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Review

N-Phase Half Wave Rectifier
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Review

3-Phase Half Wave Diode Rectifier
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Review

3-Phase Half Wave Diode Rectifier Average Voltage?
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Review

3-Phase Half Wave Diode Rectifier Average Voltage?
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Half-bridge Thyristor Rectifier
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Half-bridge Thyristor Rectifier

—-i Lo

¢ i
il i
L

6/39



Half-bridge Thyristor Rectifier

Average Voltage?
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Half-bridge Thyristor Rectifier

Average Voltage?

Vdc(a) — ?)Z\fi%h,rmscos(a)
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Full-bridge Thyristor Rectifier
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Full-bridge Thyristor Rectifier
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Diode Rectifier (orcx = ()
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Full-bridge Thyristor Rectifier

Remember output voltage follows line to line voltages!
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Full-bridge Thyristor Rectifier

Remember output voltage follows line to line voltages!

‘Currents in each valve
(T v vi [vs T vi | vs [ vs T vi | vsi [ vs

ve | v2 | va | ve | va | va | ve [ v2 | wva |

ADC voltage, line to neutral

A

DC voltage, line to line

NV V VIV VYV VIV VY VYV VIV VvV

12 /39




Full-bridge Thyristor Rectifier

Non-zero firing angle
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Full-bridge Thyristor Rectifier

Non-zero firing angle
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Full-bridge Thyristor Rectifier

Non-zero firing angle

14 /39



Full-bridge Thyristor Rectifier

Non-zero firing angle
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Output Voltage vs. Firing Angle

15/39



Output Voltage vs. Firing Angle
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Output Voltage vs. Firing Angle

(b) a=30°
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Output Voltage vs. Firing Angle

(c) a=60°
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Output Voltage vs. Firing Angle




Output Voltage vs. Firing Angle
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Output Voltage vs. Firing Angle
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(f) a=150°
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Output Voltage vs. Firing Angle
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Full-bridge Thyristor Rectifier

Average output voltage?

22139



Full-bridge Thyristor Rectifier

Average output voltage?
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Vd(a) — \/ Wl,rmscos(a)
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Full-bridge Thyristor Rectifier
What about the current?
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Full-bridge Thyristor Rectifier
What about the current?
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Current Waveform: No triple harmonics

Comparison: Single Phase, Three Phase
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https://www.google.com.tr/?gfe_rd=cr&ei=XqrmWLLjEc-z8weYuJvgDA&gws_rd=ssl#q=sin(x)%2Bsin(3x)/3%2Bsin(5x)/5%2Bsin(7x)/7%2Bsin(9x)/9%2Bsin(11x)/11%2Bsin(13x)/13%2Bsin(15x)/15%2Bsin(17x)/17
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Current Waveform: No triple harmonics

Comparison: Single Phase, Three Phase
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Current Waveform:
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Full-bridge Thyristor Rectifier

Current Waveform:
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Full-bridge Thyristor Rectifier

Current Waveform:

Fundamental RMS: [ .1 = V6 _ 0.781,

T
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Full-bridge Thyristor Rectifier

Current Waveform:

Fundamental RMS: [ .1 = V6 _ 0.781,

T

Total RMS: I, = 4/ 2 Iy = 0.81614
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Full-bridge Thyristor Rectifier

Current Waveform:

Fundamental RMS: [ .1 = V6 _ 0.781,

T

Total RMS: I, = 4/ 2 Iy = 0.81614

THD=31.08 %
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Effect of Ls (Commutation)
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Effect of Ls (Commutation)
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Effect of Ls (Commutation)
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Commutationncx = O, L, = 0

Currents in each valve

A
[ vi T va [T vs T vi ] va [ vs | vi ] vi [ vs

TV6|V2IV4|V6|V2|V4|V6|V2IV4|_

DC voltage, line to neutral

C voltage, line to line
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Commutationncx = O, L, > 0

Currents in each valve

Vl\V3/V5XV1\\V3/V5XV1\V3 V5

\V6/ vz)(w\ ve'/ V2XV4\\ vs/ Vz)( ZH

DC voltage, line to neutral

C voltage, line to line
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Commutation: o = 20,L, > 0

LCurrents in each valve
V5 Vl\V3/V5XV1\\V3/V5XV1\\V3/

Tvsj vz)(v4\ Vﬁ'/ Vz)( v4\ V6/ vz)( V4\_

DC voltage, line to neutral

TC voltage, line to line

A A A A AN A ANAN A AN ANANANANANANAN

g 31/39




Commutation: o« = 40,L, > 0

Currents in each valve
A

[vs Vl\VS/VSXVI\\VS/VSXV]\\G/=
T\\ V6/’ vz)( v4\\ V6/ vz)( V4\\ VG/Vz)( v4_\

DC voltage, line to neutral

TC voltage, line to line
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Effect of Ls (Commutation)
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Effect of Ls (Commutation)
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Effect of Ls (Commutation)

A, = wLsId (repeatsitself every 77 / 3)
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Effect of Ls (Commutation)

A, = wLsId (repeatsitself every 77 / 3)

342 3wlLsld
Vd(a) — \/ ‘/ll,rmscos(a) —

s s
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Effect of Ls (Commutation)
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Effect of Ls (Commutation)

Introduces a voltage drop on the rectified side

2wl

. Single Phase: iy
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Effect of Ls (Commutation)

Introduces a voltage drop on the rectified side

2wl

. Single Phase: iy
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Effect of Ls (Commutation)

Introduces a voltage drop on the rectified side

2wl

. Single Phase: iy

s

3wl

s

. Three Phase: iy

. Resultant voltage ina 3-ph rectifier:

2 L
Vie = —3\fVl cos(a) — Swhs
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Inverter Mode of Operation

Two Quadrant Operation
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Inverter Mode of Operation

Two Quadrant Operation
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Two quadrant operation with source side voltage (i.e. DC motor)
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How can you obtain four-quadrant operation?
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How can you obtain four-quadrant operation?

Use two separate converters

L k

conv, convy |

Ref: Mohan Chapter 13 DC Motor Drives
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How can you obtain four-quadrant operation?

Use two separate converters

Positive Converter

X

S!P SE

Negative Converter

S
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Ammature
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Ref: Mohan Chapter 13 DC Motor Drives
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You can download this presentation from:
Reysan.me/ee463
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