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VISION OF THE INSTITUTION

To mould true citizens who are millennium leaders and catalysts of change through excellence in

education.

MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and Research in
Engineering and Frontier Technology and to impart quality education to mould technically
competent citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to
imbibe discipline, culture and spiritually, and to mould them in to technological giants, dedicated
research scientists and intellectual leaders of the country who can spread the beams of light and
happiness among the poor and the underprivileged.
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ABOUT DEPARTMENT
¢ Established in: 2006
¢ Course offered: B.Tech Electrical and Electronics Engineering
4 Approved by AICTE New Delhi and Accredited by NAAC

4 Affiliated to the University of Dr. A P J Abdul Kalam Technological University.

DEPARTMENT VISION

To excel in technical education and research in the field of Electrical & Electronics Engineering
by imparting innovative engineering theories, concepts and practices to improve the production
and utilization of power and energy for the betterment of the Nation.

DEPARTMENT MISSION

1. To offer quality education in Electrical and Electronics Engineering and prepare the
students for professional career and higher studies.

2. To create research collaboration with industries for gaining knowledge about real-time
problems.

3. To prepare students with sound technical knowledge.

4. To make students socially responsible.

PROGRAM OUTCOME (PO’S)
Engineering Graduates will be able to:

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering

problems.

PO 2. Problem analysis: Identify, formulate, review research literature, and analyze complex
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engineering problems reaching substantiated conclusions using first principles of mathematics,

natural sciences, and engineering sciences.

PO 3. Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental

considerations.

PO 4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and

synthesis of the information to provide valid conclusions.

PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex engineering
activities with an understanding of the limitations.

PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities

relevant to the professional engineering practice.

PO 7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need

for sustainable development.

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and

norms of the engineering practice.

PO 9. Individual and team work: Function effectively as an individual, and as a member or

leader in diverse teams, and in multidisciplinary settings.

PO 10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive

clear instructions.
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PO 11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and

leader in a team, to manage projects and in multidisciplinary environments.

PO 12. Life-long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOME(PSO’S)

1. Apply Science, Engineering, Mathematics through differential and Integral Calculus,

Complex Variables to solve Electrical Engineering Problems.

2. Demonstrate proficiency in the use of software and hardware to be required to practice

electrical engineering profession.

3. Apply the knowledge of Ethical and Management principles required to work in a team

as well as to lead a team.
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COURSE OUTCOME

After the completion of the course the student will be able

CO1 To understand the different types of power semiconductor devices and their switching
characteristics

CO2 To understand the operation and characteristics of various types of single phase
rectifiers

CO3 To understand the operation and characteristics of various types of three phase
rectifiers and Dual converters

CO4 To understand the operation and characteristics of various types of Inverters

CO5 To understand the operation and characteristics of various types of AC Voltage
converters

CO6 To understand the operation and characteristics of various types of DC-DC

converters

CO VS PO’S AND PSO’S MAPPING

co | Po1 | Po2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO1L | POL2 Pslo on Pgo
CO1 3 3 2 2 2 2 2 2
CO?2 3 3 2 2 2 2 2 2
CO3 3 3 2 2 2 2 2 2
CO4 3 3 2 2 2 2 2 2
CO5 3 3 2 2 2 2 2 2
CO6 3 3 2 2 2 2 2 2

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1
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Module

SYLLABUS

Contents

Hours

SEI.
Exam
Marks

SCR-Structure. static characteristics & switching (turn-on & turn-
off) characteristics - di/dt & dv/dt protection — turn-on methods of
SCR - two transistor analogy - series and parallel connection of
SCRs

Structure and principle of operation of power diode, TRIAC. GTO.
Power MOSFET & IGBT — Comparison

I

Gate triggering circuits — R. RC. UJT triggering circuits —
natural and forced commutation (concept only). Requirements of
isolation and synchronisation in gate drive circuits- Opto and
pulse transformer based isolation.

Controlled rectifiers — half-wave controlled rectifier with R load
— 1-phase fully controlled bridge rectifier with R. RL and RLE
loads (continuous & discontinuous conduction) — output voltage

I

3-phase half-wave controlled rectifier with R load — 3-phase fully
controlled & half-controlled converter with RLE load (continuous
conduction, ripple free) — output voltage equation-waveforms for
various triggering angles (no analysis) — 1-phase & 3-phase dual
converter with & without circulating current — four-quadrant
operation

1 \Y

Inverters — voltage source inverters— 1-phase half-bridge & full
bridge inverter with R & RL loads — THD m output voltage — 3-
phase bridge inverter with R load — 120° & 180° conduction mode
— clurrent source inverters.

Voltage control in inverters — Pulse Width Modulation — single
pulse width, multiple pulse width & sine PWM — modulation index
& frequency modulation ratio.

AC voltage controllers (ACVC) — 1-phase full-wave ACVC with
R. & RL loads — waveforms — RMS output voltage, input power
factor with R load — sequence control (two stage) with R load

20%

VI

DC-DC converters — step down and step up choppers — single-
quadrant, two-quadrant & four quadrant chopper — pulse width
modulation & current limit control in dc-de converters. Switching
regulators — buck, boost & buck-boost - continuous conduction
mode only — waveforms — design of filter inductance &
capacitance

20%
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QUESTION BANK

MODULE 1
Part A
1. What is meant by light triggering?

2. Make a comparison between SCR, MOSFET and IGBT
3. Mention the turn-on methods employed in SCR.

4. Define latching and holding current in SCR with the help of its VI
characteristics.

5. With neat sketch explain the structure and operation of Thyristor.
6. Compare between SCR and MOSFET

7. lllustrate the Two Transistor analogy of SCR.

8. Make a comparison between Thyristor and Power Diode.

PART B
1. Explain the structure and operation of MOSFET.

2. Derive the two transistor analogy of an SCR.

3. With necessary diagrams explain the switching characteristics of Power
Diode.

4. With necessary diagrams explain the series and parallel operation of SCR.
5. With necessary diagrams explain the switching characteristics of SCR.

6. With neat sketch explain the operation of GTO.

7. Derive the two transistor analogy of GTO.

8. With neat sketch explain the operation of TRIAC.

9. Explain the structure and operation of IGBT.
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MODULE 2
PART A
1. Discuss Commutation of an SCR. Classify its different methods.

2. Make a comparison between single phase midpoint and bridge rectifier.

3. Derive the output equation of single phase fully controlled rectifier with RL
load.

4. Derive the output equation of single phase fully controlled rectifier with R
load.

5. Give a brief note on optocoupler.

6. Derive the output equation of single phase half wave controlled rectifier
with RL load.

7. Draw the circuit diagram of two types of single phase semiconverter.
8. Discuss the turn-off methods employed in SCR.

9. Derive the average and RMS output voltage of single phase half-wave
controlled rectifier with RL load.

10. Explain the operation of single phase half wave controlled rectifier with RL
load.

11. Derive the average and RMS output voltage of single phase half controlled
rectifier with RL load.

PART B
1. Explain single phase fully controlled rectifier with R load.

2. Make an analysis of single phase half wave controlled rectifier with R load.
3. Explain single phase semiconverter with RL load.

4. Explain forced commutation technique employed in SCR.

5. With neat sketch explain the UJT triggering of SCR.

6. With neat sketch explain the R and RC triggering of SCR.

7. With neat sketch explain the resistance triggering of SCR.

8. With neat sketch explain the resistance-capacitance triggering of SCR.
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9. Explain the operation of single phase fully controlled rectifier with RL load
for both continuous and discontinuous modes of operation.

10. Make a comparison between single phase half controlled and fully
controlled rectifier.

11. Explain the operation of single phase fully controlled rectifier with R load
with a firing angle of 60 and 120 degrees.

MODULE 3
PART A
1. Draw the circuit diagram of three phase half wave rectifier with R load.

2. Derive the output equation of three phase fully controlled rectifier with RL
load.

3. Derive the output equation of three phase fully controlled rectifier with R
load.

4. Derive the output equation of three phase fully controlled rectifier with RL
load.

5. Design a converter that works in all four quadrants.

PART B
1. Explain three phase fully controlled rectifier with R load.

2. Make an analysis of three phase half wave controlled rectifier with R load.

3. Explain three phase fully controlled rectifier with RL load for both
continuous and discontinuous mode of operation.

4. Explain three phase semiconverter with RL load.

5. Explain three phase dual converter with both circulating and non-
circulating mode of operation.

6. Explain four quadrant operation of single phase converter with both
circulating and non-circulating mode of operation.

MODULE 4
PART A
1. Explain the operation of Half bridge inverter with R Load.

2. Explain the operation of Half bridge inverter with RL Load.
3. Explain the operation of Full bridge inverter with R Load.
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4. Explain the operation of Full bridge inverter with RL Load.

PART B
1. Explain the operation of Current Source inverter

2. Illustrate the operation of a 3-phase bridge inverter operating in 180°
conduction mode with output line voltage and phase voltage waveforms.
Derive expressions for output line voltage and phase voltage.

3. lllustrate the operation of a 3-phase bridge inverter operating in 120°
conduction mode with output line voltage and phase voltage waveforms.
Derive expressions for output line voltage and phase voltage.

MODULE 5
PART A
1. Explain the control strategy employed for a AC voltage controller.

1. For a single phase ACVC with source voltage as, and load as , draw the
output voltage and current waveforms if Thyristor firing angle is (i) a=30° (ii)
a=90°.

2. Derive the output equation of full wave AC voltage controller with R load.

3. Derive the output equation of full wave AC voltage controller with RL load.
4. Explain the various methods of voltage control in single phase inverters.

5. What do you mean by PWM? Discuss the advantages and disadvantages.

6. Define the terms amplitude modulation index and frequency modulation
index.

PART B
7. Design the full wave AC voltage controller with R load.

8. Explain the operation of full wave AC voltage controller with RL load.
9. Explain half wave AC voltage controller with R load.
10. Explain Sequence control of AC voltage controller.

11. What is meant by Pulse Width Modulation? Describe the various PWM
techniques used in Voltage control of Inverters.

MODULE 6
PART A
1. Explain the control strategy employed for a Chopper.

2. With neat sketch explain the Type A Chopper.
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3. With neat sketch explain the Type B Chopper.
4. With neat sketch explain the Type C Chopper.
5. With neat sketch explain the Type D Chopper.
6. In a step down chopper the dc input voltage is of 100V. The MOSFET switch

is having a switching frequency of 2kHz. Find the duty cycle and average dc
output voltage if the turn on period of switch is 0.2ms.

7. A step up chopper has input voltage of 220V and output voltage of 400 V. If
the conducting time of the switch is 100 ps, Compute the pulse width of
output voltage.

PART B
1. Design a chopper that works in all four quadrants.

2. With neat sketch explain the Step down Chopper.
3. With neat sketch explain the Step up Chopper.

4. With circuit diagram and waveforms, describe the operation of a buck-boost
converter. Derive expressions for output dc voltage and the design equations
for filter inductor & capacitor.

5. With circuit diagram and waveforms, describe the operation of a buck
converter. Derive expressions for output dc voltage and the design equations
for filter inductor & capacitor.

6. With circuit diagram and waveforms, describe the operation of a boost
converter. Derive expressions for output dc voltage and the design equations
for filter inductor & capacitor.
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MODULE1

SCR-Structure. static characteristics & switching (tum-on & turn-
off) characteristics - di/dt & dv/dt protection - turn-on methods of
SCR - two tranststor analogy - series and parallel connection of
SCRs

Structure and principle of operation of power diode. TRIAC, GTO.
Power MOSFET & IGBT - Comparison
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MODULE 11

I

Gate friggering circuits - R. RC. UJT triggering circuits -
natural and forced commutation (concept only). Requirements of
solation and synchronisation in gate drve circuits- Opto and
pulse transformer based isolation,

Controlled rectifiers - hal-wave controlled rectifier with R load
— 1-phase fully controlled bridge rectifier with R, RL and RLE
loads (conttnuous & discontinuous conduction) — output voltage




Set
fub AW ® |1 © ,to -1%u&

= <*&, +sc&01 w4 *E2 * w

2a =d,2a +<W +*&*.+ 2eao, O " (S3

2a rckAN-y £t6ot AC 3a™A ?2c¢hoa [>«w O]

3a.- »t24 +2¢bol-vo<i”™"- "N § "ice.0l

3a-°¢<v2 aXo + 2 cfc0l -1 ffcfeoa
2a [ <& +°0] = + N 60" IcE>oi
r 0Czlg-V Scfec" Mcfeal 0
)_ C<*.+*O
*W N © , toa N wVm =
IWm v no cmfacfro0 <6 Sen.
AW o<tV o0 )2a A0 " AndfloA

AW sen caax W an.ew urfft xw Il o2

CU\\Mite , >,
*3W * acWvl W *« N~ W N-ve «E«

pw * W oA kvaA

O\ a VAW ~ o 9 AW ~ i rio¢

Co~cEofl 1& -k V>>01°&



CUS I Y onooU uaM ni 9% c JeMS
" ou> Viol&n® CLOMtCJa <

A Vdhu-Oui. i*Viyucrudj, "o? Xbwj'rtg-0™- ('Comrmifedco?)
a 2>Ch

) CIZ8E J\ CoyMyrudiOK) - XOOML CornYtfufeliov)
2) 2> Cotvinlufel*o0 — Gix*mulcfcoo
CaU$ C — GMroVp)gino0fe *  (jatdigiaCa)

4) Ct<U4 T> CororruAcCtio0 - [ErryjhiW (Lromafefeco
5) Ocug £ CoyoyYulfeZo® - £ kM wa3L'PuW
6 CWS P (Nrowdjufefoor) - luri£  Coronmyfoxdoon

vLo oti™ "Xd %a3Y)-0™ SC\i 4 Contefeovil W &alL&fie2

oM 9 [ Im
| Voftage aypYeL % SCSI W & «
\X 1b MjCoNeh ub> W )ockia”

X athtoviYg )oa2. Coiwnufellion a &H, -V tonww\\\g
CoMExr& L a"L C Co**& I w «ont 0S

fe laad&*

i N% -



oD

** Y)ygmi % & -Wu IlooJt ~sW vce a/\S. boaeS. en ft. VoW

A Co?rucfcoin  vo>u<&.
. icfa "Ou3 voluf c” A anS. (2 CooneS, o> %&&d
* So* Vugb value ft, (2 a/N3t » <coooecfcl 60 "V uuit.

* OhE ~@nlla\ FruuLMxYwit fooaW Bl coYY)biwaSoo &

rtffv8C , O N*a~ Ci*CuivV VYUci be cua”™cW ryp&i-
VIW D Mwa cbcu2ti amt efgiztdl “ow ) 2)d &ocalE; a.

CusxXiioO™ b"™ fte ywA~M Aoton 00 ctloose « fin oot)] be ofc&uoA.

(kX 0&i oW ce-
*(fau CuWvjelfc , evicWt ~om <fe ">W j)E,W Xfiro VaWw
3 rpdNvit A oW e b¥oe AoaMY)0<3M2aMof ~tu2int bV
(bvaYY~eScJe0O
« (nfca)\cj Sowsy IORa™e Vs ¢ W N CapoAW C io votta'e
o DAISL T>ldfe T>c&&NE> al$t onaiio A et

Load



T, oa & \-0) a OKWN CoxwH SO

N Lo B g&OoA .
¥\9rft®. 'h IVArVs , le-0, =0p.
¥ 3r0* tnjoafcryy AW  &ommufofoon 0 T, , TAw at

| - *

*W oh <J*-on, & Moaanbh GE&MS IcbeMviA 10 Moo M ovt?
(2 dStaou™V Ta,L an§t hock e C.

= ~As =9p*S«M)c0o* i,
\ \  p&coob.
* W)\ X CycV &4 ~oro inifeovV i >lc-0 ,Ve-
Ns 0/3t [M-Sof
¥ 9AA A heckas™ Moxr v >NV A
[T iu*n28L & "N

A3vga veA- L 29Vt W4 (pWfe Vv (po&kve yomfc *

.0 g caomA I nooo oub)” up NoxouoW CLH>

*

HAE ik Calyjt It GrR> OFiO&Ltib [<&27U)a"

Cu**vit o\ <T,, V.ASo-ic) b ~ N Nag*if.
¥ ‘Lokin Ic - ke 5 <10 0™ T, a oW

a/\

3o ~MafcvV  Cownui™Mco 59 m”™ “ooalt): Cxdto'b £p

wvuit be “eafc 4W 1 200



A dD -ttt ~Oto V,
C:L an& 2).

* Qxipaxi®o® teM'nra cWsgor) )ikutM® Movr> -V A ib Xcho A
AAandi -Wiflo ~ee V), A VS > &5 a 2&sxit A >VA-Yg a*A
NVt )R

CACUA %&Y)-0™ Xjmt o| * a "Cven \jIj

- C
£ 0

CiHi$S C fcynrnAA0o0 :

* 50 0" Cornmatafen ,a &CS$. Cdfl&yinj Walr
. a torom ™ VywW W y & Jod <Ayt A
JYVAraiyl0 ¢SCL*

2"t VmQoU , M5 of % COYDrruSafe ATp. ffIA Sulb™*UjerQy
MEDg 0N % CoxMrnxxibfc T,

> IOWyi ‘® "tu>vaA on A 't"o &4 ocoing
M)OUN N N N2 |
b, ivle - Xs J
*V'W  CoepcLcfc?? C CW glng 4Wugv> ©.F Movn 1750

ar3| CijMAjt * $™M0 by

irf>» | - *



11A

ickF (6) M« 1*C
1.4l
N - y”"- -1FLk @/0 .
) 1
\s
0 IC -yl i-S*-4* Ft '
% -
Ol \IS ! E |qJ c:
W
Vs[2«-1PGi3  -pj-icj
(k |
Ita
i
0 +
L_Jfb dL";#"V«jc Ul IV, NT Ra .,/BtC
" - W fL |X Y ?ZI%L)-W«JC
T tr B3
’ rXe\ T2 oF

e

* tonMerA*! puW | ‘kostixarik CM QWX

\c NI ZN\D
AMOMN 2 & ony & wih&a \OR& osm$ h

ap?iml autic c*p«da W <% <tfu. & <"

*IVo cW g;" o\ capaedj* kV«l oW Am>MN %

A )oc& maVitg MVt A !
UW < u M s, dadwgung ecmiA 4. cMvuto®

W ANvot-aANM Y 30& W -



15

mtWiock, an Oud”™ && % 15 “"UisA A

ComrtvCfafc' AW T™*n &C<ilh =
*<kLHa% A AdfrM vV x> *  QUo"A 1D

w (Witp»4 % ~ * * " _

+ bti-, . .
AS<in il

1o a5 o

Fhow<cg * N ogsh oA A euMT -ttw ML A

>0 rpot>: :
0 JucxA ¢-M Mt 20 >4-V U *-M
v) &c\abgi*3 Chaclfes. Critofc Ic L *L" "™ J

UAL <2 U A
e - NV T I ot - 2p Fio A
) mooA AV urmé&M

&tz o> et tT" ~ N vt - appoil
*«fy» Cc™W% W ¢* aA -«



*\7% & "tu*n"L on ankL 4W capacitor &toofe
CAcVonjWj Qdit making T, % W ~Uam| oh-*
* °Koio To “~ouj& -“oajw C anS T* *
* AMe> dompVitl) MscViotgwaa <WE  CPaEife>> cupaifc eW M
NorO  -\s Vs o
Alte> &otmtrnE o?) o, TA > outn&cel o™- an?
Credt thn-of "W * Mfon a>te.
*1W type ol tonmJfolJteoo a ajso ca®W au*wn
CowvutatoO /voU&ge CornmkJtaton [ <pa?>a)let QatyQ¥ab coro™ "o

Cloi& £ Connmcdafeon:

*To Thu "lypfi. ojt CstnmufcAcon *& ipdie lolTare A
Moyo 8 S8EK88X "okage Aou”™ fe tan <M. -fV
*Plev. VAN Notagh <%
wyuo Aotace ay™ N, a <Sla \oftn"E
- GUUXIBXY &uppV].
*SCft T a Can’cfeyj

Onot "0aA U CDnmjSd "t \a
XWWi To*aTiamt on>

V.9 T oin$l £ “o3mo 0jO. OMCIIIaW |

EDC<uo »
*(ipac&o C h chtfi*2t t> +iV, corft uppe* plat potW
y-To tu9>n-of T| >Ti to ~Wgoj2heA Qré& voUagh

pptaM QDU % 0J" taru Jr dg- f



y QyQodd?> Meoagh iU Joas§,

djo& 9 &Yt>xYuAxUon -

* N\Wa iype. Cx>rornutdfeio a ako knocon oa vnafc4al

CAVTArYvifafelO o

* (TVu& dan. occu5) on)y u>Wn Cjory™ti*rD, ("~cu ife

AXOYT) ac  &ou%ce

- N> »

oW 0 OF g oM E

X S-LOiurg (j)0BvtcYE Y*M Cyck 07 t-pW*if &OUICE
cowWn feggeaeel o

-if eft uA - rr, ac vo'Sta®™ "bitoniii z&o ovd n?iSive
Vvoit CycV Wg'i'M, -V teu-47
F<itaom o Me Vo% o a, appU a*o» SC% oy> A

o wvteg & W )4 °B-
Tk Mem'bW Vive +%  WLNOIMAV.aih, &C51

W s ol tomufefeo u oppW*- A ? ~e
Corko))Si u&Xmm@Ooftaje Co<fo>)W % >-*oton

Cy*oCo*mW*



* A Cowmren we”ca c| tuning on /
@ Qdjes V2D, *iE CAn b€ w9 (M H3p
cf ~d\Qoug wvnrfiiocU.
" clhalfc
D) fe&I&QNCe - CMadbxnCe (Giwr\] CihCaSu
-) 0*3N @ ACs =T

*5N0 B> &mpWh OrS. miO™ economOm™ Ape @ NCUAg
aNx A Mu3™t Nooo a Wufel M7e. of oyvjlt
Cded (*0't 90 )e

X M. moxt ba&e *UI&WEeE

ft2 & We \fauebV
INifance> ft & ifclo\)Zing
Fihxe-Oor™ ft ~
>UVkv)ce-
YY) of ft, &io Wi/ <L C&aMt' *B
a qdtyz “aWw e
Xft &AU Maf® &UA) a Ml 9%vet madmun Vo\&age
Jovop -re Oloss vadt “ag™ 1 wW\Gmioy? po&sW g A Voo

'ft,>"@ﬁ) 0~ <jU cft'E’A V
Van—X4g8



X0

V 3 2N 00 ~
\) <N6v
N NPTV
N 3?2 N0
\ * > 5 oa jyyd N Voftajg
oW <y ok H * >m *** <e ** N\
01 & &Ml A

Vv ,myVv W iIScR LBI) not T/ -0-0n.
*O\Ws wakes Vogp -<V =

V«b&> 'lofcgg t e
_L» . 10A V -\.V .arfk SCR Roai-00.
S, N « -»M* ..

a» I« -a * »> T X
a gr a g&cM toMS"™” YST>'>
.>* lW/\f 1T £ 0 -0/ .
\' WIS T o>« @ Ben B 10-

*1Yy y* o r\e "~ be 9~ A

-irvA.fR.+RiIVw
V-&8MN ——=—



* N w NS Kouseve>i
NMp cb *"3M be.

XA "\, N, 3N Ot ') o™ A 5o 2
* %L MMES Confeo\ by Qeatffaw
0&QL2r can W o\ CorO™ by fu,ny Ci*a>3..
* 1W & AW "2
kafy-uxXJM fege?} OXQuit*
* 2by Maying %1 vaW o
A A Coiofeo))” }_}'mﬂ}}_:
y*oxf) o ~to )&$e ' R &2 N
"YWyl - nlf
* Aijocbhb 5), a luc®» ‘P W i V~TL'rI O LJ
C

rMXf "Mdk”ocon o\ ca”“o”cib gA

Auricfcoo rifiMujh 2b. churg <&E

VEgalbfE WE o/P2'
X 20 <$u ngaljivg batf eycb 5 C cWxyej <WugV 2)a oco?H

lou)» ~at "O&W "fe 9 @k Supply Yotbup Wm 0A =-90*.

=+ gnnny (00 -90 ~\g (hjcMa&ej “owi -Xo *tb O , &iKu)a5>]

N oMa\U Mro  \w Mto sovn™ Wie) Vaw - Oa.,
“WBWrl obe, MacWiocot-o an& i&toftti inCMMtnag ,C o>

cCW>ge <daoua T 1.



2\

“*V)WI \)c s SSCSl G asfi ate> ~ub>

VA3u a &mall rpo&W Vo)icuje,

ut

LiSI.

: ‘“:l% Jar v X v>v

1L GO0 cWextw AW 00t >'baie™. OF) <AN ValaN

AZA AU mon YOWL Wker* @ "W <BE Y ..
Anxxyx Yo Moot A
Qufex™ 'VolW ix D ”

* 5/\1 a )e»,y**?) * W N\ N\
QiSpti g mx"

1)33  CtecO)dfc* ~~33123:

MU33 i Q WV)j e~"CuW O (k "W \uvig
4 to AW “arge nar>0e(@OO\W
* SWvWMe 03 3 -£WMts mjalLvh cWa&Wfecs>

can W u”el ap £&ci)\dvw!

N\



XSIgUL ZotaAl @ ikiatwri o] UJT thaskt™ o

Jfal 0&Ci.%ath5) fAO”e

* AW)Cer Q,,02 OM Small  QrQquifién
A Wote)YA. MAEW)Ceis <% PAT )aQ2e*
I*£WG>(yng Astance Q W SUA> cfe |Ctﬁ/\

iY)W& N <W cWa&Wifof 0% in-«V rvyfce »'>*W

-*\iW i s ap~hecl , cacdo™ C \Mni N cWijg
YoM A

X WWig, tmib& Czauh; o 73) ~ ~ open
CuhCur R A

N =VIe=VM O -e-"y

*V>W  I£ Moudn 92-90” Voltage \ - ~aa+X *
U/Ujunc”0’O ben)O" £-~>\ truz™"*dbLon.
a , U33 VREw-ov <"3- C < $lj c~cW N ~joc™a

Jooo ~vafeuoc”r 37 e



22

FOU2Z Swap 4 Noogasn MpplfiL
Opi'Coftiolh. cACuit o o/i &CR. ®%= W >- & on.
4 10W Wc ikuyi -fc. Ma”et)-pcW It .em itter
y k W)oos 5y o4 DAT Lsnj ¢%'
ccniwi o> gi'fw

Zt-fiC ov$. Zx~9AC LT <T']

*Q .&I1IW e Q_ tt (ften ~3

oo VL <U frmm="" VY
Ny lv
<SuocWoyilrer A3 A
S)Ma fe,-@F «SWhoac % onsS. prvicy Vv
*<oow oou % A \ c > o- 47 e N A

OAts. '6Uoa. a A °© 3 f>-

VoW JUBSU A o dip M F& Fer vo& Y D

, gJAcW N Wnb,

R >R2
£ B > Pulse Tronsf.
V2
|
\b:/l--] - C£*£_| OCl VTO g]q
2) 8§ “0G2
~ogh W, 2 -0C2



*\ b applied cCWAVrg c&cJh Q c. capacrfo* c
change* -ftaougb 9- tmU) 03T fogg** Voftog™ Vp.

NAW 03T WO en&ort anS. C  ddidi&>)(jQ8 47ixoagh
MtT z™sUo* aluL QNrONJy <& OQuW ianJo?>wm.

*%& coio8”™t A N rpaW 'kaw™oJwwM WKE fpaW Vo&aj™s

£ AW .

* SC* «vft <**§* (XnotU softraj. W ««-

\Le ConfeolleS. k I'Ag N
& ok oN N g V¥ Ag

argvV Gk \x Corteoll» ~ 150
*1lks r M S\ coviKovirg -a aUo cal  <enp> <r?fed'

I”uunctov) CO3T":
U3T U rofiSa up o\ an m-tj?*. Silicon W i urwkKk

ip.*e emW U anribc/I-
* 1W Yvtjpe ba*e & }IMiy depet ooWNaS a WVilg

D Qe CoflWt phol\§US ~ <247 er$. <&
SQESAL J> QI V)C&Eteo hi *



1&

AQM A oM A inWt A QR R A
N Ab Ax'po™™ A.
Eta-pcint 9 82
§ Eta-poinl *?
o-typev Rx ,Rez
EO- A C _|_5-(<-A|-| Angﬁg \BB
n-type \& le rB
u. 4
0B B
@ ¢ V]
“\3W a Mi&ge NI* * apM <***
jjottit A A a 3"* by
N**> oY - N
N, o Q.. fefo
< <& a, 8fc*A-°« ~ ay'*
A r - A W
-V 1 0N SAN*T <» & °'K! °rLa'
a , - »»fetee » * . «» ~ N TEN
* W N\ bl ]
(WoWn oil D ™: . \M\gA

* U3T * uilUly ©O?*$&. oaft » £ N *

rposfee U»A »**«* W A

"3



\LE

Qb & &“*x* cOmMVIEmM &

toiri >N7N'IW ) ax inpcot to

-

Negat .l
Cut-off  rresist. ..e
region’  Acerei-i-1

urt m \j-f-—-i— Saturation regi'on—wi.
“HIsR" ' \EBVIR IoGC E €' :
V\'é (pea. (-euni) CI\V3b+vDI)7_{y
o f5R, Ipad line
-0 >j A >' k\f
llqdz h I -~ V6b ' "
"t B

* Hg mo™n~ch 7oftage a £ Vau&k by Ji"uWE(g

* ANpbb > & fioS&ixe. UssSe3,
&l €N QpAit le ib . EcBA\E 9*N3
* O<S N loco Lx U oW wstefe.

m*\AV)EEL tefeoec/) £-&i1 ~wnetoo & tzgt.

* oW-jftak U3Y £xW)ck *ib a motvlt u>Wie
Ye e*c££&3£< 9;*\ b? £ 0L ujo E-&, jujoelcoo .
xY)WA Ye~~AY~"N-v YN ;90'W 3b alvl £-&>
jufictio’o WASS *k -SccaasS.  (USdSal
porft & CAXeS 9eAk-?0VTt.
Ye =~V A-vYd QW .~ ty varying ftE dyN
Np U N-eak-poVIt voftay--

AV NYX owrtt) N - gmifte?) betMk injeA KoW “»oum
£ Lt b<UE b, e



n-“fpe W U Irgvsth Mokd **4, git
Or™ cW)CE to wxv=huie JSo F» U $\UeSl uip t0i'4?) aSJllfconal

GFREN CHAN)
a >&E>, a>4 4fci ~c3l on ‘W Couu™
pctiow eta (oMt A '"to tWataAg X ataoib 4a)\.

XN \jf£ U Qowitaot J 5°\ w X 22 "o mo” g,
tifecfcny nj02 VW 0/3. Ctd) WHUrGZA ar”.  dftiS (jnGaLy,
@M N m e tb &w® Vaw O”™opo *k-Q-tb a”ujoS.
1 fe 257 -

* 0% 1 qvin ku

. VN
R VE
* NS>0 W a Qve*y oW value, crhcafcl Vi

povt C,AW 033 Wu MOawW3 "Oo-dak™

X Qovfc d I Ciflek \a\ley- Point ani anW We ”“ion &
Natu3atol. arA Camot <k9Ese any meoMe
X 033 i cn ) aMo> Valb™ print, an inoieau
N X cuxot/ipanle™ ty an inXitfa&e in St anS. v iI/A-catS

ta arwe CGl.

* O>cto02) P>~ a¥l C X XU ar 9e noVaied an&
033 e*Vilk*it voeatve MiUianee.

r-O3u& ?»on give 033 49£ &FIdVw
me w &I c&auife.



tfNalwj-pmA O”sunt a X jJM{ O¥& @ aUo

N\ W k , w * N\

*V>Wi S* MU Moco Sv , urr w -o ™.

TTaACU,

* SV Ga bi(Wtioo& Stoice of* W hrx”, na«fy
M<), W > Wni«&} M-TI ao& ¢, (fs”™ -

*\OW1i1 bo ap”akoo,a T9-2AC U eMaivaWc fe ibao &Cfts

(00)
ATOAC UAW 0N &*«& Wy Qrowao05 TOlak oM

AC

MT?2 positive

g2 > gl >0

AV b0
N2 _V’S_VEQ‘. |Jr/\ y

D

17
&

X\o-,Hi oo ~ -t. g& , AW ftps.AC oil Wock lootfl v*\t-
AN A<M D of* «FFEM KW S

HW No% 1 W U A Wcem* Vone °\ A 01

Nwi o\ #* ~MNIW .



=\ J Q. 3JIow)w

FO0 PO
» v(PAVAPOA o172 A\A Y\, M

0O pneon,o. 06 N

M ELINEL MBAAN

% 0“'\19|
------- )
1Ae Al my Aot
T oBALIAN
Wl
Ml V) v U\\-SEI6 OHOF< 1A,
@7 l) v ([Gox<
O xUub
v M N
> #SA MW U & &S0 A v AAdOoN
v nwil &P @W@Z‘
<JYv.(BBsm:
9 $x8I>1E v » N
S A v «xd\s
nius






%!?i)")w\ ZrV\I(]O/\o/C\) - 0
SiH.

X .
N G
H
— T
Pava®
L
T1-v

1 n - o
N\E
oonyoW 9% [ UuUA, 1
-«Itv 0oNIM oy %ilve ¢ M. a)p 1
l o v - .

KAL TN AU Qe

4 S

%0 AONF VG«

x X2, Ao, do > o

0oy - (K Al 2ywWyw Aul
NN dT v - Nx «
, -uszym N \o - O, v - Ne
- Lv - NO A, AWN\FUH P vo <M
BiAynolon My 6 x
A vV vhe¢-on o1 v -0« dIB] gdlb ~ynuiyl dy-

Ov ~ »v.1S N, db v el



totca \o "

g -"paxX

SCO. yioxs

Jtc oo 2

x* a U cW to~

N&, —a+"

1, VIA T

* N O=
0. _EO— 1

N

cFA+ULT)
/. CF -

\ml\
Ui®

1 >UsWX

r j o't



[0-0]%
>N0)) Xe MO

" >ho :C)‘v:l- _V/L

!;l—_'-“ x>
= > Bd BoylAy —  v2
L - N2
cc 1,>|\/ \/C-,m-nl_ 1/L

L - vt M/~

- "\ o ay.d -/S>»>Ny)
L (L AN 0L

- My QT

c UPNB<A>_~ 00 0o/,

O g [],p,niold

> Nk LO0S$v Nndfl
NIV~ xs.nd U ol v

F
v v &<, 60v-BOSOD N, Z.
o |
K= v
"5 (INDLTDY- SIS MW - 2K

SN<<_ 1) Bbnlan =spK -00lJ,



r. - 9+ ALY ©

g\ A owmm A

4= X SvO

~. v 01D - N P

A0
--yN-¢«0$ 1- <>) v

”VJ—I A n @V @l

C N 1 AN ‘kp>» -sAF
U, - I -ull sni~L)e e
aon A0 ITHb \v,
= 5 MB - = p1

\v} ¢ _J)\

210 (IN=>) = SNB-F>) v o

-(8)



) ONDIZ COOXLO R, Ok KL 1AL 2-Brg o~ vedle:
R0 WA /. hx
. an N 96 hI &
ﬁ?f«/\ X

MR |, W Oeayg o

« NN .SM v v Ty-A
a1 1.. ¥l A--"N- >

MW\ U A AN v MM L ‘O0M OM

\% A 1 0 u Ja v | 1 ndb v tn , N
Ll v 1L O~ blego4r Al
> O L WWWALIDJ0
»* v o
\V4 v v v‘</(°
OONRAOO:
N/ Vw \VJ
‘90 a

v T B Z15+0l,

>|o ~ 0
So L(uexn-



XON\,,Ch,OO0 WP 3

o \o DE.28NK.P)x PO \ 260w, - T ce ¢

d=.,d3><,
N\RLE, :
Oll L
d.
-, <low Iki‘a=.> 1,~01F
LOONBONA O AT O
x NPl [pouddyyOv 0 IN<NLONDO<
* QOO &S wn (g,
M OIS cExF L, L A »> Biese
vs>104[, @smdA  Bor»xAamim 3} m 9 ) A W Mo
\ HOUk
== v
M c2hOde
» FOBLE F=. Av A el e,

0] qd, A 9%3F1p



Tv

o ISA\BI-p, aebirdm, m |
v OBAN d, o0 s Boen b6- p UENEH preobi | 1
SIP\ .
AN v B POUNKE
v 1< 100, -
arslpinse
Ix— —
v X\} . ) S>°‘17'_ [S'ésﬁ<w !
—
\SA\X@y AMNS [>T
OoMA YAISEINL ol o<k d
x v 00MIOve vOyA bl Ov OOv - A 00!
(vonv/uv—l <FNn PO Wy Ov v, % Z71S«x
¥ v @B Ul ) = L o, 6 d
JVX)U \/ -—K-G_IGﬂL.'n‘o
\[o - PN
lo - RIRD,,
v/(\_l_o A4 » Lo SO <UD VO_V_V[[Xd!_!O.
e, -

o -PwION,,

M @c:Wecoplelileo IeV DEDUBID BEE <A
d:sXw n v— Nl > zn
<-ONEDBHRAR, o\ 1.

ab - |\ 2o v - HP\6



v . 411X
d

i A
>‘|-n.°CLL_L

\)\El'l\/+-

v -4,

g AV

-1>,08 -

PN 4 -Lu

v ‘vAAS

Bl

IvvA S4

w/\ odfl

s€ s ° d

~vaQl non-

, 0lAhI<n 9

oo N A< B[ d

v A/\6 oulwm, 04

NI NeDIAZL. z.

I CO¥ A N

b ST V 4

W) &6 A

b, e d , -'n <l

<§d¥| A4

dv \o0yv 11y

Ix 6 v

6<v v MB L Ovl \9¢lélulz

11(1eye

vlsnyl % O0NyJ 60b = )b

nu VitV v/ ®



N/ [ *[‘I I 7 X o 1 :§ 'I I.>
- I
X

T v s Ok (VAR Vs 17K + 4

» OQENLMOO AN AU,

v v [vxxxdvh v YNOv

Txewsw o\ [}

2l v Loxx % wNObwww uasul (IAxdl NAe

) v IvvUNANA eI me T
_¥ra
ClsX € NI v P AL LAY S

73 \V<L~p/(>q>-|[V -
1%

N .cho (7
<

Nudlh. W X

A
=L



Bur_-cofve s w bAn:

W\ 2 o] i»l<« < \udhA m <y alhliph InO
0O M1 do.ddHI
& O.AI/L

O M\W O GA BOCOA U senionn s



<K 17
vIOvAIplAon 7. 26 THAIL J1onBuo,0n 7 %%
G ~<A v U - NFOL 6 ZH
«yON-0onyAId, 0e viD O PNBOD [voudy dl fepik
\VE RV B eQ Ud - 9¢+<A
A\ H :Inﬂ
¥o= XL VvSA0. 04 1P’ >I17>Nv( - L <SM
v d ' T
H S
O o Eh %6>]
) |
= o 1
o it NS
PDv— (1D ar <Rgys eon-gon ou) sH
H-:
AbohAiniol., ol e {e>vebd) Ova 1B X pb\<, POy
« (s PR % 00 N0y dbe>
MqN e OOoMbOH,,
* S\, UM SAVOAN 11 & o vO=>F

¥ x ¥.A” >¥AJ-¥¥«1

N/ IOV

v N O M <t T<a, 3dU0pIe

vony>oly[ mByfm oEvo G [006-1

o X VWV XX v <L =xh.xx MIC 1IN »is) 1
X~ U - 90 -

xJLIL <Lv $x vAD -y v ] v 0 > K+~

on Vv<l v j00f Av



L - O AL |, ¥ ~
I LoV VAW >"2- \WUS-0™- & Jt

<+ Y L.ada® y Y
o - &2 \b \&&Osfifjuruux& CVWWUt yyu&*3
@lo *+*]>nW>u* ¢ ™~ wu"3

VGAHCO Haot & N
Col - TvK*. A~ ~ A jjbVscorW”™oui CuXM”™t y*uz&1)

, T"oc fe 2.7"+* jjGonWow* C U ™t yrtc&T\.

0) ~AMnkmjor RS B (<LbauA Rl

7C+

N i -
oL IErourowig

Rl *.F( ﬁ(glr’???rlbvw) Ut

,I -Voltage ' -I'
ocfoss Tlor T2 N Z&l]/\ across Tlor T2
Na#A11
<«
V :
O VT4 I»iy|

4

XlouD U tiQt&"QA oS>
) oC<°[0 -<5Wk £Wo0o - AC *(WE€ \> 0>c )oa&
_ Nea*Tubw> WOE
_Iro a fe&Nd a/S. xGa ”"o*\fcve



) N>0, ~ Dpde 1) u,..ap Xob ZO9 M
- INUB |

-V I\ WRANKSE &P Lo 4 \CBAK

p) Ay NG,
V Xz
°=T1,,d LB, <LDI _ g
4 lO— v B
v 6€0.S< - DOSv> ‘]-_L!=803v
-n /
¢ — 3 . ¢ ‘ ¢ w €T T v Ao, ol
V”’l_ L <SN\ A AMS
- [‘v!—*-{vb. V¥:"-{««n 1v- C!nJv)[[v ol \-v|'!n!)
<l
~AaN UX, uMalkas €
cwnges v 1 U, W ("vi.
wmp) o v bBdipum
2% T )ooA lo L
A UL,
- 0{' vA\D CI_L_

v . $¢€v (/12 oovbalov (nb-

A (THIE B S D @D -

A P
*So
v Yo v
(O ‘
Vo A v [y & '%!
SRR
L * ® Xel>{I>1p T -



* W= o loanvevb a ¢

V4 {eov-060RB) + -~

c(O \ vi v x~ol
- V(N\ *:‘3 (l -
v ‘7 Bonyina(Lv010
"NFd
1. fco 91 vLouyl o |oid
\- - ot 1 - o %€
viseld — IN+ ¢ v +€
o ). - v
g\
/\
(11-A) &
= p@<..>HO- Al [l.- V¥ x
PV I DS D.
x v <F
U> MC ORIl MBIUAS :
x'Ako1y @olv,ve OS, dly@uadn OvwA udl'y)

dowV0 MO'%VE, vl U ONv W IN) -y mOBL 1
xS, styu owdm  , dfl ooysyO1 \®A1, v>/bne> oA oi«o

Ne X S






« [N LUy éd<n<ooNM(» on orby.

O v AL H.

19 1. S(onyJ[mA«o(ag AL 1 0o v
~M )oV
M vhoy) oy ®@yvvio/d v B,ynNllOvdy oNv)

WAZ, TOSTDK  >obngz,

¥ Lo vulAkooyyym

« BCVIOVO - <XvO0 v o« v 0O, vonbikibn “p>ne\l v 0, 6)x Bl
\0\/949 3.. (va'fv'v'J'Ov'IO.'v‘[
* \OJNG/l oo-v - / P, 9 v HDIOAv- ouob, )0 v ¢4MO9v

- 0., H11 VvET J A 1,00y -y v v =v +“e

xvG v vk «> yaixd,vHv &0 100N l1o0bays
[omyBioo 1 11Dl # %

LdINgM v=27Nx FOL 9ll¢ IBONLOSYy vOLl6BL <xv .o vNIV1IOS

v Mv N ‘!VO-JBJ.-O>» v v = N\S'V«('

) Lv) Kb v vy Ny Al Y I>BINALOOY NS
x 0J\ - « v /1 \dO, 001 vl v /\[ﬁ' vwn.r v>d[3
v \1-%-)od,.-D N S (O\ClAAN)

¥ “x % wvi(SOL \0xN vAL<,

*x %, »v= v+tA ‘[0 vT %3F>X AMmMA [1awny

fToya « by



fiy J0

vM<0OvV)AI} ‘¢ e, Iy (da-1y1

d. LSAA.

>'|oV.

« X0 wwovnbxupeb, O00Vdu,d 0«0, v Vv Oixsuobw d|” ., Aod1S,

v v SJum vo(N[Z3T 10 avily am v OONCHLII ¢Inb-
8 v-19v OM\xi (Wb v<9TF0iLA9  €01%y
x v vINv9vdlO®ed vA<98v1vF
\V; \V; Uc',JElﬁ\l'
> M\ \/ H v/ v &\ x3}MNED
9xBN \2d
) v o= \ n «3fo1L ).41
1k >A~s100 Of0! + — »
fo- N Vo v 30M 14D
MN(LXyn

- v 6 + VvOO-

00> O dIAH NaJgA

o o> 2% W 1. b6l

N\DBlva, . v 60N OIS\

o3 138 P o
L&A e
~~F. SN D e

IoV \V4 A-'I_V%V

WO SR,



WBGo e D)exchr | vinwoooa UbBl<ada Lodbe

S>0S. ' xdUumol  u> s
. 5 . up . v 1 A
X» \V4
- 1 \ v v Sac S N\ d:l-' ‘ 3*** '«
® dax v v
1 v dAxx SO v O~V
vE NS
' vGiln<ooox iy \.(} 60v0
x (Cov VENVNVW A Elé <~ Hyveshe |, JBen 6o
2% Bass
. cCak WL SV<IE
2 AWAUANOO O, EPDE>L >R
v
v Bo, [no NN 3 7
AAde-
oA, Do ki<l
>, opMAberQe
b (JuusiA>nL ojoodneee h
loud PoIaIN

vELO> - 0,



MODULE III

I

3-phase half-wave controlled rectifier with R load - 3-phase fully
controlled & half-controlled converter with RLE load (continuous
conduction, ripple free) - output voltage equatton-waveforms for
various triggering angles (no analysis) - 1-phase & 3-phase dual
converter with & without circulating current - four-quadrant
operation
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4-ofv.

Three-phase 3-pulse converter with R load (a) line to neutral source voltag.

oL > 250" Load voltage waveforms for (6) 0 <a <30° and (c>a >30"
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MODULE 4
INVERTER

Single Phase Voltage Source Inverter
Single phase voltage source inverter are classified into two types. They are
1. Single phase Half bridge Inverter
2. Single phase Full bridge Inverter

Single Phase Half Bridge Inverter
o In a single phase half bridge inverter, the gate signal igl & ig2 are applied to

thyristor T1and T2 respectively in order to turn it ON.

+
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e The T1 & T, should not be turned ON at the same time because it will causes
short circuit of the gate voltages.

o This circuit consists of two thyristors T1 & T2, Two Diodes D1 & Dz and three wire
DC supply Vs/2.
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e During the time 0 to T/2 thyristor T is turned ON by applying the gate signal ig1.
The voltage across the resistive load is Vs/2 due to upper voltage source.

o At t=T/2 Thyristor T is turn OFF by forced commutation and Thyristor T is
turned ON. During the time T/2 to T. The voltage across the resistive load is (-
Vs/2).

» The load voltage wave form is of amplitude Vs/2 and frequency of 1/T Hz.



« For resistive load, output(load) voltage Vo and load current ip are in phase with
each other.

o The diode D1 & D2 are connected in antiparallel with the Thyristor. These Diodes
are active when Inductive load are used and it carries the current when thyristor
are turned OFF.

(i) The RMS output voltage

(ii) The instantaneous output voltage is
Vo=0
Single Phase Full Bridge Inverter

R Load:

e Now let us consider a single phase full bridge inverter with R load.
¢ In a single phase full bridge inverter, the gate signal igl & ig2 are applied to
thyristor T1T2 and T3T4respectively in order to turn it ON.

F 3
g1
ig;r TIT2 P T3T4 >4 TI1T2 *T3T4 t
VA t
T, T, Vg
J | + T2 T g
VeT- > ’Vg"r Al aT/2 2T t
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T4 TZ —‘t

¢ Full bridge circuit consists of four Thyristor Ty, Tz, T3 & T4.

o At t=0, T1 & T are forward biased and turned ON when gate pulse is applied.
The voltage across the resistive load is positive(+Vs). Since the Load current is
in-phase with load voltage the I, is also positive.

Vs-T1-R-T2-Vs



o Att=-T/2, T1 &T> are turned OFF by forced commutation and Thyristor T3 & T4
are turned ON. The voltage across the resistive load is negative(-Vs). Since the
Load current is in-phase with load voltage the I, is also negative.

Vs-T3s-R-T4-Vs
RL Load:

e Now let us consider a single phase full bridge inverter with RL load.
e In a single phase full bridge inverter, the gate signal igl & ig2 are applied to
thyristor T1T2 and T3T4respectively in order to turn it ON.

¢ Full bridge circuit consists of four Thyristor Ti, T2, T3 & T4 and four Diodes Dy,
D2, D3 & D4. Before t=0 thyristor T3z and T4 are conducting and load current i, is
negative.

e Att=0, Thyristor T3 & T4 are turned OFF and load current ip should be positive.
Due to Inductive load the load current [, cannot change its direction
immediately.

o After t=0 the diode D1 & D starts conducting the load current i, flow against
the supply voltage V.

e At t=0, T1 & T2 will not turned ON because T1 & T2 are reverse biased by
voltage across diode D1 & Ds.

e When current through D; & D are falls to zero. T1 & T are forward biased and
turned ON. I, becomes positive.

Vs-T1-R-L-T2-Vs

o Att=-T/2, T1 &T; are OFF by forced commutation. [, cannot reverse direction
immediately. D3 & D4 starts conducting after t=T/2, through T3 & T4 are gated
will not turn ON.

e The voltage drop across D3 & D4 are fall to zero, T3 & T4 are turned ON. Now
load current i, is negative.

Vs-T3-L-R-T4-Vs
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The rms output voltage(Vorms) is given by
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THREE PHASE INVERTER

Three Phase Bridge Inverters:

For providing adjustable frequency power to industrial applications, three
phase inverters are more common than single phase inverters.
A basic three phase inverter is a six step bridge inverter. It uses a minimum of
six Thyristors.
In inverter terminology a step is defined as a change in the firing from one
Thyristor to the next Thyristor in proper sequence.
For one cycle of 360° each step would be of 60° interval for a six step
inverter. This means that Thyristor are gated at regular interval of 60° in
proper sequence.
Thus three phase inverter are classified into two modes, namely

1. 180° mode of operation

2. 120° mode of operation

\
-phasey
{2 ]

180 DEGREE MODE OF OPERATON:

In this mode of operation, each SCR conducts for 180° of a cycle.

Thyristors pair in each arm (Ty, T4); (T3, Ts); (Ts, T2) are turned ON with a
time interval of 180. It means that T1 conducts for 180° and T4 for next 180°
of a cycle.

Thyristors in the upper group, i.e.; T1, T3, Ts conduct at an interval of 120°. It
implies that

If,

T is fired at wt = 0°,

then,

T3 must be fired at wt = 120°
and

Ts at wt = 240°.
Same is true for lower group of SCR’s T4, Ts and Ta.



R

¢ On the basis of this firing scheme, the table is prepared as shown.

o o
-

:

R LR S R |

e In this table, first row shows that T1 from upper group conducts for 180°, T4

for next 180° and then again T: for 180° and so on.

¢ In the second row, T3 from the upper group is shown to start conducting 120°

after T starts conducting. After Tz conducts for 180° Ts conduct for next
180° and again T3 for next 180° and so on.

e Further, in the third row, Ts from the upper group starts conducting 120°

after T3 or 240° after T1. After Ts conducts for 180°, T2 conducts for next 180°,

Ts for next 180 degrees and so on. In this manner the pattern of firing the 6
SCR’s is identified.

e The table shows that

T5,T6, T1 should be gated for step 1;
T6, T1, T2 for step 2;



T1, T2, T3 for step 3;
T2, T3, T4 for step 4 and so on.

(Note: 561, 612,123, 234, 345, 456,561,....... )

It is seen from table that in every step of 60° duration, only 3 SCR’s are
conducting one from upper group and two from lower group or vice versa.
The circuit models for step 1 to 4 are shown in figure.
During step 1, Thyristors 5,6,1 are conducting. These are shown as closed
switches and non-conducting SCR’s 2,3,4 are as open switches in figure.
The load terminals a and c are connected to positive bus of dc source
whereas terminal b is connected to the negative bus of dc source.
The load voltage is Vab=V»=Vs in magnitude. The magnitude of line to
neutral voltages can be obtained as follows.
During step 1:

During step 2:

These output voltages are plotted in figure, in this manner, the variation of
phase voltages Vao, Vo, Vo, as obtained in figure up to step 4. And similarly for
other steps, is plotted in figure. It is clear that for each cycle of output voltage of
each phase six steps are required and each step has a duration of 60 degrees.
The line voltage Vab= Vao-Vbo, Vbc= Vbo-Veo, Vca= Veo-Vao are plotted.



Modes | Van | Vin | Ven | Vab | Vac [ Vi |
5,6,1 Y3— _?/S % Vo |[=Vi| 0
813 | 2 ;/ s _;/s ":’ V. | 0 |-,
1,2,3 % % _?/’ 0 | V. |-V
2,3,4 _?}/s 2;/3 _;’ V.| | 0
3,45 _§V3 % % -V,| 0 | Vi
4,5,6 _;/:’ —3V“’ 2TV8 0 -V, —E’

120 DEGREE MODE OF OPERATON:

In this mode of operation, each SCR conducts for 180° of a cycle.
Thyristors pair in each arm (Ti, T4); (T3, Ts); (Ts, T2) are turned ON with a
time interval of 180. It means that T1 conducts for 180° and T4 for next 180°
of a cycle.
Thyristors in the upper group, i.e.; T1, T3, Ts conduct at an interval of 120°. It
implies that

If,

Tiis fired at wt = 0°,

then,

T3 must be fired at wt = 120°

and

Ts at wt = 240°.
Same is true for lower group of SCR’s T4, Ts and T>.
On the basis of this firing scheme, the table is prepared as shown.



In this table, first row shows that T1 from upper group conducts for 180°, T4
for next 180° and then again T: for 180° and so on.

In the second row, T3 from the upper group is shown to start conducting 120°
after T starts conducting. After Tz conducts for 180° Ts conduct for next
180° and again T3 for next 180° and so on.

Further, in the third row, Ts from the upper group starts conducting 120°
after T3 or 240° after T1. After Ts conducts for 180°, T2 conducts for next 180°,
Ts for next 180 degrees and so on. In this manner the pattern of firing the 6
SCR’s is identified.

The table shows that

T5, T6, T1 should be gated for step 1;

T6, T1, T2 for step 2;

T1, T2, T3 for step 3;

T2, T3, T4 for step 4 and so on.



(Note: 561, 612,123, 234, 345, 456,561,....... )

It is seen from table that in every step of 60° duration, only 3 SCR’s are
conducting one from upper group and two from lower group or vice versa.
The circuit models for step 1 to 4 are shown in figure.
During step 1, Thyristors 5,6,1 are conducting. These are shown as closed
switches and non-conducting SCR’s 2,3,4 are as open switches in figure.
The load terminals a and c are connected to positive bus of dc source
whereas terminal b is connected to the negative bus of dc source.
The load voltage is Vab=Vr,=Vs in magnitude. The magnitude of line to
neutral voltages can be obtained as follows.
During step 1:

During step 2:

These output voltages are plotted in figure, in this manner, the variation of
phase voltages Vao, Vo, Vo, as obtained in figure up to step 4. And similarly for
other steps, is plotted in figure. It is clear that for each cycle of output voltage of
each phase six steps are required and each step has a duration of 60 degrees.
The line voltage Vab= Vao-Vbo, Vbc= Vbo-Veo, Vca= Veo-Vao are plotted.



Modes | Van | Ven | Ven | Vab | Vo | Vg |
I, Ts % | Ui % |5 —TVS
Ty Th _2Vs % 0 | -v. % ‘_;-3




MODULE 5
PWM Inverter :
Types and Their Applications

Pulse Width Modulated inverters(PWM inverter) replaced the older versions of
inverters and has a wide range of applications. Practically these are used in the power
electronics circuits. The inverters based on the PWM technology possess MOSFETSs in
the switching stage of the output. Most of the inverters available nowadays possess this
PWM technology and are capable of producing ac voltage for varying magnitudes and
frequencies. There are multiple protection and control circuits in these types of
inverters. The implementation of PWM technology in the inverters makes it suitable and
ideal for the distinct loads connected.

What is a PWM Inverter?

An inverter whose functionality depends upon the pulse width modulation technology
is referred to as PWM inverters. These are capable of maintaining the output voltages as
the rated voltages depending on the country irrespective of the type of load connected.
This can be achieved by changing the switching frequency width at the oscillator.

Circuit diagram of PWM inverter is given in the below diagram

W . | 1
|y

SG3524
Ic3

There are various circuits used in the PWM inverters. Some of them are listed below
Battery Charging Current Sensor Circuit

The purpose of this circuit is to sense the current utilized in charging the battery and
maintain it at the rated value. It is important to avoid the fluctuations to protect the
batteries’ shelf life.



Battery Voltage Sensing Circuit

This circuit is used to sense the voltage required to charge the battery when it is
exhausted and begin trickle charging of the battery once it gets fully charged.

AC Mains Sensing Circuit

This circuit is to sense the availability of AC mains. If it is available then the inverter
will be in a state of charging and in the absence of mains the inverter will be in battery
mode.

Soft Start Circuit

It is used to delay the charging for 8 to 10 seconds after resuming the power. It is to
protect the MOSFETSs from the high currents. This is also referred to as Mains delay.

Change Over Circuit

Based on the mains availability this circuit switches the operation of the inverter
between the battery and the charging modes.

Shut Down Circuit

This circuit is to monitor the inverter closely and shut it down whenever any
abnormality incurred.

PWM Controller Circuit

To regulate the voltage at the output this controller is used. The circuit needs to
perform PWM operations are incorporated in the IC’s and these are present in this
circuit.

Battery Charging Circuit

The process of charging a battery in the inverter is controlled by this circuit. The output
generated by the sensing circuit of the mains and the sensor circuits of the battery is the
inputs for this circuit.

Oscillator Circuit

This circuit is incorporated with the IC of PWM. It is used to generate the switching
frequencies.

Driver Circuit

The output of the inverter gets driven by this circuit based on the switching signal of
frequency generated. It is similar to that of a preamplifier circuit.



Output Section
This output section comprises a step-up transformer and it is used to drive the load.
Working Principle

An inverter designing involves various topologies of power circuits and the methods to
control the voltage. The most concentrated part of the inverter is its waveform
generated at the output. For the purpose of filtering the waveform inductors and the
capacitors are used. In order to reduce the harmonics from the output low pass filters
are used.

If the inverter possesses a fixed value of output frequencies resonant filters are used.
For the adjustable frequencies at the output, filters are tuned above the maximum value
of fundamental frequency. PWM technology changes the square wave characteristics.
The pulses used for switching are modulated and regulated before it supplied to the
connected load. When there is no requirement for voltage control fixed width of the
pulse is used.

PWM Inverter Types & Waveforms

The technique of PWM in an inverter comprises of two signals. One signal is for the
reference and the other will be the carrier. The pulse required for switching the mode of
the inverter can be generated by the comparison among those two signals. There are
various PWM techniques.

Single Pulse Width Modulation (SPWM)

For every half cycle, there is only one pulse available to control the technique. The
square wave signal will be for reference and a triangular wave will be the carrier. The
gate pulse generated will be the result of the comparison of the carrier and the
reference signals. Higher harmonics is the major drawback of this technique.



Multiple Pulse Width Modulation (MPWM)

MPWM technique is used to overcome the drawback of SPWM. Instead of a single pulse,
multiple pulses are used for every half cycle of the voltage at the output. The frequency
at the output is controlled by controlling the frequency of the carrier.

4
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Sinusoidal Pulse Width Modulation

In this type of PWM technique, instead of a square wave, a sine wave is used as a
reference and the carrier will be a triangular wave. The sine wave will be the output and
its RMS value of voltage is controlled by the modulation index.

Modified Sinusoidal Pulse Width Modulation

The carrier wave is applied for the first and the last sixty-degree interval per every half
cycle. This modification is introduced to improve the harmonic characteristics. It
decreases the loss due to switching and increases the fundamental component.



Applications

Most commonly PWM inverters are utilized in the speed AC drives where the speed of
the drive is dependent on the variation in the frequency of the applied voltage. Majorly
the circuits in power electronics can be controlled by using PWM signals. To generate
the signals in analog form from digital devices like microcontrollers, the PWM technique
is beneficial. Further, there are various applications where PWM technology is used in
different circuits.

Two stage sequence control AC voltage controller with R load:

In this we will use set of thyristor connected antiparallel means we will use
four thyristor in this circuit. The source voltage will provide the ac voltage
which will consist of primary winding and secondary winding. The
secondary winding will be center tapped the two winding will be mutual

voltage across second winding will

The circuit is connected with the resistive load at output.



V1=Vm Sin(wt) -

. 3 I—*\—J 3

V2=Vm Sin(wt) T4

Working:

The thyristor T3 and T4 will only work when the wt=0 means when the
firing angle a will be equal to zero. The thyristor T1 and T2 will work when
at particular angle the pulse is provide means there firing angle will be at
certain phase. When we start the supply from the source voltage when
positive cycle will occur and wt=0 then thyristor 3 will conduct and the
current will pass from thyristor 3. The voltage will be from the secondary
winding V2 and the source current will flow from thyristor T3 when a will
be equal to zero when the wt will be equal to o then we will provide trigger
pulse at the gate of T1 then thyristor 3 will off and thyristor one will
conduct at this time then the voltage will be from V1+V2 and the source
current will flow in T1. The wave will go in upward direction after trigger
pulse. This is because first there is only one voltage which was V1 and now
we have two voltages which are V1+V2 the complete secondary winding
will work.
When a negative cycle will come from the source the primary and lower
secondary will start working the voltage will be V2 when we will provide
trigger pulse at T4 it will start conducting. The output voltage will start in
reverse direction and the wt will be equal to m. The output current will be
also in reverse direction. When a trigger pulse will be given at the gate of
the T2 then the output voltage will be equal to V1+V2.


https://i1.wp.com/www.electroniclinic.com/wp-content/uploads/2020/11/two-stage-sequence-control-voltage.jpg?ssl=1

Vm sin wt

Multistage sequence control of Voltage:

The controller will be connected in multistage. There will be separate
voltage at the secondary of the winding such that 1V at one winding, 2V at
second winding and 8V at third winding.

V1=Vm Sin(wt)

Vm Sin(wt) @

V2=Vm Sin(wt)

Working:

When the source voltage is applied the source current will start flowing
from thyristor T3 and it will start working and with T3. The T1land T2 will
start working at a angle. The voltage will be 10Vm which is the sum of 2
and 8 volt. In positive cycle the upper portion of the secondary winding
when the trigger voltage will be applied at the thyristor T1 and will start
conducting. Then the output voltage will be the sum of all winding voltages


https://i1.wp.com/www.electroniclinic.com/wp-content/uploads/2020/11/two-stage-sequence-wacve-form.jpg?ssl=1
https://i1.wp.com/www.electroniclinic.com/wp-content/uploads/2020/11/two-stage-sequence-control-voltage.jpg?ssl=1

which are 1, 2 and 8V which is equal to 11V. when a negative cycle will
occur the thyristor T4 will start conducting. The output voltage will be the
sum of 2 and 8 which is equal to 10V. When trigger pulse will be applied at
thyristor T2 and will start conducting at m+a. When T1 and T2 will conduct
we will add all the winding voltage and when T3 and T4 will conduct we

will add only two winding.

Vm sin wt



https://i2.wp.com/www.electroniclinic.com/wp-content/uploads/2020/11/multistage.jpg?ssl=1

6 Module
DC-DC converters—stepdown and step up choppers-single-quadrant, two-quadrant& four quadrant chopper—
pulse width modulation &current limit control in dc-dc converters.Switchingregulators—buck,boost&buck-boost-
continuousconductionmodeonly-waveforms—designoffilterinductance&capacitance

DC-DC converter (Chopper)

e Many industrial applications require power from dc voltage source

e E.g.:subwaycars, trolleybuses ,batteryoperatedvehicles, batterychargingetc. ..

e Theconversionoffixeddcvoltagetoanadjustabledcoutputvoltagethroughtheuseofsemiconductor devices
can be carried out by the use of two types dc to dc converter given below

e AC link chopper
e DC chopper

AC linkchopper: Dc first converted to ac by using an inverter
® Dc first converted to ac by using an inverter

® Acis then steljljﬁ-d up or down by using a transformer

® Which is then converted back to dc by using a diode rectifier

® As the conversion is in two stages, dc to ac and then ac to dc,
—

ac link chopper is costly, bulky and less efficient

DC AC

Inverter

DC -;hoppeu'

Rectifier

DC

® Chopper is a static device that convert fixed dc input voltage to a

variable dc output I‘ofrugc’

e Dc equivalent of an ac transformer

L Il]YD].\’ﬂS one stage conversion — more efficient
—

DC

Y

Chopper

DC



Step-down chopper

o A chopper is a bigh Speed on/ off semiconductor switch

® [t connect source to load and disconnect the load from

source at a fast speed

° Chopper is l*epresented b}-’ a switch SW inside a dotted

rectangle i
= Vo ‘vs

RSN IEEE EEEE,  mmmm— ‘-’u
i \Si  Swith L tp——-- B E— T B

+ é \ : T T m ¢ I f——T oy —

L — | —
Vs Vo 0 I_ T N Torr o -
| T b | 5 -

I I I : —_—

During the period Ton, chopper is on and load voltage is

equal to source voltage Vs

During the interval Tos, chopper is off, load current flows

through the free“'heeling diode FD

As a result load terminal are short circuited b}-’ the FD and

load voltage is therefore zero during Tos

In this manner a chopped dc voltage is produced at the load

terminal

During Ton, load current rises whereas during Tos, load

current decavs

T, T.
T Top +Tops ° T “Ys
Ton — on-time; Toff = off time

T=Tont+ Toff = C."hopping period
Duty cycle ..
a = ——
T

Thus load voltage can be controlled by varying dutv cvcle

Vo:f'Ton'I";

Where f is the chopping frequency

Average output rofrut;e is always less than the input voltage hence called as

step down chopper



Step-up chopper

° _h'enzge output ‘['Offdbfe’ greater than input ‘['Ofl‘dbfe’ can obtained by
using a Chopper known as step-up L"hoppm'
® A large inductor L in series with the source voltage is
[ (-

essential

D=2
T

Vo

s

o or
o

111 L] Illli l l ]
Switch l ] Tox T T

- b= Torr -+
When chopper is on, inductor stores energy
[

When chopper is off as the inductor current cannot die down

instantaneously, this current is forced to flow through the

diode and load for a time Toff

As the current tends to decrease polaritv of the emf induced
in the L is reversed
As a result voltage across the load become
= di
V,=V,+ Lo
o 5 dt
exceeds the source Voltage

In this manner circuit act as a step up chopper

Assulning linear variation of output current the energy input
L - L

to inductor from the source during Ton is
L-—

W,,, = (voltage across L) (average current through L)T,,,

in
o I, + Iz)
- I”S'( 2 Ton

During Toff, when chopper is off, the energy released by the

inductor to the load is

W, sr = (voltage across L) (average current through L)T,¢¢

I, +I;
- - . (F52) Topy



Considering the system to be lossless, these two energies will
“— - L -

be equal

— _V)(I1+I2)

Ve. Ton - I’L'Toff - IfS'TO_ff

Vo-Tosr = Vi(Tor + Topf) = Vo. T

r _,_ T 1
of f ST_Ton ®

1 — o

Tvypes of chopper circuit

® Power semiconductor devices used in chopper circuit are
unidirectional devices
® Polarities of output voltage and direction of output current is
therefore restricted
® A chopper can however operate in any of the four quadrant,
by an appropriate arrangements of the semiconductor devices
® This characteristics of their operation in any of the four
quadrant form the basis of their classification as type-A, type-
B etc... or class A, class B etc...
First uadrant or Type-A Chopper
Chopper First Quadrant
Chopper
o by 1
g — e
Chopper FD

FD x A LOAD & >




When chopper CHI1 is on, Vo—Vs and current io flows in the

direction as shown

When CH1 is off, Vo=—0, but io in the load continues to

flowing in the same direction through freewhe eling diode FD

It is thus seen that average value of both load “roltage and

current are alwavs +ve
The power flow is alvwavs from source to load

This chopper is also called step dowvwn chopper

Second quadrant or Tvype-B Chopper

Chopper Second Quadrant

D2 g
I o
N < ® > A Vo
+ +
Ch , D2
T W |- ! opper, D o
I
1 ' vo &\ Io
Chopper! : ~ i
| | -Io 0
' I
T E
- 4 - -\Vo¥

[Load must contain a dc source like a batterv in this C]lDPpE‘]‘

When CH2 is on, vo=0 but load Toltage E drives current through
L and CH2

Inductance L store energy during Ton of CH2
When CH2 is off, vo=E+L(di/dt), exceeds source Toltage Vs

As a result diode D2 is forward biased and begins conduction, thus
allowing power to tlow to the source

Chopper CH2 may be on or off, current Io flows out of the load,
current lo is therefore treated as —ve

Since Vo is always +ve and lo is —ve power flow is from load to
source

As load Yoltage Vo = E+L(di/dt) is more than source ‘mltage Vs,
type B chopper is known as step-up chopper



Two-quadrant type-A or Type-C
® Obtained by connecting Type-A and Type-B in parallel

® Output voltage Vo is always +ve because of the presence of
freewheeling diode FD across the load

® When CH2 is on, or freewheeling diode FD conducts output
voltage Vo=0

Chopper Two Quadrant

T ! Ao
— b |
| i D2
]
=k 1 CHZ,D2 CH1,FD
i s S e = o
vs OO = NN e
b e =
T ¥io
=3
| ' r % | .
| "/ i FD vo o
1 1
n Lo—
(= m —

® When CH2 is on or diode D2 conducts, output Toltage Vo=Vs
® The load current Io can however reverse its direction
® Load currentis +ve when CHI1 is on or FD conducts
® ] oad current is —ve when CH2 is on or D2 conducts

® In other words, CH1 and FD operate together as type-A chopper
in first quadrant

e CH2 and D2 operate together as type-B chopper in second

qua dl’ ant

® Average load voltage is always +ve, but average load current can
be +ve or —ve

® This type of chopper operation is used for motoring and
regenerative braking of dc motors

In short
This type of chopper is obtamed by connectmg type-A and type-B choppers in parallel as

shown in Fig. 7.8 (a). The output voltage V, is always positive because of the presence of

freewheeling diode FD across the load. When- chopper CH2 is op, or freéwheeling diode FD
conducts, output’ voltage vo=0 and in case chopper CH1 is on or diode D2 conducts, output
voltage v, = V,. The load current iy can, however, reverse its direction. Current i, flows in the
arrow direction marked in Fig. 7.8 (a), i.e. load current is positive when CHI1 is on or FD
conducts. Load current is negative if CH2 is on or D2 conducts. In other words, CH1 and FD
operate together as type-A chopper in first quadrant. Likewise, CH2 and D2 operate together
as type-B chopper in second quadrant. '



Average load voltage is always positive but average load current may be positive or
negative as explained above. Therefore, power flow may be from source to load (first-quadrant
operation) or from load to source (second-quadrant operation). Choppers CH1 and CH2 should
not be on simultaneously as this would lead to a direct short circuit on the supply lines. This
type of chopper configuration is used for motoring and regenerative braking of dc motors.
The operating region of this type of chopper is shown in Fig. 7.8 (b) by hatched area in first
and second quadrants.

Two-quadrant Tvype-B or Tvpe-D

Two Quadrant Type B-chopper or D-chopper Circuit

o : - F
Byt s
= !
cH1! ! D2 S At
R o =05
Vs - o =l »lo
) =
Vo | e e | ‘\
C1da 1 ¢ 1CHZ o < 0.5
o— - - Vo

whww . CircuitsTod ay. com

e Ton>Toff, x>=0.5,Vo is +ve
e Ton<Toff, x<<0.5, Vo is —ve
® Ton—Toff, =0, Vo=0

® The out put V{Jltage Vo=Vs when both CH1 and CH?2 are on

* And Vo=-Vs, when both choppers are off but both diodes D1
and D2 conducts

L Average output Toltage Vo is +ve when chopper turn on time

is more than their turn off time

® The direction of load current is always -+ve, because
choppers and diodes can conduct current only in one

direction

* As average values of both Vo and Io are +ve, chopper

operation in first quadrant is obtained



Four quadrant chopper, Tvype-E

E-type Chopper Circuit Diagram With Load emf E and E Reversed

is
»-

-0

AD3

A D4

® Consist of four semiconductor switches, CHltoCH4 and

four diodes from ID1 to D4 in anti—parallel

® Numbering of chopper is COI”T‘E‘SPGI’ldS to their respective
L -

quadrant of operation
First quadrant:
® CH+# is kept on, CH3 is kept off and Chl is operated
® With CH1 and CH#4 on, load voltage Vo=Vs and load current

begins to flow
® Vo and lo are +ve git‘ing first quadrant operation
* CHI1 is off, +ve current freewheels through CH4, D2

Second quﬂdrant:

* CH2 is operated, CH1, CH3 and CH# are kept off

* With CH2 on, reverse current flows through L, CH2, D4
and E

LI0Z/TS/E SAMonIar

® Inductance L stores energy during the time CH2 on

® When CH2 is turned off, current is fed back to source
through D1, D4

* Vo is +ve but Io is —ve, second quadrant operation of

chopper

® For second quadrant operation load must contain emf E



L o

Third quadrant:
® CH1 is kept off, CH2 is kept on and CH3 is operated

L PD]arit}-' of load emf must be reversed for this quadrant of

P FAT TS STITn T A

op eration

® When CH3 is on, load gets connected to source Vs so that
both Vo and Io are —ve ]eadjng to 3xd quadrant of operation

® When CH3 is turned off, -ve current freewheels through
CH2, D4

Fourth quadrant:
* CH+4 is Dperated and other devices are kept off
* With CH#4 on, +ve current flows through CH4, D2, L andE,

FOUR QUADRANT CHOPPER, TYPE-E

® Inductance L stores energy d1u°ing the time CH#4 is on

® When CH#4 is turned off, current is fed back to sourc
through diodes D2, D3

® [oad Voltage is —ve but load current is +ve

T Pl TN -m".n-‘-“n TAALA Y A

Type-E chopper or the Fourth-Quadrant Chopper

Ftype Ohapeer Cooust Duagram Wan Lot oo £ and [ Beversed

ER
ouid | 3 oid] 4

OO | » ki Vnlay o

Four Quadrant Operation

.
CH,-D,Conductn CH,-CH,ON
D,-D,Conducts CH,-D,Conducty

CH,-CH, ON Dy« D, Conduen
CH,-D,Conducty CH, D, Conducin




Equivalant circuit Quadrant Description
i io s e
we L T T - ! T; and T3
- @ L %_q Forward motoring or mm power from
o~ Fa fTs rectifying. )
i .-»':P 1+ d -1 : T; tumed off but T, conducts
i Lt—(L-_- £ nddl_':". .r_.'a @‘{-‘ 1 |:|JEI'H:E current jg.
! — - through T, and D,. Load
i . inductor induces voltage as
o @ 4 F;F@" Forward motoring. shown freewheeling action
- i takes place.
.I d :‘- Ty is tumed off. Hence
°'© JEL?I"" 3 By o] w Erﬁ:lu:hru:- forces curment
- e A— through O3y and Dy. This
7 = | Inverting operation i, positive | cument flows through supply.
L, ) Dy - v, negative. load energy is fed to the
1 | - supply.

To reverse the direction of
] rotation of the motor, T and
T, are tumed on, v, and i,
Rectifying operation motor | both are negative. E is
rotates in opposite direction. | shown negative since motor
rotates in opposite direction.

Ty is tumed off, but T,

2 ( B ] remains on. To maintain the
| Y= : current in the same direction
o Freewheeling operation inductance generates voltage
{~1y.[ motor rotates in the same | and i, flows in same
4/ diraction. direction through D, and T,

This is freewheeling action.

p TS

|

Inverting operation / cument flows through supply.
negative v, positive. lcad energy is fed to the
- supply.

@ %D:‘E # T, Is tumed off. Hence
o] ! n inductance forces curment
T 2 !3;“

Table 4.5.3 Operation of four quadrant chopper
Four quadrant chopper has the capability to operate in all the four quadrants.
Hence it is used in reversible dc drives. The braking is regenerative. Hence four
quadrant chopper drives are highly efficient. Their dynamic response is also fast.




Control strategies
e The average value of the  output voltagecan  be varied by opening and
closing the semiconductor switch
e The two types of control strategies (schemes) are employed in all cases. These are:
(a) Time-ratio control, and
(b)Current limit control
Time-ratio Control
* |n the time ratio control the value of the duty ratio, TON/T=k is varied.
e There are two ways, which are constant frequency operation, and
variable frequency operation.
Constant Frequency Operation
e In this  control strategy, the  ON time, is varied, keeping the frequency
(f=1/T), or time period T is constant.
e This is also called as pulse width modulation control (PWM).

Load-voltage
— T~

Variable Freguencv Operation

® In this control strategy, the frequency (f=1/7T),
periodT is varied, keeping either

(a) the ON time, constant, or

(b) the OFF time, constant.

o

=

g.
110228 safRonsarga

® This is also called as frequency modulation control.

* Two cases with (a) the ON time, constant, and (b) the OFF
time, constant, with variable frequency or time period are
shown in Fig.

® The output voltage can be varied in both cases, with the
change in duty ratio, Ton/T
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There are major disadvantages in this control strategy. These are:

» The frequency has to be varied over a wide range for the control of output voltage in frequency
modulation. Filter design for such wide frequency variation is, therefore, quite difficult.
> For the control of a duty ratio, frequency variation would be wide. As such, there is a possibly of
interference with systems using certain frequencies, such as signaling and telephone line, in
frequency modulation technique.
» The large OFF time in frequency modulation technique, may make the load current
discontinuous, which is undesirable.
» Thus, the constant frequency system using PWM is the preferred scheme for dc-dc converters
(choppers).
Current-limit control
As can be observed from the current waveforms for the types of dc-dc converters described earlier, the
current changes between the maximum and minimum values, if it (current) is continuous.
In the current limit control strategy, the switch in dc-dc converter (chopper) is turned ON and OFF, so
that the current is maintained between two (upper and lower) limits..When the current exceed upper
(maximum) limit, the switch is turned OFF

During OFF period, the current freewheels in say, buck converter (dc- dc) through the diode, DF, and
decreases exponentially.

When it reaches lower (minimum) limit, the switch is turned ON.

This type of control is possible, either with  constant frequency, or constant
ON time
This is used only, when the load has  energy storageelements, i.e. inductance, L.

The reference values are load current or load voltage.

In this case, the current is continuous, varying between Imax and Imin , which decides the frequency used
for switching.

The ripple in the load current can be reduced, if the difference between the upper and lower limits is
reduced, thereby making it minimum.

This in turn  increases the  frequency,  therebyincreasing the switching losses.
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Switching regulators

e DC converters can be used as switching mode regulators to convert a dc voltage, normally unregulated
to a regulated dc voltage

e The regulation is normally achieved by PWM at a fixed frequency and the switching device is normally
BJT, MOSFET or IGBT

® The ripple content is normally reduced by an LC filter
e There are four basic topologies of switching regulators
Buck regulator
Boost regulator
Buck-boost regulator

Cuk regulator



6.6 THE BUCK-BOOST CONVERTER

Another basic switched-mode conwverter is the buck-boost converter shown in
Fig. 6-11. The output voltage of the buck-boost converter can be either higher or
lower than the input voltage.

MWoltage and Current Relationships
Assumptions made about the operation of the converter are as follows:

The circuit is operating in the steady state.

The inductor current is continuous.

The capacitor is large enough to assume a constant output voltage.
The switch is closed for time DT and open for {1 —N)T.

The components are ideal.

Bk b=

(T}
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Amnalysis for the Switch Closed When the switch is closed, the voltage across
the inductor 1s

dip _ ¥
dt L

The rate of change of inductor current is a constant, indicating a linearly increas-
ing inductor current. The preceding equation can be expressed as

Aiy  Aip K,
At DT L
Solving for Ai; when the switch is closed gives
LoT
L

(Aip)elosed = (6-43)



Analysis for the Switch Open  When the switch is open, the current in the
inductor cannot change instantaneously, resulting in a forward-biased diode
and current into the resistor and capacitor. In this condition, the voltage across
the inductor 1s

1JI_=I*;=L%
dip _Y,
dt L

Again, the rate of change of inductor current is constant, and the change in current is
Aip A K
Ar (1-D)T L

Solving for Ai,
VAl —D)T

I (6-46)

{‘i{l;’.}npcn =

Again, the rate of change of inductor current 1s constant, and the change in current is
A Iy .'ft.r-f_ - E
Avr (Il—-InTr L

Solving for Ai,,
Vil —InT
L

For steady-state operation, the net change in inductor current must be zero over

one period. Using Egs. (6-45) and (6-46),

("ii{ }np«:n = (6_46}

{‘i{l{ Yelosed T (ﬁf.f.}upcn =0

DT . Vil —IDhTr
L L

) 647

0

Solving for V,

INDUCTOR CURRENT , DESIGN OF FILTER INDUCTANCE OR CRITICAL INDUCTANCE



source voltage., Qufpur voltage magnitude of the buck-boost converter can be less
than that of the source or greater than the source, depending on the dury ratio of the
swiitch., [T = (.5, the output voltage is larger than the input; and i =< 0.5, the out-
put is smaller than the input. Therefore, this circuit combines the capabilities of the
buck and boost converters. Polarity reversal on the output may be a disadvantage in
some applications, howewer. Woltage and current wawveforms are shown in Fig. 6-12.

Mote that the source 1s never connected directly to the load in the buck-boost
converter. Energy i1s stored in the inductor when the switch is closed and trans-
ferred to the load when the switch 1s open. Hence, the buck-boost converter 1s
also referred to as an indirect converter.

Power absorbed by the load must be the same as that supplied by the source,
where

Iy

max

Closed . Open

dah

LEoh

L&y

Figure 6-12 Buck-boost conwverter wawveformms.
(e} Imductor current: (&) Inductor voltage: (<) DMode
current: (&) Capacitor current.

{c)

777 :
22

(d)

Figure 6-12 (continued)



Figure b-12 jcontinued)

V!
P = RD
=V
¥V 2
o
Awverage source current 1s related to average inductor current by
I.=5LD
resulting in
2
Ro = V. D

Substituting for V¥, using Eq. (6-47) and solving for {,, we find

L BVRD T ¥D  R(l — D)

(6-49)

Maximum and minimum inductor currents are determined using Eqs. (6-45) and

(6-49).

Ai V.D V.DT
b =l + =g 5y + 57 (6-50)
Ai V.0 V.DT
Toin = I — 2”‘ ~RA—Dy 1L (6-51)
| — DR
(Lf Vnin =% (6
or Lo _(-Drk — DYR (6
min — Ef "

where f1s the switching frequency.

Output Voltage Ripple

The output voltage ripple for the buck-boost converter 1s computed from
capacitor current waveform of Fig. 6-124.

.
|AO| = (E")DT= CAV,

Solving for AV

, _JeDT _¥,D
° RC RCf

or = — (6

Refer your class notes for buck and boost regulator derivation



