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What's the name of this rectifier?
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6-pulse (Diode or Thyristor) Rectifier
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Identical to 3-phase full bridge rectifier
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What's the name of this rectifier?
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What's the name of this rectifier?
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12-pulse Rectifier
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Reading: Power Electronics, Lander, Section 2-9 5/28



12-pulse Rectifier: Source Side
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Two secondary windings: Delta and Wye connected /2



How can you obtain 24 pulse, or 48 pulse?
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How can you obtain 24 pulse, or 48 pulse?

Phase Shifting Transformer
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How can you obtain 24 pulse, or 48 pulse?

Phase Shifting Transformer

,'/\ Phase shift

71]28



12-pulse Rectifier: Devices
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What is the rated device voltages compared to output voltage?
8/28



12-pulse Rectifier

Used in HVDC systems with series devices
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12-pulse Rectifier: Qutput

Can you plot the voltage waveform?
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12-pu|se Rectifier: Qutput
(an you plot the voltage waveform?
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12-pulse Rectifier: Input
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12-pulse Rectifier: Input

supply input line currents
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What about harmonics?
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. 6 pulse:
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What about harmonics?
. 6 pulse: 5th, 7th harmonics (no triple harmonics)

. 12 pulse: 11th, 13 th harmonics

h:n*12::1
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What about harmonics?
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What about harmonics?
. 6 pulse: 5th, 7th harmonics (no triple harmonics)

. 12 pulse: 11th, 13 th harmonics
h=nx12+1
. 18 pulse: 17th, 19th

. 24 pulse:
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What about harmonics?
. 6 pulse: 5th, 7th harmonics (no triple harmonics)

. 12 pulse: 11th, 13 th harmonics
h=nx12+1
. 18 pulse: 17th, 19th

. 24 pulse: 23rd, 25th
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What about harmonics?

Harmaonic
5 7 11 b | 17 19 25 THD:
order (h) ‘ ‘ - H

G-pulse
without
line reactor
(S1iff source)

B0.0% | S8.0% | 18.0% | 10.0% | 7.0% 6.0%% 5.0% 25% | 101.5%

00w | 1508 | sox | 4on | 406 | 306 20w | 20 | 4k

B-pulse
with 5% 32.0% | 9.0% 4.0% 3.0% 3.00 2.0 1.5% 1.0% | 33.9%
line reactor

6-pulse
 with ling:
harmanic filter

(LHF)

25% | 25% | 20% | 20% | 15% | 1.0% | 05% | 05% | 49%

12-pulze 37% 1.2% | 69% | 3.2% | 03% | 0.2% T4% | 1.3% | B8%
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18-pulse. 06% | 0E% | 05% | 04% | 3.0% 2.2% | 05% | 03 | A9%

NOTE: Relative shaet circuit rotio of the power system is ossumed to be between 20 to 50, For a relotive short circuit retio
higher thon 50 {strong supply system), the values in toble above will be higher, 13 / 28



HVDC( Rectifiers
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How does it looR like?

12-pulse thyristor converter for Pole 2 of the HVDC Inter-Island between the North
and South Islands of New Zealand (= 350kV).

15/28



How does it look like?

40 km Cook

+ 350 kV Strait Cables

Rating - 700 MW
with two cables

Rating - 500 MW
with one cable

-350kV 535 km DCline 40 km Cook 35 km DC line
section - Strait Cables  Section -
Benmore South Island North Island Haywards
220 kv 220 kv

12-pulse thyristor converter for Pole 2 of the HVDC Inter-Island between the North

and South Islands of New Zealand.
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Shanghal

Blljlnq%
KEY

— Cperating 1,000ky AC
=== (Operating 800ky DC “_-___-___
= Ruilding 1,000kv AC * Hong Kong

= Building 800kv DC

. ABB HVDC
- Siemens HVDC
- Thyristors - The heart of HVDC
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https://www.youtube.com/watch?v=UBu3_saPuOs
https://www.youtube.com/watch?v=uLKfDjUfor4
https://www.abb-conversations.com/2015/11/thyristors-the-heart-of-hvdc/

Even more pulses?
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Even more pulses?

24 Pulse
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Figure 6. Using zig-zag transformer for reducing systems’ harmonic content
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Even more pulses?

48 Pulse

~.Drawing
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Frequency Conversion:
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Frequency Conversion:

Cycloconverters
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Frequency Conversion:

Cycloconverters

Converts AC to (lower frequency) AC
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Frequency Conversion:

Cycloconverters

Converts AC to (lower frequency) AC
No need to have DC-link
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Frequency Conversion:

Cycloconverters

Converts AC to (lower frequency) AC

No need to have DC-link

Used in MW-sized motor drives (ships, mines, traction)
. ABB Brochure, discontinued

. Siemens Sinamics

Reading: Power Electronics, Lander, Chapter 5

20/28


https://library.e.abb.com/public/2abc426982e203e6c1256e4d004deb49/ACS%206000c%20Cycloconverter.pdf
http://www.mena.abb.com/industries/db0003db002811/214b39527235c875c1257b270083a382.aspx
https://new.siemens.com/global/en/products/drives/sinamics.html

Cycloconverters
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Cycloconverters

Simplest (ase

Single Phase to Single Phase
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+ve converter
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Figure 2
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Cycloconverters

Simplest (ase

Single Phase to Single Phase

AN ANNANTA
\VAAVARVARV.

Average voltage per pulse

ATATATA SN

Figure 3

Ve — Input Voltage

Vp— Output Voltage
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Cycloconverters

Three Phase to Single Phase
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Cycloconverters

Three Phase to Single Phase (with 6 pulse)

Voltage
I — Current
Desired
output
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Cycloconverters

Three Phase to Single Phase (with 12 pulse)
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Cycloconverters

Three Phase to Three Phase (6 pulse)
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Cycloconverters

Three Phase to Three Phase (12 Pulse!)
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You can download this presentation from:
Reysan.me/ee463
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http://keysan.me/ee463

