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Thesis topic: single phase AC/DC rectifiers

Main issue: low power quality for single phase diode rectifiers
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40

Improved solution
Active Rectifier With Boost Power Factor Correction (PFC) Stage
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Virtual Capacitor

Based on the concept of nonlinear capacitor:

"4 - | ™ - )
Instead of a linear In the flat region
» dependence between Q »

and V it has a flat region in

1
the range [Qminr Qmax] E
Ore ¢ ~ ~ E o

It is possible to try to emulate this behavior by means of an auxiliary circuit connected to the DC bus
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Virtual Capacitor

The pulsed energy is
stored in the buffer
capacitor
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Virtual Capacitor

Control Strategy
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Experimental Validation

Laboratory Test Setup
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Experimental Validation
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Experimental Validation

Load Pulse (VC OFF): Amplitude: 8.254 (3.3 kW @400 V)
Rising and falling rate: 50 A/s
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Experimental Validation

" Lower ripple on the DC bus |

=
° = 405 1 4 4 1 4 { 4 4 {
Load Pulse (VC ON): Tl A AL A A A A AL at steady state )
Amplitude: Saif V.V V.V VV V V] \/ Distortion due to dead time
z 01 200 205 201 205 206 207 205 29 2. and high frequenc
8.25 A (33 kW @400 V) 2 201 202 203 204 2(;1)5 206 207 208 209 2.1 regonan(le Yy
.. . o - J
Rising and falling rate: = wf ]
50 A/s i, Cleaner current absorbed
= 0l ‘ | __from the grid — THD 2.5%
5 2 2.;]1 Z.IUZ 2.IU3 2.;]4 2.IU5 2.IUﬁ 2.:]7 2.:]8 2.I[19 2.1
(b)
E 400
= 5 5
L Por Large voltage oscillation on J
2 300 c
| the buffer capacitor
© 2 2.01 2.02 2.03 2.04 2.05 2.06 2.07 2.08 2.09 2.1
(¢)
&)

2 2.01 2.02 203 204 206 206 207 208  2.09 2.1

\ PEIC

Power Electronics Innovation Center 11/ 1 5




Experimental Validation
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Experimental Validation

DC Link — VC Comparison

/DCLinkApproach\ /" VC Approach
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Conclusions

Conclusions:

 AFE + VC good candidate for grid friendly AC/DC converters

« Excellent ripple attenuation with possibility of a Plug n Play application

« VC can reduce the need of capacitors on the DC side — Higher power density

Future developments:
» Realization of a VC prototype with SiC MOSFET technology to improve the control performances
with higher switching frequency

Personal contribution:

 Bibliographic analysis concerning active rectification and impedance emulation

« Sizing of the main components of the system

» Definition and implementation of the control logic of the two devices (PFC and VC)

* Modelling and simulation, both electrical and thermal, of the system on PLECS environment
« Experimental validation

— PEC o

Power Electronics Innovation Center




Thanks for the attention!

— PEC o

Power Electronics Innovation Center




