converter fed SRM drive at rated 

speed operation. 

Fig. 9.31. Test results as Vdc=300V showing: (a) motor current, (b) converter producing 

two equal output voltages (c) wave shaping and unity PF operation at Vdc=300 

V, and (d) wave shaping and unity PF operation at Vdc=100 V. 

Fig. 9.32 Performance of proposed converter with different circuit component 

operating in CCM and DCM as per the selected design. 

Fig. 9.33 Zoomed view of Fig. 9.33 demonstrating CCM and DCM operation of 

different circuit components during (a) positive half cycle of the supply 

voltage and (b) during negative half cycle of the supply voltage.  

Fig. 9.34 (a) Peak voltage and current stress across two switches and (b) zoomed view 

of figure (a) demonstrating peak voltage and current during each switching 

period. 

Fig. 9.35 Test results showing: (a) vs, iLi1, VC1 and iLo1 during positive half cycle, (b) 

enlarge view showing vs, iLi1, VC1 and iLo1, (c) vs, iLi2, VC2 and iLo2 during 

negative half cycle, (d) enlarge view showing vs, iLi2, VC2 and iLo2, (e) current 

through all the four inductors showing input inductors in CCM mode and 

output inductor in DCM mode, (f), (g) enlarge showing discontinuous 

inductor current through Lo1 and Lo2 and (h), (i) peak voltage and current stress 

through switch sW1 and sW2. 

Fig. 9.36 Dynamic performance of proposed drive during (a) starting and (b) supply 

voltage fluctuation from 220 V to 170 V AC. 

Fig. 9.37 Dynamic performance of proposed drive during sudden change in DC link 

voltage from (a) 180 V to 240 V DC and (b) 240 V to 180 V DC. 

Fig. 9.38 Test results showing change in Vdc from; (a) from 150 V to 230 V, (b) 250 V 

to 170 V and (c) starting dynamic. 

Fig. 9.39 Harmonics spectra of supply current at (a) ac input as 220 V and DC link 

voltage as 300 V, (b) ac input as 220 V and at DC link voltage as 100V. 
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Fig. 9.40 Power quality results with (a)-(c) Vac=220 V and VDC=300, (d)-(f) vac=270 V 

and VDC=300 V, (g)-(i) vac=170 V and VDC=300 V and (j)-(l) vac=220 V and 

VDC=100 V. 

Fig. 9.41 Steady state performance of proposed drive at rated DC link voltage as 300 

V. 

Fig. 9.42 Obtained test results when converters is operated at rated conditions (a) Motor 

current, (b) Converter producing two equal output voltages, (c) Obtained PFC 

operation at rated DC link voltage as 300 V and (d) PFC operation at reduced 

DC link voltage as 100 V. 

Fig. 9.43 Performance of proposed converter at rated DC link voltage as 300 V. 

Fig. 9.44 Zoomed view of Fig. 9.43 demonstrating circuit operation during (a) positive 

and (b) negative half of the supply voltage. 

Fig. 9.45 (a) Peak voltage and current stress across two converter switches during rated 

conditions and (b) zoomed view of Fig. (a) showing voltage and current 

through converter switch during each switch on and switch off period. 

Fig. 9.46. Test results showing current and voltage waveform through circuit 

components with enlarged: (a) Voltage stress across two converter switches 

during positive half cycle and negative half cycle, (b) Current through 

inductor L1 and L2 and diode D1 and D2 during switch on and off period, (c) 

Switching stress across switch sw1 and (d) Switching stress across switch sw2.  

Fig. 9.47 Dynamic performance of proposed drive during (a) starting and (b) supply 

voltage fluctuation from 220 V to 170 V AC. 

Fig. 9.48 Dynamic during change in DC link voltage from (a) 240 V to 180 V and (b) 

180 V to 240 V. 

Fig. 9.49 Test results shows the drive performance during change in DC link voltage; 

(a) 150 V to 230 V, (b) 250 V to 170 V and (c) Dynamic during starting. 

Fig. 9.50 Obtained input current THD with DC link voltage as (a) 300 V and (b) 100 

V. 

Fig. 9.51 Test result of proposed SRM drive on the basis of power quality indices with: 

(a)-(c) vac=220 V and VDC=300 V, (d)-(f) vac=270 V and VDC=300 V, (g)-(i) 

vac=170 V and VDC=300 V and (k)-(l) vac=220 V and VDC=100 V. 

Fig. 9.52 Steady state performance of proposed drive at rated DC link voltage as 300 

V. 

Fig. 9.53 Obtained test results when converters is operated at rated conditions (a) motor 

current, (b) converter producing two equal output voltages (c) Obtained PFC 

operation at rated DC link voltage as 300 V, and (d) PFC operation at reduced 

DC link voltage as 100 V. 

Fig. 9.54 Performance of proposed converter with different circuit component 

operating in CCM and DCM as per the selected design. 

Fig. 9.55 Zoomed view of Fig. 9.53 demonstrating circuit operation during (a) positive 

and (b) negative half of the supply voltage. 

Fig. 9.56 (a) Peak voltage and current stress across two converter switches during rated 

conditions and (b) zoomed view of Fig. (a) showing voltage and current 

through converter switch during each switch on and switch off period. 

Fig. 9.57 Test results showing current and voltage waveform through circuit 

components with enlarged view in: (a) SEPIC converter, (b) CUK converter, 

(c) Current through both the input and output inductors operating in CCM and 

DCM, (d) current through all the four circuit inductors in high resolution 

mode, (e) current through two D1 and D2 during positive and negative half of 
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the supply voltage and (f), (g) peak voltage and current stress through two 

switches of the converter.  

Fig. 9.58 Dynamic performance of proposed drive during (a) starting and (b) supply 

voltage fluctuation from 220 V to 170 V AC. 

Fig. 9.59 Dynamic during change in DC link voltage from (a) 260 V to 200 V and (b) 

200 V to 260 V. 

Fig. 9.60 Test results shows the drive performance during change in DC link voltage 

from; (a) 150 V to 230 V, (b) 250 V to 170 V and (c) dynamic during starting. 

Fig. 9.61 Obtained input current THD with DC link voltage as (a) 300 V and (b) 100 

V. 

Fig. 9.62 Test result of proposed SRM drive on the basis of power quality indice s with 

(a)-(c) Vac=220 V, VDC=300 V and Pout (output power)=401W, (d)-(f) vac=270 

V, VDC=300 V and Pout (output power)=402W, (g)-(i) vac=170 V, VDC=300 V 

and Pout (output power)=400W and (j)-(l) vac=220 V, VDC=100 V and Pout 

(output power)=126W. 

Fig. 9.63  (a), (b) Power quality analyser results showing input voltage and current at 

rated condition and listed harmonics up-to 50th with percent of fundamental.  
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Vm Peak Value of Input Voltage After DBR (V) 

vsmin Minimum Supply Voltage (V) 

vmax Maximum Supply Voltage (V) 

Vc1, Vc1 Voltage Across Intermediate Capacitors (V) 

vsw, vsw1, vsw2 Voltage Across Semiconductor Switches (V) 

ω Speed of SRM (rad/sec) 

ωL Line Frequency (rad/sec)  

ΔiLi, ΔiL1, ΔiL2   Ripple Current in Input Side Inductor (A) 

ΔiLo, ΔiLo1, ΔiLo2 Ripple Current in Output Side Inductor (A) 

ΔVc, ΔVc1, ΔVc2 Ripple Voltage Across Input Intermediate Capacitors (V) 

ΔVc21, ΔVc22 Ripple Voltage Across Output Intermediate Capacitors (V) 

η Percentage of Ripple Current in Input Inductor (A) 

χ, κ Percentage of Ripple voltage Across Intermediate Capacitor (V) 

δ Percentage of Voltage Ripple across Two DC Link Capacitors (V) 
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