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Course Outcomes: Upon the completion of Laboratory course, the student will be able to 

CO1. Examine the characteristics of SCR, MOSFET, & IGBT, and analyze 
triggering cireuits. 

CO2. Analyze input and output characteristics of AC-DC converters. 

C03. Synthesize characteristics of Cycloconverters. 
C04. Examine characteristics of DC-DC Converters and Inverters. 

CO5. Design of converters and inverters using P-Spice software. 

List of Experiments 

Any ten of the following experiments are required to be conducted. 

1. Study of characteristics of SCR, MOSFET &IGBT. 

2. Gate Firing Circuits for SCRs (R- Triggering, RC Triggering & UJT Triggering). 
3. Single Phase AC voltage Controller with R& RL Loads.

4. Single Phase fully Controlled Bridge Converter with R& RL Loads 
5. DC Jones Chopper with R& RL Loads. 

6. Single Phase Parallel Inverter with R& RL Loads. 

7. Single Phase Cycloconverter with R& RL Loads. 

8. Single Phase Series Inverter with R& RL Loads
9. Single Phase Half controlled converter with R Load.

10. Simulation of single-phase full converter using RLE loads and single-phase AC 

voltage controller using RLE loads. 

11. Simulation of resonant pulse commutation circuit and Buck Chopper.

12. Simulation of single phase Inverter with PWM control. 
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Correlation of COs with Experiments 

S.No. Title of Experiment COs Mapped 

1 Study of characteristics of SCR, MOSFET &IGBT. CO1 

2 Gate Firing Circuits for SCRs (R- Triggering, RC 

Triggering & UJT Triggering). 

CO1 

3 Single Phase AC voltage Controller with R & RL Loads. CO2 

4 Single Phase fully Controlled Bridge Converter with R& 

RL Loads. 

CO2 

5 DC Jones Chopper with R & RL Loads. CO4 

6 Single Phase Parallel Inverter with R& RL Loads. CO4 

7 Single Phase Cycloconverter with R& RL Loads. CO3 

8 Single Phase Series Inverter with R& RL Loads. CO4 

9 Single Phase Half controlled converter with R Load. CO2 

10 Simulation of single-phase full converter using RLE loads 

and single-phase AC voltage controller using RLE loads. 

CO2,CO5 

11 Simulation of resonant pulse commutation circuit and 

Buck Chopper. 

CO4,CO5 

12 Simulation of single phase Inverter with PWM control. CO4,CO5 
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Program Specific Outcomes (PSOs) 

 

 

 

 

 

Program Specific Outcomes 

  

Engineering Graduates will be able to: 

1. 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and 

an engineering specialization to the solution of complex engineering problems. 

2. 2. Problem analysis: Identify, formulate, review research literature, and analyze complex engineering 

problems reaching substantiated conclusions using first principles of mathematics, natural sciences, and 

engineering sciences. 

3. 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. 

4. 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. 

5. 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. 

6. 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. 

7. 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. 

8. 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the 

engineering practice. 

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

teams, and in multidisciplinary settings. 

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. 

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. 

10. 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. 

PSO1: Conceptualize electrical and electronics systems, employ control strategies for power electronics 

related applications to prioritize societal requirements. 

PSO 2: Apply the appropriate techniques and modern engineering hardware and software tools in 

electrical engineering to engage in multi-disciplinary environments 
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CO – PO Mapping  

  

CO – PSO Mapping 

 

POWER ELECTRONICS  AND SIMULATION LAB  

C328 PSO1 PSO2 

C328.1 3 - 

C328.2 3 - 

C328.3 3 - 

C328.4 3 - 

C328.5 3 3 

 3 3 

 

  

C328 
POWER ELECTRONICS & SIMULATION LAB 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

C328.1 3 2 2 2 - - - - 3 - - 3 

C328.2 3 3 3 2 - - - - 3 - - 3 

C328.3 3 3 3 2 - - - -    3 - - 3 

C328.4 3 3 3 2 - - - - 3 - - 3 

C328.5 3 3 3 2 - - - - 3 - - 3 

 3 2.8 2.8 2 - - - - 3 - - 3 
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Rubrics for Power Electronics and Simulation Laboratory 

Rubrics for Hardware based Experiments 
 

Total Marks: 15M 

S. 

No. 

Assessment  

Criteria 
Excellent 

(80 – 100%) 

 Good 

(60-80%) 

Average 

(Below 60%) 

 

1 
 

 

Theoretical 

Knowledge to 

perform the 

experiment (2M) 

Student replied to 

all the questions 

posed by 

Laboratory 

teacher 

Student replies to a 
minimum of 50% 
questions posed by 
the laboratory teacher 

Student could 

not answer in 

the first session  

 
 

2 
Preparation of list of 

equipment required  

(2M) 

Correctness in the 
rating and type of 
the equipment 
required 

Correctness in the 
rating and type of 
equipment required 
with minor corrections 

Student could 

not prepare the 

list of 

equipment 

required  

 

 
 

3 

Making the circuit 

connections as per 

the circuit diagram.  

(3 M) 

Correctness of 

connections 

Correctness of 
connections 
with minor 
corrections. 

Unable to 

connect 

 

 

4 

 

Performing the 

experiment and 

tabulating the values  

(3 M) 

Independent 

performance of 

the experiment 

with correct 

values 

Performance of the 

experiment with 

teacher assistance 

Unable to 
perform the 
experiment 

 

 

5 

 

 

Record book (based 

on   calculations, 

results, graphs) 

(5 M) 

Practical values 

matching with 

theoretical values/ 

Expected graph 

obtained. 

Minor deviation in 
the practical 
values/ expected 
graph 

Deviation of 
practical 
values with 
theoretical 
values / 
expected 
graph. 
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Rubrics for Power Electronics and Simulation Laboratory 

Rubrics for Software/Simulation based Experiments 

Total Marks: 15 M 

S. 

No 

Assessment  

Criteria 
Excellent 

(80 – 100%) 

 Good 

(60-80%) 

Average 

(Below 60%) 

1 

Theoretical 

Knowledge to 

perform the 

experiment (2M) 

Student replied to 

all the questions 

posed by 

Laboratory 

teacher 

Student replies to a 
minimum of 50% 
questions posed by 
the laboratory teacher 

Student could not 

answer in the first 

session  

2 

Writing a program 

/ simulation 

diagram of the 

experiment  (3M) 

Correctness in the 
rating and type of the 
equipment required 

Correctness in the 
rating and type of 
equipment required 
with minor corrections 

Student could 

not prepare the 

list of equipment 

required  

3 

Execution of the 

program / 

simulation  

(5 M) 

Executed without 

errors 
Partially 
Executed  

Unable to run the 

program 

4 

Record book 

(calculations, 

results, plots)  

(5 M) 

Simulation output 

matching with 

theoretical values/ 

Expected plot 

obtained. 

Minor deviation in 
the simulation 
output/ expected 
plot 

Deviation of 
simulation 
output with 
theoretical 
values / expected 
plot. 
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Department of Electrical and Electronics Engineering 
 
 

STUDENT PERFORMANCE EVALUATION 

TOTAL MARKS (75M) 

 

EXTERNAL EVALUATION (50 Marks) 

 

Circuit Diagram 10M 

Procedure write up 10M 

Experiment connections & observations 10M 

Calculations 10M 

Viva Voce 10M 

 

INTERNAL EVALUATION (25 Marks) 

 

Day to day evaluation 10M 

Record 5M 

Internal Exam 10M 
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POWER ELECTRONICS AND SIMULATION LAB
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INDEX

S.No. Title Page No.

I Vision Mission of the Institute and Department I

2 Course Outcomes and List of Experiments 11

3 Correlation of COs with Experiments l1l

4 Program Outcomes and Program Specific Outcomes 1V

5 CO - PO and CO - PSO Mappings V

Experiments

6
Study of characteristics of SCR, MOSFET &IGBT.

1-8

7
Gate Firing Circuits for SCRs (R- Triggering, RC Triggering & UJT

Triggering).

9-13

8
Single Phase AC voltage Controller with R & RL Loads" 14-15

9
Single Phase fully Controlled Bridge Converter with R& RL Loads.

1{',-17

10
DC Jones Chopper with R & RL Loads.

1 8-19

ll
Single Phase Parallel lnverter with R& RL Loads.

2A-21

12
Single Phase Cycloconverter with R& RL Loads. 11 '\^l

13
Single Phase Series Inverter with R& RL Loads. 24-25

l4 Single Phase Half controlled converter with R Load. 26-21

15
Simulation of single-phase fuii converter using RLE loads and single-

phase AC voltage controlier using RLE loads.

28-31

t6 Simulation of resonant pulse commutation circuit and Buck Chopper. :,2-J3

L7
Simulation of single phase Inverter with PWM control. 34-35

J
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Vision of the Institution

o To develop into a reputed Institution at Nationai and Irrternational level in Engineering,

Technology and Management by generation and dissemination of knowledge through

intellectual, cultural and ethical efforts with human values.

r To foster Scientific temper in promoting the world class professional and technical

expertise-

Mission of the Institntion

Power Electronics and Simulation Laboratory

o To create state-of-the-art inf,rastructure facilities for cptimization of knowledge

acquisition
o To nurfure the students holistically and make them competent to excel in the global

scenario.

. To promote R&D and consultar*y through strong industry-institute interaction to address

the societal problems.

Yision of the Ilepartment

r To become a reputed departrnent in the impartation of professional and technical

expertise in the field of Eleetrical and Electronics Engineering.

Mission of the Department

o Imparting Quality Technical Education by provision of state-of-the-art learning
facilities.

. Preparing the students to think innovatively and find effective solutions to address

engineering and societal problems with a multi-disciplinary approach maintaining
continuous industry interaction.

o Encouragtftg team work and preparing the students f.or lifelong learning with ethical
responsibility for a successfirl professional career.

Programme Educational Outcomes (PEOs)

PEOI: To provide the students with a sound foundation in the mathematics, science and

engineering &ndamentals necessary to become employable.

PEO2i Graduates should apply their technical knowledge to take up higher responsibilities in
industry, academics and create innovative ideas in the field.of Electrical and Eiectronics
Engineering.

PEO3: Eqrrip graduates with communication skills, leadership quaiities with ethical values,
team work with multi-disciplinary approach andzeal to provide solutions for engineering and

sccietal problems.
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Power Electronics and Simulation Lalotatory

B. Tech. III Year If Semester

Course Code: A46?89

Course Outcomes: Upon the completion of Laboratory course, the student will be able to

COl. Examine the characteristics of SC& MOSFET, & IGBT, and analyze

triggering circuits.

CO2. ,A.naSze ilrput and output charaeteristics ef .A.C-DC eonverters.

CO3. Synthesize characteristics of Cycloconverters.

C04. Examine characteristics of DC-DC Converters and Inverters.

COS" Design of converters and inverters usingP-Spiee sofifware.

1.

7

aJ.

4.

5.

6.

7.

8.

9.

10.

List of Experiments

Any ten of the following experiments are required to be conducted.

Study of characteristics of SCR, MOSFET &IGBT.

Gate Firing circuits for scRs (R- Triggering, RC Triggering & UJT Triggering).

Single Phase AC voltage Controller vrith R & RL Loads.

Single Phase fi.rlly Controlled Bridge Converter qdth R& RL Loads.

DC Jones Chopper with R & RL Loads.

Single Phase Parallel Inverter with R& RL Loads.

Single Phase Cycloconverler with R& RL Loads.

Single Phase Series Inverter with R& RL Loads.

Single Phase Half controiled converter with R Load.

Simulation of single-phase full converter using RLE loads and single-phase AC

voltage controller using RLE loads.

Simulation of resonant pulse commutation circuit and Buck Chopper.

Simulatfon of single phase Invefter with PWM control.
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Correlation of COs with Experiments

S.No. Title of Exneriment COs Mapped
1 Study of characteristics of SCR, MOSFET &IGBT. co1

2 Gate Firing Circuits flor SCRs (R- Triggering, RC

Triggering & UJT Triggering).

col

a
-) Single Phase AC voltage Controiler with R & RL Loads. c02

4 Single Phase fully Controlled Bridge Converter with R&

RL Loads.

co2

5 DC Jones Chopper with R & RL Loads. co4

6 Single Phase Parallel Inverter witit R& RL Loads. co4

7 Single Phase Cycloconverter with R& RL Loads. co3

8 Single Phase Series Inverter with R& RL Loads. co4

9 Single Phase Haif controlled converter with R Load. caz
10 Simulation of single-phase full converter using R[-E loads

and singie-phase AC voitage controller using RLE loads.

c02,c05

l1 Simuiation of resonant pulse commutation circuit and

Buck Chopper.

co4,co5

12 Simulation of single phase Inverter with PWM control. co4,co5

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technolog,
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Prosramme Outcomes (POl

Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and

*.rrfio..rinfspecializationto the solution of complex engineering problems'

2, problem analysis: Identify, fornulate, review research literature, atd anaTyze complex engineering

probrems reaching substantiated conclusions using first principles of mathematics, natural sciences, and

engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems and design

system components or processes that meet the specified needs rn'ith appropriate consideration for the

public health and safety, and the cultural, societal, and environmental considerations'

4. Conduct investigations of comprex problems: use research-based knowledge and research methods

including design of experiments. anarysis and interpretation of data, and synthesis of the information to

provide valid conclusions.

5. Modern tool usage: create, seiect, and apply appropriate techniques' resources' and modern

engineering and IT tools including prediction and modeling to complex engineering activities with an

understanding of the lirnitations'

6. The engineer and society: Appiy reasoning informed by the contextual knowledge to assess societal'

health, safety, legal and cultural issues and the consequent responsibilities relevantto the professional

engineering Practice.

7. Environmeut and sustainability:

societal and environmental contexts,

development.

8. Ethics: APPIY ethical

engineering Practice.

principles and commit to professional ethics and responsibilities and norms of the

g. Individual and team work: Function effectively as an individual. and as a member or leader in diverse

teams, and in multidisciplinary settings'

10. Communication: communicate effectively on complex engineering activities with the engineering

community and with society at iarge, Such as, being able to comprehend and write effective reports and

design documentation, make effective presentations, and give and receive clear instructions'

11= project management and finance: Demonstrate knowledge and understanding of the engineering and

management principles and appiy these to one'S ou'n work, as a member and leader in a team' to manage

proj ects and in multidisciplinary environments'

. 12. Life-tong rearningi Recogni zetheneed for, and have the preparation and ability to engage in

independent and life-iong leaming in the broadest context of technological change'

Program Specific Outcomes

PSO1, C""*p,"rltre electrical and electronics systems, employ control strategies for power electronics

re lated applications to prioritize societal requirements'

pSo 2: Apply the appropriate techniques and modern engineering hardware and software tools

electrical lngineering to engage in multi-disciplinary environments

Understand the impact of the professional engineering solutions in

and demonsrate the i<nowiedge oi, and need for sustainable

t
lv
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CO - PO Mapping

CO - PSO Mapping

c328
POWER ELECTRONICS & SIMULATION LAB

PO1 Po2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12

c328.t 3 2 2 2 3 3

c328.2 3 3 3 2 3 3

c328.3 3 3 3 2 3 3

c328.4 3 3 3 2 3 3

c328.5 3 3 3 2 3 3

3 2.8 2.8 7 3 3

POWER ELECTRONICS AND SIMULATION LAB
c328 PSOl PSO2

c328.1 J

c328.2
a
J

c328.3
a
J

c328.4 J

c328.5 J
a
-)

3 3
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I.a) STATIC CHARACTERISTICS

CIRCUIT DIAGRAIII :
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1. A) STUDY OF CHARACTERISTICS OF SCR

AIM: To plot V- I characteristics of scR and find the latching and holding currents of scR

THEORY: Silison controlled Rectifier (scR) is a four layered three junotion P N B N

semicoqductor switching device. It has three terminals named as anode, cathode and gate' SCR

is made up of silicon. It has very low resistance in the forward direction and high resistance in

the reverse direction' It is a unidirectional device'

Fig 1.1: SCR and its sYmbol

Static Y-I characteristie of SCR:

SCR can be oPerated in three modes'

1. Reverse blocking mode

2. Forward blocking mode (Off state)

3. Forward conduction mode (On state)

1. Reverse Blocking Mode:

When the cathode of SCR is rnade positive with respect to anode, SCR is reverse biased'

Jtrnctions Jl and I? arcroverse biased where junction J3 is f,orward biased' The device behaves

as if two diodes are collnected in series with reverse voltage applied across thern'

A srnall leakage current ofthe order of few milli Amperes only flows' As SCR is reverse

biased and ifi-:blocking mode, it is called as reverse blocking mode of operation' Now if the

reverse voltage is inerease d, at a critical breakdoqrn level called reve{se breakdown voltage

I/rn, an avalanche oecurs at J1 and J3 and the reverse current increases rapidtry through the

SCR. This results in SCR damage as junction temperature may exceed its maximum

temperafure rise.

2. Forward Blocking Mode:

when anode is positive with respect to cathode, with gate circuit open' scR is said to be

forward biased mode. Then junction J1 and J3 are forward biased and 12 is reverse biased' As

Department cf Electrical and Electronics Engineering, vidya Jyothi Institute of Technolory
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Ia(mA) V*r(V) Ic(mA) Ia(mA)
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Fig. 1.2
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Power Electronies a&d Simulation Laboratory

the forward voltage is increased,.lunction J2 will have an avalanche breakdown at a voltage

called forward break over voltage tr/ro. When forward voltage is less then , SCR offers higir

impedance. Thus an SCR acts as an open swirch in forward blocking mode.

3. Forward Conductior Mode:

In this mode of SCR conducts current from anode to cathode with a very small voltage drop

across it. An SCR can be brought from forward blocking mode to forward conducting mode:

1. By exceeding the forward break over voltage.

2. By applying a gate pulse between gate and cathode.

During forward conduction mode of operation, SCR is in on state and behaves like a ciosed

switch. Voltage drop is of the order of 1 to 2mV. This small voltage drop is due to resistance

drop across the four layers ofthe device.

Latching current: The latching current is the minimum value of anode current which must be

attained by the SCR to turn ON.

Holding currenh It is the minimum value of anode curent below which the SCR tums of if it
falls, the SCR will turn OFF.

APPARATUS:

1. SCR characteristics study unit.

2. Meters

a. Voltmeter (0-20) V - 1 No.

' b. Ammeter (0-2) A - I No"

c. Ammeter (0-200) mA - I No.

3. Patch cords

PROCEDURE:

1. Makethe comections as per the circuit diagram.

2. Switch ON the main supply and keep the voltages Vl &V2 at minimum position

initially.

Vary Vr and set the voltage Var to10V.

Slowly vary Vz in steps and note down Ic, Ia and Vai< values.

YaryY2 till Yer suddenly drops down. This indicates that the SCR started conduction.

Repeat the same procedure for Var: 15V and 20V.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technolory
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7. Draw the graph Var vs Ia for different values of Ic'

Procedure to find Latching current:

1. Apply *bout 20 V between Anode and Cathode by varying Vl'

2. Keep the load potentiometer Rl at minimum position'

3. The device must be in the OFF state with gate oper'

4. Gradually increase Gate voltage - V2 till the device tums oN.

5. The minimum anode current at which the SCR turns ON is the latching current.

6. Note down the latching current.

Procedure to find Holding current:

1. Increase the load current from the latching current level by increasing Vl.

2.openthegateswitchpermanently'TheSCRmustbefu}lyoN.

3. Now start reducing the load current gradually by adjusting Ri. If the scR does not turns

oFF even after the Rl at maximum position, then reduce vl.

4. Observe when &e device goes to Blocking mode. The load current through the device at this

instant, is the holding current of the device'

5. Note dg* the holding curreot-

RESULT; The static characteristics ff I Characteristics) of SCR are studied and latching and

holding curents of the SCR are found'

Departr*ent of Electrical and Electronics Engineering, vidya Jyothi Institute of Technology
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CIR9UIT DIAGRAM:
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1. b) STUDY OF CHARACTERTSTTCS OF MOSFET

AIM: To plot the outpui and transfer characteristics of MosFET.

THEORY:
A power MOSFET has three terminals called Drain (D), Source(S) and Gate(G).

MOSFET is a voltage controlled device. It's cperation depends on the flow of majority carriers

only. MOSFET is a uniPolar device.

S*urcc {$} Catc {Ol

Erain

GI
Gate J

Souree

Fig 1.2: MOSFET structure and SYmbol

power MOSFETs are of two types, n-channel enhancement MOSFET and p-channel

enhancement MOSFET. Out of these trxo types, n-channel enhancernent MOSFET is

commonly used because of higher mobility of electrons. t

The IGBT does not conduct when the gate circuit is open. When gate is made positive

with respect to source, an electric field is established. Then negative charges are induced in the

p-substrate below SiO2 layer. The n-channel current flows from drain to source. If Vcs is made

more positive, n-channel expands and therefore, mere current flows from D to S- The drain

current In is enhanced by the gradual incrsase of gale voltage. Hence the name enhancement

MOSFET is used.

Oufput Char*cteristics: Pox'er MOSFET output characteristics indicate the variation

of drain current Io as a function of drain-source voltago Vcs. For low values of Vos, the graph

between Io & Vos is almost linear. This indicates a constant value of on-resistance

Rus: Vos I Io.

For given g6s, if Vos is ingeased, output characteristic is relativeiy flat indicating that

drain current is neariy constant.

D

FJ
l-h*t

5

oxirh tsio:)
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Transfer Characteristics: These characteristics show the variation of drain current In

as a function of gate-source voltage Vcs. In the transfer characteristic, the device tums off if
VGS is decreased below the threshold voltage Vcsr.

APPARATUS:

1. MOSFET characteristics study unit.
n l\ {^+^-^L. M(it(ilJ

a. Voltmeter (0-20) V - 1 No.
b. . Voltmeter (0-200) V - 1 No.
c. Ammeter (0-200) rnA- 1 No,

3. Patch cords.

(a) Drain /Output Characteristics:

1. Make the cocnections as per the circuit diagram.

2. Vary the supply YZ and adjust Vcs :2V.

3. Vary the supply V1 in steps and note down the values of Vos & In

4. Repeat the procedur,e for different values of Ycs (at least two difftrerrt values of Vcs)

5. -Plot the graph of Yns vs In for different values of Ycs.

(b) Transfer Characteristics:

1. Set Vns to 2.5V by varYing Vl.

2- Vary V2 in steps, note down l/6s and In

3. Plot the cha"racteristics Vcs vs In.

RESULT: The Output and Transf,er characteristics of MOSFET are plotted and studied.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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1. c) STUDY OF CHARACTERISTICS Otr'IGBT
AIM: To plot the output and transfer characteristics of IGBT.

THEORY:

Ar IGBT has three terminals called Collector, Gate and Emitter. When gate is positive

with respect to emitter and with gate-emitter voltage more than threshold voltage of IGBT,

an n-channel is forrned in the p-regions as in a power MOSFET. This n-channel short

circuits t}le n-region with n* emitter regions. An electron movement in the n-channel, in

tum, causes substantial hole injection from pf substrate layer into the epitaxiai a- layer.

Eventually, a forward curent is established. The'three layers p*, 11- and p constitute a pnp

transistor with p+ as, emitter, n- as base and p as collector. Also il-, F and n+ layers

constitute npn transistor as shown in below fig 1.3.

Cotlectar (C)

?
cate tcl 1fr\

T
Erni$er (E)

Fig 1.3: IGBT Structure and Symbol

The output characteristics of an IGBT are plot for collector current IC versus collector-

emitter voltage VCE for various values of gate-emitter voltages. The output of IGBT is

controlled by gate emitter voltage VGE. Hence IGBT is a voltage-controlled device.

The transfer characteristic of an IGBT is a plot of collector current IC versus gate-

emitter voltage VGE. This characteristic is identical to that of power MOSFET. When VGE

is less thal the threshold voltage VGET, IGBT is in off-state. When the device is offl

junction J2 blocks forward voltage and in case reverse voltage appears across collector and

emitter, junction Jl blocks it.

APPARATUS:

t. IGBT characteristics study unit.
2. Meters

a. Voltrneter (0-20)V - i No.
b. Voltmeter (0-200)V - 1No.
c. Arnmeter (0-200)rnA - 1 No.

3. Patch cords.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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Transfer Characteristics :

MODEL GRAPHS:

Output Char*cteristics :

Transfer Characteristics:
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PROCEDURE:

(a) Output Characterisfics:

1. Make the connectiaas as per the sircuit diagrarn.

2. YaryY2 and set Vas to 4V.

3. Vary Vl in steps and note down Vcs and Ic for each step.

4. Plot the graph oflc vs Vcs for different values ofVGE.

(b) Transfer Characteristics:

1. VaryVl andsetVCEat5V. 
\

2. Yary Y2 in steps and note down Vce and Ic

3. Plot a graph for Vcs vs Ic.

RESULT: The output and transfer characteristics of IGBT are plotted and studied.

S;.r.1
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CIRCUIT DIAGRAM:

GATE FIRING CIRCUITS
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TABULAR COLUMN:

Load voltage(V)
S.No. Firing angle (u )
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2. GATE FIRING CIRCUITS OF SCR

1. R TRIGGERING CIRCUIT

AIM: To study the switching controi of SCR with R triggerirtg circuit.

THEORY:

The conventional gate triggering circuits used to turn ON an SCR are:

1. Resistance triggering (amplitude coutrol)

EC triggering (Phase control)

UJT triggering (Phase control)

Ramp and pedestal triggering

DC triggering.

6. Digital triggering schemes.

7. Microproeessoreontrolledtriggeringschemes.

8. Light triggering in LASCR.

Resistance Triggering: This is the simplest method of tuming on an SCR in phase control

circuit. A resistance of suitable value is connected between anode and gate through a diode'

Whenever anode voltage is positive, current flows from gate to cathode circuit through this

resistance. Hence SCR tums ON. But the gate current wili remain as long as the anode to

cathode voltage is positive. But the trigger angle can be controiled only from 0 to zr /2 of the

applied voltage. Var can be adjusted with Rz but its phase positive is same as that of the AC

supply voltage. Hence if SCR does not turn on atx 12, it cannot be tumed on after n 12 since

the magnitude of the voltage will decrease after this instant.

Load voltage voc - vm{l!!osa)

APPARATUS:

1. '3€R Triggering module.

2. C.R.O.

3. Patch cords.

4. Multimeter

PROCEDURE:

1. Make the connections as per the circuit diagram.

2. Switch ONthe supply.

3. Set the potentiometer to a particular position and observe the waveforms of VrN, Vo,

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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TABULAR COLUMN I

S.No. Firing angle {u } Load volt*ge ( V )

Load voltage(V)Firing angle (a )

Department of Eleetrical and Electronics Engineering, Vidya Jyothi Institute of Technologr



--*_-**
i power Electronies and Sirnulation Laboratory

V1, on the C.R.O. and note down the corresponding waveforms'

4. Vary the potentiometer in steps and note down the firing angle and the corresponding

load voltage using multimeter.

RESULT: The switching control of SCR with R-triggering is observed and studied.

Department of Electrical and Electronics Engineering, Yidya Jyothi Institute of Technology 10
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ltrr#
2 b) RC TRIGGERING

CIRCUIT DTAGRAM:

RC HALF WAYE TRIGGERINC
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2 b) RC TRIGGERING

AIM: To study the phase control of SCR by RC triggering.

THEORY:

In case of resistance kiggering, the firing angle of the SCR can be varied from 0 to 90o

only, Hence resistance triggering cannot not be employed in practice as the output voltage

cannotbevariedoverawiderange(i.e.,0toVmlaincaseofhalfwaveand0to2Vm/nin

case of fuli wave ).

To\overcome the above limitations, Resistance and Capacitance (RC) triggering is

employed so as to vary the triggering angle of SCR over the complete range 0 to 180'. RC

triggering is very cheap and reliable for 1ow voltage phase controlled circuits.

RC circuit helps to adjust the position of gate to cathode vcltage as the voltage across

the capacitor lags the current through it by 90", by varying R, the phase angle w.r.t., applied

voltage can be adjusted. Hence the triggering angle o, can be varied over a wide range from 0

to 180'. By varying R, we can vary the triggering angie u. The load voitage can be obtained

fromVnc:ry
APPARATUS:

1. SCR Triggering module.

2. C.R.O.

3- Patch cords.

4. Multimeter.

PROCEDURE:

f:'"Muk the connections as per the circuit diagram.

Z. Switch ON the module.

2. Set the potentiometer to a particular position and observe the waveforms of
Vrx, Vo, Vr, Vc on the C.R.O. and note down the corresponding waveforms.

3. Vary the potentiometer in steps and note down the corresponding load voltage

using mqltimeter.

RESULT: The Phase control of SCR with RC triggering is studied.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology 1,3.
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2.C) UJT TRIGGERTNG CIRCUIT.

CIRCUIT DIAGRAM :
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2. c} UJT TRIGGERING CIRCUIT

ArM: To study triggering control of scR using uJT triggering circuit.
TTIEORY:

Uni Junction Transistor (UJT) is a three terminal device with two bases (81 and 82)
and an Emitter (E) as shown in fig 2.1. output pulses of variable time period are possible by
suitably increasing the emitter to base voltage from valley voltage level to peak level either by
employing a constant current source or by charging d capacitor by a resistor. The RC network
can be easily employed to obtain output pulses, since the time period is fixed by RC circuit
through the capacitor voltage Vc. The output pulses derived from the capacitor can be observed
i*fig2.2.

Fig 2.1: UJT S)rrnbol, Structure and simplified equivalent cireuit

In phase controlled rectifier circuiq trigger pulses to SCR must be synchronized or
phase locked with the AC supply frequency. This helps constant DC output voltage across the
load for a specified triggering angle. on the other hand, if synchronization or phase iocking is
not achieved, then even for a minute variation in AC supply frequency, kiggering angle of SCR
varies from instant to instant, resulting in variation irr DC output voltage across the load. To
overcotrle thi$liroblem, the supply voltage to UJT circuit is derived frorn the AC mains using
step down transforrner, rectifier and Zetter diode.

Department of Electrical and Electronics Engineering Vidya Jyothi Institute of Technolog, 1.2
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RC Full-Wave Trieeering
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V+lbgp
a*rmt Ftr

Fig2.2: UJT Oscillator Waveforms

The rectifier circuit converts AC supply available at transformer secondary into firll

wave DC voltage. The DC voltage is clipped to the required DC .,roltage using a zerLer diode.

The series resistance Rs limits the current through the zener diode. The clipped voltage Vz is

applied to the RC charging network and also to the UJT circuit. Depending onthe resistance R

and capacitance of C, trigger pulses can be obtained across isolation pulse transformer

connected to basel. These pulses can be ussd to trigger S9Rs. For SCRs of higher rating, this

small pulse is amptified using a pulse amplifier and then by connecting across gate and ca&ode

of the SCR.

APPARATUS:

1. SCR Triggeriag rnodule.

2. C.R O.

3. Patch cords.

4. Multimeter.

PROCEDURE:

1. Xtak'8the connections as per the circuit diagram.

2. Switch ON the module.

3. Set the potentiometer to a particular position and observe the waveforms of Vnq, Vo,

Vr, Yc on the C.R.O. and note down the corresponding wavefomts.

4, Vary the potentiometer in steps and note down the corresponding load voltage using

multirneter.

RESULT: The UJT kiggering circuit to trigger an SCR is connected and the phase control

of SCR using UJT is studied.

Department of Eleckical and Electronics Engineering, Vidya Jyothi Institute of Technology 13
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SINGLE PHASE AC YOLTAGE CONTROI.LER.

CIRCUIT DIAGRAM:

&wv
f-s

ae .ad$+#
irt *l

Fig 3.1
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3. SINGLf, PHASE AC YOLTAGE CONTROLLER WITH R AND RL LO

AIM: To obtain *re output of Single phase AC Voltage Controller with R & RL load by

irrrplementing phase coatrol technique.

THEORY;

AC Voltage Controller converts fixed alternating voitage to variable aiternating voltage

without change in fiequency. The output of AC Voltage controller is controlled by Phase

control technique. AC Voltage controller can be constructed using two antiparallel connected

SCRS or a TRIAC. The arrangement of SCRs and TRAIC for the respective ckcuits can be

understood from the following circuits.

Fig 3: Single Phase AC Voltage Controllers with anti parallel SCRs and TRIAC

In the first circuit with two antiparallel SCRs, T1 conducts for the positive half cycle

andT} conducts for negative half cycle.

In the second circuit, TRIAC conducts for both the half cycles of AC supply.

Therefore, for the firing angle o symmetrical AC voltage is available across the load. The

load voltage is given bY
L

,o:#t1tf" - a) +Yll'
The voltage control of AC Voltage controller can be done by simply adjusting the

.t.

firing angleof the SCRs or TRIAC by using phase control. The output can be controlled from

0 to maxirnum value for both the half cycles.

/[ll

@
AI}S

Re*is*lrr*
loadr

Rr* lfm*la*ot

t*RI
**i'*,, [".

N-

i APPARATUS:

, 
,. Single Phase AC Voltrge Controlier Unit.

i 2. Loading Rheostat (50Ol2A)

i :. Loading lnductor ( 0-150 mIl l 2A)

i +. Digital Multimeter.

: ,. c.R.o.

i 6. Patchcords.

:
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S.No. Firing Angle a (deg) Yr(Y)

1 180

2 150

a
J 120

4 90

5 60

6 30

7 0
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TABULAR COLUMN:

Bor R Load:

Vm: Volts

For RL Load :

Vm: Volts.
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S.No. Firing Angle c (deg) vr(v)

1 180

2 150

J 1.)ntLv

4 90

5 60

6 30
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EXPECTED WAYE FORMS:
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PROCEDURE:

1. Connect the circuit as per the circuit diagram.

2. Switch ON the mains supply to the unit.

3. The firing angle of the switching circuit can be varied in steps and the corresponding

flring angle, Input voltage, Output voltage, SCR/TRIAC Voltage waveforms can be

recorded frorn the C.R.O.

4. The load voltage is measured using a multimeter.

5. Then connect an Inductive ioad in series tG the resistive load.

6. Repeat the above steps for AC Voltage controller with RL Load.

RESULT: The operation of a Single Phase AC Voltage Conkoller is observed and its control

is output waveforms are obtained for R & R L Loads.

Deparknent of Electrical and Electronics Engineering, Yidya Jyothi Institute of Technology 15
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SINGLE PHASE F'UILY CONTROLLED BRIDGE CONYERTER

CIRCUIT DIAGRAMI
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4. SINGLE PHASE FULLY COI\TROLLED BRII}Gf, CONYERTER WITII R&
RL LOADS

AIM: To obtain the output of Single phase Single Phase fully controlled converter with R &

RL loads.

THEORY:

A Single Phase firlly controlled converter converts Single phase AC supply to DC Supply.

The circuit ofthe ccnverter is as shown in the circuit diagranr.

t
I*ad

V=

Fig 4.1: Single Fhase Fully Controlled Converter

FuIl Controlled Bridge Converter with R Load:

During positive half cycle, thyristors Tr and Tz arc triggered simultaneously through

independent isolated pulse transformers. The pair of SCR's conduct up to n. SCR T: & SCR

T+ are triggered in the next half cycle wi& another pair of isolated pulse transformers.

Full Controllod Bridge Converter with RL load :

During positive half cycle, thyristors Tr & Tz are furward biased and when these 2

thyristors are fired simultaneously, at 0)t : o . the load is coonected to the input supply through

Tz &Tq. Due to inductive load, Tr & Tz will continue to conduct beyond lrt:7t, even though
"j:- ".

the input roliage is already negative. During negative hallcycle of the input voltage, thyristor

T: & Ta are forward biased, and firing of thyristors T: & Ta will apply the supply voltage across

the load. Due to inductive load, T3 & T4 will continue to conduct beyond {ilt:2Tl,eYen though

the input voltage is already positive.

During the period flom cr to a, the input voltage Vs and input curent are positive and

the current flows from the supply to the load. The converter is said to be operated in

rectification mode. During the period from zr to zr *o, the input voltage Vs is negative and the

Department of Electrical and Electronics Engineering, Yidya Jyothi Institute of Technolory 16



S.No. Firing Angle a (deg) vr-(V) Ir (A)
Vl:ym(1*cosa)

7t

1 180

2 150

a 120

4 90

5 60

6 30

0

Power Electronics and Simulation Laboratory

TABULAR COI,T]MN:

tr'or R Load:

Vm: Volts.

For Rr Load:

Vm: Volts.

ffi.€ry+4EE
..,€F.l

: -t'

S.No. Firing Angle c (deg) Vr(V) Ir,(A) Vr:V.(1*cosu)ler

I r80

2 150

a
J 120

4 90

5 60

6 30

0

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology



Power Electronics and Simulation Laboratcry

EXPECTED WAVEFORMS:
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rAf,

@
\/input current 15 is positive and there will be reverse power flow from the load to the suppl

The converter is said to be operated in inversion mode.

APPARATUS:

1. Single phase fi.rlly controlled bridge converter power unit

2. Single phase fuily controlled bridge converter fuing unit

3. Single.phase Isolation transformer (0-230)Vl5A with tappings.

4. Loading Rheostat - 150C:15A.

5. Inductor- 150 mH i 5A

6. C.R.O.

7. Patch cords.

PRSCEDURE:

1. Make the connections as per the circuit diagram.

2. Switch on the Power Supplies of the main circuit and switching circuit.

3. Vary the firing angle in steps and record output voltage, thyristor voltage waveforrns.

4. Note down the output voltage & output current from the voltmeter and ammeter.

5. Repeat the same procedure after connecting L load in series with the R load.

RESULT: The output of Single phase Single Phase fully cantrolled converter with R & RL

loads is obtained and studied.

Department of Electrical and Electronics Engineering Yidya Jyothi Institute of Technology 17
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D. C. JONES CHOPPER

{*'St
i!*v {"^

Fig 5.1
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5. DC JONES CHOPPER WITII R & RL LOADS

ArM: To obtain the output of DC Jones chopper with R and RL Load.

THEORY:

Chopper converts fixed DC Voltage to variable DC voltage. The control strategies used for
controi of DC DC choppers are Time Ratio Conkoi and Current Limit Control.

Chopper circuit consists of a thyristor switch connected between the source and the

load. The switch is elosed & opened periodically such that the load is connected and

disconnected from the supply alternatively. Thus the average voltage impressed on the load is

controlled by controlling the ratio of ON state interval to one cycle duration.

The average output voltage of the chopper is given by

vavs: r ffl v
where v is input voltage, ToN is oN time duration of the chopper. The ratio Torrr I T is called
the duty ratio of the chopper. The duty ratio can be controlled in many ways such as by
changing the oN period duty ratio by keeptng frequency constant or by changing &equency

and keeping ON period constant. Fixed frequency choppers with a variable ON period
technique are generally used because of less harmonic contents.

4..
Fig 5.1: DC Jones Chopper

The Jones chopper circuit uses a Class-D commutation circuit. Here, an auxillary
thyristor is used to tum OFF the main SCR TM. It is assumed &at the capacitor C is initially
charged to voltage witht]le potarity shown. When Tnr is turned ON, the capacitor is discharged
through it and through the inductor L. At the end of discharge cycle, the capacitor voltage will
reverse and will be held by diode D to stay with this polarity when Tn is fred, the capacitor

will discharge thtough TM and will turn it OFF. Since a reverse voltage is applied aeross the

Departrnent of Electrical and Electroaics Engineering, Vidya Jyothi Instifute of Technology j.g
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TAFULAR COLUMN :

Frequency: _

Department of Electrical and Electronics Engineering Vidya Jyothi Institute of Technology

S.No. Duty Ratio ToN Tonr Load Yottage (Y)

S.No.
Frequency

(Hz)

ToN

(ms)

Torr

(ms)

Load Yoltage

(v)
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TM immediately after tuming ON the SC& this phenomenon is known as Vol

Comrnutation-

APPARATUS;

l. Chopper power module

2. Chopper flring unit

3. Regulated Power suPPlY (0-30)V

4. Loading Rheostat (50O/2A)

5. Inductor - 50 mH /2A

6. Multimeter.

7. CRO

8. Patch cords

PROCEDURE:

1. Make the connections as per the circuit diagram with R Load.

2. Keep the frequency knob and duty ratio knob at some intermediate position-

3. Set the DC power supply to 30V & switch ON the DC power supply to the chopper and

the firing circuit.

4. Observe VO, VTl, VTZ, VP1, VP2, VC waveforms on the CRO and note down the

corresponding waveforms.

5. Keeping the frequency constant, vary the duty cycle in steps & ncte down ToN, Torr

and load voltage for each steP.

6. Repeat the above step by varying frequency and keeping duty ratio constant-

7. Connect RL load and note down the output voltage VQ & repeat the above procedure.

NOTE:

1. At lower frequencies, SCR may not tum ON due to insufficient voltage across the
.i, :

capacitor.

2. If the duty cycle is increased to large value, SCR may not turn OFF due to insufficient

voltage across the capacitor to eommutate the SCR. In such cases, switch OFF the

kits and after some time switch oN and continue the procedure.

RESUTT: The output of Single Phase Jones Chopper circuit and its operation is studied.

,,llf

w
tage
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SINGLE PHASE PARALLEL II{\{ERTER

CIRCUIT DIAGRAM:

3oV

s\l

ffiu
gs*f xe

Fig 6.1

? eols H/eA {e_
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6, SINGLE PHASE PARALLEL INVERTER

AIM: To obtain the output of Single phase Parallel Inverter and study its operation
withR&RLload.

THEORY:

An Inverter converts DC power into AC power at desired output voltage and frequency.

LTI

ril.,,.|}.,
LIT'.

Fig 6.i Parallel Inverter

In Single Phase Parallel Inverter, the capacitor is used for commutation oftwo thyristors

Tr & Tz. An inductor is connected in series with the supply voltage because the source current

becomes constant. During the operation of this inverter circuit, commutating capacitor C comes

in parallel due.to this, it is called Parallel Inverter,

In mode 1 operation, whefl SCR Tris fired, the curent flows in the upper hatf of the

primary winding. Here, SCR T: is OFF. This current produces magnetic flux which links with
both the halves of the primary winding. Due to this, the capacitor charges to the voltage VDg

with upper plate positive w.r.t. lower plate.

In rnobe 2 operation, when SCR Tz is triggered, the capacitor starts discharging with
upperplate negative. Then Tr gets into OFF state. Based on eapacitor charging and discharging,

the SCRs gets into OFF and ON states with positiye and negative ou@ut voltages. When the

capacitor current decays to zero, the capacitor voltage becomes +2vnc.The same process is

repeated for next cycle.

APPARATUS:

Parallel Inverter Module-

Regulated Power supply(0-3 0)V

1.

2.

1'. = -2Y" lC

Departrnent of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology 2A
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TAEULAR QOLUMN:

R Load

RL

S.No. Frequency (I{z) Output Voltage ($

Load

S.No.
Frequency

(IIz)

Output Yoltage

fn
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t/

- L\8"
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-lxL $$ey.rnnpt'( l1
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*
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3. Loading Rheostat (50fi/2,{)

4. Inductor - 50 mH /2A

5. Digital Multimeter.

6. Patch cords.

7. CRO.

PROCEDURE:
1. Make the connecticns as perthe circuit diagrarn.

2. Adiust the DC supply to 15V and Switch oN rhe Main unit and the fuing unit.
3' Set the frequency at a particular value and observe the load voltage

waveformVo,Vtt,Vrz,Vpt,Vp2,Vc on CRO and note down the corresponding
waveforms.

By changing the frequency, note down the output AC voltage using a multimeter.
Connect the RL load and repeatthe same procedure

NOTE:

At lower frequencies SCR may not tum oN due to insufficient voltage aoross the
capacitor. Hence adjust the frequency to a higher value (approxirnately above 100 Hz).
For cornmutation failwe switch oFF the firing circuit as well as pcwer circuit and
switch it ON agun.

RESULT: The output of Single Phase Parallel Inverter is observed and studied.

4.

5.

1.

1

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology 11
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SINGLE PHASE CYCLO CONVERTER.

CIRCUIT DIAGRAM:

Fig7.l

i:.i-.t,;
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T.SINGLE PI{ASE CYCLO CO}TTYERTER

AIM: To obtain the output of single Phase cyclo converter circuit and to study its operation

wi& R and RL loads.

THEORY:

Cyclo converter converts input power at one frequency to output n}ower at a different

frequency. Cyclo Converters are used in speed control of high power AC drives, induction

heating etc.

Fig 7.1: Single Phase Cyclo converter

The Single phase Cycloconverter circuit is as shown above. The following sequence of

operation can be followed One group of SCR's produces positive polarity load voltage and

other group produces negative half cycle of the output. scR's Pr & Nz of the positive group

are gated together depending on the polarity of the input. only one of them is allowed conduct

when a is positive with respect to o. SCR's Nl & Pz of the negative group are gated together

depending 6rt+he polarity of the input. Only one of them is allowed conduct when b is positive

with respect to O. By triggering the respective SCR during negative orpositive half cycles, any

of the half cycle can be achieved at the load side. The order of switching sequence decides the

frequency of Cyclo converter.

APPARATUS:

1. Cycloconverter Power unit-

2. Cycloconverter firing unit.

+ L_#"_
Ya,: N l

N2
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TABULAR COLUMN:

I''or R Load:

Vm = Volts.

For RL Load :

Vm = Volts.

S.No. Frequency Yr (Y)

1

2

1

4

5

6

7

S.No. Frequency Yr. {V}

1

2

a
J

4

5

6

7
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EXPECTED WAVEFORMS:
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3. Single Phase Isolation transformer (center tapped)

4. Loading Rheostat - 150alZA

5. Iqductor- (0-150 mH/ 5A

6. Digital Multimeter.

7. C.R.O.

8. Patch cards.

PROCEDURE:

1. Make the connections as per the circuit diagram'

2. Switch ON the power unit and the firing unit '

3. Set the frequency division to 2., note down the waveform across the load Vo

and note down the output voltage and cru:rent readings from the voltmeter and

the ammeter.

4. Note down the output voltage wavefom for different fi'equency divisions and

note down the output voltages and currents'

5. Now connect RL load.

6. Repeat the above steps for cyclo converter with RL load.

RESULT: The output and operation of Single Phase Cycloconverter with R & RL load is

observed.
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8. SINGLE PIIASB SERIES INVERTER

AIM: To obtain the output of Single phase Series Inverter circuit with R and RL Load and

study its operation.

THEORY:

In Series Inverter, commutating components are permanently connected in series with

the load. Series Inverters are also classifred as self-commutated inverters & Load commutated

Inverters.

'--f'--l1

+cLcl

I
8.,

{
i*__-*

Fig 8.1: Series Inverter

This circuit consists sf, load resistance R in series with commutating components L &

C. The values of L & C are so chosen that the series RLC circuit forms an under damped circuit.

Two thyristors T1 and T2 are turned on appropriately so that output voltage of deslred

frequency can be obtained.

When thyristor T1 is turned ON with T2 OFF, current starts building up in the RLC

circuit. As the circuit is under damped, the load current after reaching peak value, decays to

zero. After flryristor T1 has commuted, upper piate of capacitor attains positive polarity. Now,

when T2 is tumed ON, capacitor discharges and load current flows in reverse direction up to

some peak negative value and then decays to zero. The capacitor sores charge during one half

cycle and releases the same amount of charge during next half cycle.

APPARATUS:

1. Series Inverter unit

2. Loading Rheostat - 50Al2A

3. Regulated Power suPPlY (0-30)V

Department of.Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology 24
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Time Period

{ms )

Frequency

(Hz)

Output voltage

(Y)

i: Power Electronics and Simulation Laboratory

TABULAR COLUMN:

R Load
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4. Inductor - 50 mH / 2.A

5. Multimeter.

6. Patch cords

]. CRO

PROCEDURE:

1. Make the connections as per the circuit diagram w'ith R Load.

Z. Adjust the DC supply voltage to 30 V and Switch ON the DC power supply and the

firing unit.

3. Set the frequency at a particular position and obserue the output w'aveforrn Vo,Vtt,

vr:,vpr,vpz,vcr,vc2 on the cRo and note down the corresponding waveforms.

4. By varying the fiequency in steps, note down the AC output voltage using multimeter'

5. Connect RL load and note down the output voltage Vo and repeat the same procedure.

NOTE: In case of Commutation failure, switch OFF tlie power module and the

tiring unit and again switch it ON.

RTSULT: The output of Single Phase Series Inverler and its operation with R& RL load is

obsen ed and studied.
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SINGLE PHASE HALF COI{TROLLED COI{I{ERTER

CIRCUIT DIAGRAM:
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9. SINGLE PHASE HALF CONTROLLED CONYERTER

AfM: To obtain the output of Single phase Half Controlled Bridge Converter and study the

operation.

THEORY:

tmd

Fig 9.1: Single Phase Half controlled Coaverter

The Single Phase Half controlled Converter circuit consists of two SCR's and two

diodes. During the positive half cycle, the SCR Tr and diode Dz conduct when triggered at firing

angle u. Tr and Dz conducts from ex to a' For negative Half cycle, the scR Tz and diode Dr

conducts from rs * ato 2 x.

This converter wiil not allow negative voltage across the load as it tums off soon after

the d.iode gets reverse biased. It has better power factor due to this reason and is commonly used

in application W to l5KWatts and it has lot of advantages compare to fully controlled converter

like low cost, good power factor and low load current ripple. Some of the disadvantages are
1'"

higher harmonil content in the source current and since the output voltage cannot be made

negative, inverter operation is not possible.

APPARATUS:

1" Single phase Half controlled Bridge Converter power circuit.

2. Singtre phase Converter firing circuit.

3. Single phase Isolation transformer 23AYDA

4. R Load - 50 ohrns / 2Amps"
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TABULAR COLUMN:

ffiut voltage(V) OutPut Curent
InputYoltage ffia Firing

angle(u)
S.No
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5. L Load

6. CRO

PROCEDURE:

I . Switch ON the Mains Supply to the Fiting circuit. Observe alL the test points by varying

the firing angle andtrigger outputs ON/OFF switch.

2. Switch ON the main circuit supply and firing circuit and note down the voltage wave

forms across load and devices for firing anglezero.

3. Note down the wave forms across load and devices for different firing angles.

4. Repeat the same procedure for difftrent firing angles.

5. Repeat the same for R-L load with and without &eewheeling diode and note down the

wave forms.

RESULT : The operation of single phase Half controlled converter and wave forms

for different firing angles are observed.
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10. SIMULATION OF SINGLE-PHASE TULL COIWERTER USING RLE
LOADS AND SINGLE.PHASE AC VOLTAGE CONTROLLER USING RLE
LOADS.

A) SINGLE P}IASE FUIL CONVERTER USING RL AND E LOAI)

AIM: To simulate single phase full converter using PSPICE and obtain its output.

APPARATUS: Computer and pSpICE Software

THEORY:

- 
PSpice A/D is a simulation program that models the behaviour of a circuit containing

any mix of analog and digital devices. Because the analog and digital simuiation aigorithms
are built into the same program, PSpice A,{D simulates mixed-signal circuits with no
performance degradation because of tightly coupled feedback ioops between the analog and
dig1tal sections.

PSpice A/D can perform DC, AC, and lransient analyses, so the respons€ of a circuit to
different inputs can be tested. The range of models built into pspice A/D include resistors,
inductors, capacitors, and bipolar kansistors, diodes and different types of sources.

.TRAN (transient analysis)

Purpose: The .TRAN command causes a iransient
circuit and specifies the time period for the analysis.

analysis to be performed on the

General form .TRAN[op] +[no-print value fstep ceiling value]l[sKlpBp]

Examples .TRAN ins 100ns

.TRAN/OP lns 100ns 20ns SKIpBp

.TRAN lns 100ns Ons .lns

.TRAN 1 rrs 1 00ns Ons {SC}IEDULE(0, 1 ns,25ns,. 1 ns)}

.PROBE (Probe)

Purpose; The 'PROBE command writes the resuits from DC, AC, and transient
analyses to a datafile used bv probe.

Generail:form .PROBEfICSDFI[output variable]

Examples .PROBE .PROBE V(3) V(2,3) V(Rl)

OPTIONS (analysis options)

Purpose: The .OPTIONS command is used to
parameters for the simulator.

General form .OPTIONS [option name]* [ <option name]: <value>]*

(vr$ r.ru) rB(Q I 3) VBE(Q 1 3)

set all the options, limits, and control

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technolory 28
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FOURIER COMPONENTS OF TRANSIENT RESPONSE (VY)
DC COMPONENT : .2.420296E-07

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALLZED

NO GlZ) cbupoNsNr coMpoNENT (DEG) PHASE (DEG)

1 5.000E+01 2.495E+00 1.000E+00 -1.532E+01 0.0008+00

21.000E+025.a528,-a72.a258.07|.4748+021.801E+02
31.500E+027,715F_013.092E-011.474F+021.963F+42
4 2.0008+02 4.7208-07 1.8928 07 3.130E+01 9'656E+01

5 2.500E+02 4.0i8E-01 1.610E-01 5.824E+01 1.398E+02

6 3.000E+02. 5.385E-07 2.158E.07 .9.582E+01, 2.a728+00

73.500E+021.976E-017.9|78-a?-7.201E+014.22aF+01
8 4.0008+02 4.3288-07 1,.7358-07 1.469F+A2 2.774F+02

94.500E+022.010E-018.054E-021.6168+023.0858+02

TOTAL HARMONIC DISTORTI0N : 3,6645228+01 PERCENT

JOB CONCLUDED
TOTAL JOB TIME -27 Sec
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OUTPUT:
****rr****Diode
PARAMETFRS * * d. * * * * * * I * d< * * * * * * * * * * {< * * r,< * *< * * * * * * * d< * * * * d< * * * * *
*****<{.{.******{.{.*I**8*d.**{.****8******{<8**:S8e*{<*88**8*t88***8**at******8*****

***
XTI.DMOD XT2.DMOD XT3.DMOD XT4.DMOD

IS 2.2000008-15 2.2000008-15 2.200000E-1s 2.200000E-15

BV 1.200000E+03 1.200000E+03 1.200000E+03 1.200000E+03

{.***{<****VOltage Controlled Switch MODEL

PARAMETERS I * {c* # * * * d. I :f * * * * * * * * * I * + d. * * * * * *
*****************:r***************:F+****,F****8**8*************{<***t*********
*jd*

XTl.SMOD XT2.SMOD XT3.SMOD XT4.SMOD
RON .0105 .010s .0105 .010s

ROFF 1.000000E+06 1.000000E+06 1.000000E+06 1.000000E+06

MODEL

VON ,5

VOFF O

.5 .5

00
.5

0
**********INITIAL TRANSIENT SOLUTION TEMPERATURE : 27.A9ADEG C
**:f *********t****{.*****t{.******************8******+16't8***********{'8{<*******
***
NODE VOLTAGE NODE VOLTAGE NODE VOI,TAGE NODE YOLTAGE
( 1) 0.0000 ( 2) 10.0000 ( 3) -e.eeeg ( 4) 10.0000

( s) 10.0000 ( 6) 10.0000 ( 1) 0.0000 ( 8) 10.0000

( e) 0.0000 ( 10) 0.0000 (xr1.4) 10.0000 (xr1.s) 10.00E-06

(xTi.6) 10.0000 (xT1.7) 10.00E-06 (xT2.4) 0.0000 (xT2.s) -9-9ee8

(xr2.6)-110.0E-12 6T2.7) -9.e9eS (Xr3.4) 10.0000 (xT3.s) 10-00E-06

(xT3.6) 10.0000 (xT3.7) 10.00E-06 cKT4.4) 0.0000 (xT4.5) '9.99e8
(xT4.6)-l r0.0E-12 {xT4.7) -9.9998

VOLTAGE SOURCE CURRENTS
NAME CURRENT
vs 4.163F-16
vcl 0.000E+00
vG2 0.000E+00
vG3 0.000E+00
vG4 0.000E+00
YX -2.000E-11
YY -4.163E-16
XTI.VX *,'0.000E+00

xTl.VY -1.000E-11
xr2.vx 0.000E+00
XT2.VY -1.000E-11
xT3.\rx 0.000E+00
XT3.VY -1.000E-1 1

XT4.VX 0.000E+00
XT4.VY -1"000E-11
TOTAL POWER DISSIPATION 4.OOE-10 WATTS

***{.**{.+***FOURTER ANALYSIS TEMPERATURE : Z7.A00 DEG C
*:F *:&d. ** * **rF* ***t<***{< ****{. ******* *{<**(******* *** ** **{<* * * * ** ******{< 't ***** ** * **

Department of Electrical and Electronics Engineering Yidya Jyothi fustitute of Tectrmolagy



Pow-er Electronics and Simulation Laboratory

PROCEDURE:

1. write the Program in PSPICE .cir file or in .txt flle, by identifying nodes in the circuit'

2. Save the program and run it in PSPICE A/D'

3. Observe thebutput fi1e for outputs like nodal voltages, source currents and power

dissipated.
i. Open probe and enter the waveforms to be plotted and get the plots.

5. Note down the plots in graph sheets and veriff it with theoretical values'

PROGRAM:

s * * * * * {< * * SINGLE, PHASE AC SUPPLY{< * * * * * 8* I E * I * * * s * * ** * * * * &x * * *

vs 10 0 sIN(0 32sv soHz)
* * * * * * * * * *( * {< * I * *IVL\IN CIRCUIT* * * * *'& * * *'r * * * * x * * * * * * * * * * * {< * *

vG1 6 2 PULSE(0V 10V 3333.33US lNS lNS 100US 20000us)

vGZ7 0 PULSE(0V 10v 3333.33US lNS lNS t00us 20000us)

VG3S2PULSE(010vi3333.33US1NSlNS100US20000US)
vG4glPUISE(O10V13333.33USlNSlNS100US20000US)
* * x * * * * * *,F,r * * * * ** ** t * {. * * sLoAD** * * * ** * * {< a* * x 8 * + * 88 8 ** * * * * * 8* * * * *

R 2 4 1000HL,{
L 4 5 5.5MH
vx53DC 20V
VYlOlDCOV
********************{6**S\trITCFIES**$****''<*8*******''<***********8**
XTl 1 262SCR

XT23OTOSCR
XT3O282SCR
XT43191SCR
***rF***d<+***********8 jr*d.Begin of Sub circuit for SCR********** 

jr**8*<***

.SUBCKTSCR1232
51 1562SMOD
RG3450
vx42DC0V
VY5TDCOV
DT 7 2 DMOD
RT621
CT 62IOUF' .

Ft 2 6 POLY(2) \X VY 0 50 11

.MODEL SUtrO VSWITCH (RON:0.0105 ROFF:10E+5 VON:g5V VOFF:gV)

.MODEL DMOD D(ls:2.28-t5 BV:1200V TT:0 cJo:O)

,ENDS SCR
******x**********{<****rF*End of Sub circuit for SCR***8*8****'F******{<*

.TRAN 5OUS 1OOMS 3OMS 5OUS

.OPTIONS ABSTOL: 1 .00N RELTOL: 1 .0M \,NT0L:0.01 ITL5:20000

.FOUR IAHZ(VY)

.PROBE

.END

RESULT: The response of single phase full wave bridge converler is verified using SPICE

software.
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CIRCUIT DIAGRAM:
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OUTPUT:

******s**V0LTAGE CONTROLLED SWITCH MODEL

PARAMETERS*{< 
* * * * * * *** * f * d' s

****s{<***{<*8**{<{<*********8*{<******,r***+*****a{<{<**,6********s*{<********{<*****

* *,t

XTl.SMOD XT2.SMOD

RON .01 '01

ROFF 1.000000E+06 1.000000E+05

voN .1 .i
VOFF O O

********INITIALTRANSIENTSOLUTIONTEM?ERATURE:27'}A}DEGC
*****8*+***rr**********+*'i*****onuli**^*u*n*****'***8*****************8d1***+***

*I", VOLTAGE NODE VOLTAGE, NODE VOLTAGE NODE VOLTAGE'

a t- 0.0000 { z) I 9?99 ! 11 0 0000 ( 4) 0'0000

( s) 0.0000 { e; o.qgry-L- 7) 0'0000 cxrl'4) 0'0000
' vblrecE souRcE cURRENTS

NAME CURRENT
vs 0.0008+00
vcl 0.000E+00
vG2 0.000E+00

vx 0.000E+00

xT1.VX 0,000E+00

xT1.VY 0-000E+00

TOTAT POWER DISSIPATION O.OOE+OO WATTS

* * {< {. * * s * *TFOURIER ANALYSIS TEMPERATURE: 27,OAO DEG C

il : ffi ; I I P-YP. r- HflJ i lY * * * * * * * * #ffifi; i i'* * * * * * * * * + * * * * * * *'F * * t< * * * * * *

*8*

FOURTERCOMPONENTSOFTRANSIENTRESPONSE'V(4)
DC COMPONENT : -5.0193078-A4

HARMONICFREQUENCYFOURIERNORMALIZEDPHASEN0RMALIZE,D
No (HZ) chvtroxeNr corvrpoNsNr (DEG) PHASE (DEG)P

, 6.9999+01 
-ioriB*oz 

1'000E+00 -1'788E+01 0'000E+00

2 1.2008+02 g.s6sg-a+ g'459F. 06 -8'191E+01 -4'614E'+01

3 i.8008+02 ai.telg**t 6'098E-01 6'883E+01 1'2258+02

4 2.400I'+02 q.0s:r-o+ 8'9S2E-06 -6'561E+01 5'928E+00

5 3.000E+02 i.zlzg+ot 3'335E-01 -6'8768+01 2'067F+01

' 6 3.699g+02 b.sggn-o+ 9'591E-06 -5'180E+01 5's5iE+01

7 4.200r,+02 z.sosp*oo 7 '421F.-02 1'2328+02 2'4949+02

8 4.800E+02 t.oo:r-o: g'921F.-06 -4'581E+01 9'727F+01

g 5.400E+02 i.:osg*or 1.293E-01 -l.27AE+A2 3.j979+01

TOTAL nanrraoxic otsronuoN - 7.1082978+01 PERcENT

JOB CONCLUDED
TOTAL JOB TIME '05 sec

Department of Electrical and Electronics Engineering, vidya Jyothi Institute of Technology
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.OPTIONS ABSTOL: 1 .00n RELTOL: 1'0m YNTOL: 1'0m ITL5: 1 0000

.FOUR 60HZ V(4)

.END
RESULT: The response of single phase AC voltags conkoller is verifled

sofbware.

using SPICE
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SIMULATIONoFRESONANTPULSECOMMUTATI0NCIRCUIT

CIRCUIT DIAGRAM:

V-=
l1

C Z: L

Fig 11.1

Deparfinent of Eleetrical and Electronics Engineering, vidya Jyothi Institute of rechnology



Power Eleclronics and Simulation Laboratory

11. SIMULATION OT RESONANT PULSE COMMUTATION CIRCUIT

AIM: To simulate Resonant commutation using PSPICE and obtain its output.

APPARATIJS: Computer and PSPICE software

PROCEDURE:

1. Write the Program in PSPICE .cir file or in .txt file, by identifying nodes in the circuit'

2. Save the program and run it in PSPICE AID'

3. Observe thebutput file for outputs like nodal voltages, source cu*ents and power

dissipated.
4. Open probe and enter the waveforms to be plotted and get the plots'

5. Note down the plots in graph sheets and verify it with theoretical values'

PROGRA1VT:

* * * * * * * * * * * * SINGLE PHASE AC SUPPLY* * * * * * I * * * * * * * * I * * * * * * * * * * {< * *

VS lODC2OOV
* * s * I {i * + * * * * * * * *}v{r{IN CIRCUIT* * * * * * * t I * * I * r * 4' * *'r * * * I * * * I * *

YGl7 0 PULSE(0V 100v 0 lUS lUS 0.4MS 1MS)

vG2 I 0 PULStr(0v 100v 0.4MS ius lus 0.6MS 1MS)

vG3 9 0 PULSE(oV 100v 0 1us 1us 0.2MS lMS)
***}k***d<********d<********LOA|)********************,t******8*****{<

RG1 7 O 1OMEG
RG2 8 O 1OMEG

RG3 9 O 1OMEG
L2 3 2A.4UH
C 12 41.2UF IC:2OOV
Dl 41DMOD
DM O 4 DMOD
.MODEL DMOD D(IS:1E-25 BV:1000v)
RM452
LM567MH
vx60DC0v
VYl lODCOV
********{<*#*.**{.**,F*{<***SwTTCHES'!t*****************8***t***(*****
xr1 10470TMOD
xr23 4I0 TMOD
XT3 139OTMOD
**{<rF*******rr*r,r**********Begin Of SUb CifCUit fOf SCR**8*****iF******'kd<*

.SIIBCKTTMOD 1234
DT 5 2 DMOD
ST1534SMOD
.MODEL DMOD D{IS:2.22E-15 BV:1200V CJO:0 TT:0)
.M3DEL SM3D vdwtrcu (RON:0.01 RSFF:10E+6 V3N:1SV YOFF:5V)

.ENDS TMOD
* * * * * * * I * * * * * * *< * * I * * * * * {.End of Sub circuit for SCR* * * * * * * * * * 8* & * a * * d< *

.PROBE

.TRAN 1US 6MS 4MS

Departrnent of Elec,trical and Elecbonics Eagineering Yidya Jyothi Institute of Technology
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TA;;;;;;;;;;;; @
OUTPUT: M'DEL******DloDE
PARAMETERS * {' E *' * * * * + * * * * * * * 1' * * * * * * * * * * * {' * * * * * * x * * * * * * * * *

* *** *+*a** 8* {c s{<**8 ** * ******* *r"**i'<*s a*d'*if **'6**{' * *** **** *** x ****8 8!B * * **:ldi *8**

**x
DMOD XTI.DMOD XT2'DMOD XT3.DMOD

IS i00.0000008-27 2.220008F.-15 2-2200AAE{5 2'220A008-15

8V1.000000E+031.200000E+031.200000E+031.200000E+03

Switch

XT3.SMOD' 
.01

10.0000008+06
10

5

MODEL********:r***Voltage Controlied

PARAMETERS* * * * * * *t* *a * * d'**d{ *'* * * {' * *

XTl.SMOD XT2.SMOD
RON
ROFF 10.000000E+06 10.000000E+06

voN 10 10

VOFF S 5

>********{<INITIAL TRANSIENT soLUTIoN TEMpERATURE : 27.000 DEG c
**************r<rF*****rr*****{<******************ct**+**'6***********'<**********
***
N0DEVOLTAGENODE,VOLTAGENODEV0LTAGENODEVOLTAGE
i r) 200.0000 ( 2) 3e.s8E-0e L 3) 3e'888-09 ( 4) 3e'88E-06

f ,i 0.0000 ( 6) 0.0000 \ l)--0'0000 
( 8) 0'0000

i ,i 0.0000 i rdl 200.0000 (xrl.s) .se28 (xr2.s) 40.31E-0e

(xr3.5) .se28

VOLTAGE SOURCE CURRENTS
NAME CURRENT

.01

-1.994E-05
0.000E+00
0.000E+00
0.00GE+00
1.994F-45
r.994E-05

.01

.08 Sec

VS
vG1
vG2
vG3
VX
VY

TOTAL POWER DISSIPATION 3.99E-03 V/ATTS

't. \

JOB CONCLTIDED

TOTAL JOB TIME

Department of Electrical and Electfonics Engineering, vidya Jyothi lnstitute of Technolory



Power Electronics and Simulation taboratory

.OPTIONS ABSTOL= 1 . 000U RELTOL:0.0 1 \r|{TOL:0. 1 ITL5:20000

.END
RESULT: The response of Resonant commutation circuit is verified using SPICE software.
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12. SIMULATION OF SINGLE PIIASE IIIIYERTER WITH PWM CONTROL.

AIM: To simulate single phase inverter with PWM controller using PSPICE and obtain its

output.

APPARATUS: Computer and PSPICE software

PROCEDURE:

Write the Program in PSPICE .cir fi1e or in .txt fiie, by identifying nodes in the circuit.

Save the progftrm and run it in PSPICE A/D.
Observe the Output file for outputs like nodal voltages, source currents and p+wer

dissipated.
4. Open probe and enter the waveforms to be piotted and get the plots.

5. Note down the plots in graph sheets and verif it with theoretical vaiues'

PROGRAM:8*{'* CIRCUIT DESCRIPTION : l-PH PWM INVERTER

VSlODC1OOV
vR 17 0 PULSE(5OV 0V 0 1MS 1MS lNS 2MS)
RR 17 O 2MEG
vcl i5 0 PULSE(0 -30V 0 lNS lNS 10MS 20MS)
RCl 15 O 2MEG
vc3 16 0 PULSE(0 -30V 10MS lNS 1NS 10MS 20MS)
RC3 16 O 2MEG
R 4 6 2.50HM
vx34DC0V
YYl2DCOV
DL3 7. DMOD
D2 O 6 DMOD
D3 62 DMOD
D4 O 3 DMOD
.MODEL DMOD D(IS:2.2E- 15 BV-1 890V)

Qt 27 3 QMOD
Q26eoQMOD
Q32116QMOD
Q43130QMOD
.MODE L akIgD NPN(I 5:6 .7 3F BF :41 6.4 CI C=3. 63 8P CJE:4.493 P)

RG1 8 7 1000HM
RG2 10 9 l000HM
RG3 12 11 1000HM
RG4 14 13 1000HM

KPW1 17 15 I3 PWM
xPw2 t7 15 1A 0 P\IrM
xPw3 t7 t612 6 PWM
xPw4 L7 16 t4 0 PWM

.SUBCKTPWMI234
Rl 1s1K
R2251K

1.
)
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RIN 2 O 2MEG
R0 6 3 750HM
c0 3 4 10PF

RF 5 3 100K
F164052E+5
.ENDS PWM
.TRAN 1OUS 16.67MS O 1OUS

.OPTIONSABSTOL:I.00NRELTOL:O.0IvNToL:0.1ITL5:20000

.PROBE

.END

RESULT: The output voltage and cunents of PwM Inverter are observed by simulating the

circuit in PSPICE.

ge

@
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