Modelagem e Controle de Sistemas Fotovoltaicos

Aula 06 - P2: Estruturas de Sincronismo com a Rede
Eletrica (PLL)

Prof. Heverton Augusto Pereira
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SRF-PLL - Synchronous Reference Frame

v Transformacdo abc-dq

v’ Controlador Pl

v’ Estrutura simples

v’ Susceptivel a disturbios da rede como tensdes desbalanceadas e componentes harménicas
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Fonte: P. Rodriguez, J. Pou, J. Bergas, J. . Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for
power converters control,”|IEEE Trans. Power Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.




SRF-PLL - Synchronous Reference Frame
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Fonte: P. Rodriguez, J. Pou, J. Bergas, J. . Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for power converters control,”|IEEE
Trans. Power Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.
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Fonte: P. Rodriguez, J. Pou, J. Bergas, J. . Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for power converters control,”|IEEE
Trans. Power Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.



DDSRF - Decoupled Double Synchronous Reference Frame

v’ Transformacdo abc-af
v’ Transformacdo af-dq
v dqg: sequéncia positiva

Fonte: P. Rodriguez, J. Pou, J. Bergas, J. I. Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for power converters
control,”IEEE Trans. Power Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.



DDSRF - Decoupled Double Synchronous Reference Frame

v Desacoplamento entre sequéncia positiva e negativa
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Fonte: P. Rodriguez, J. Pou, J. Bergas, J. I. Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for
power converters control,”|IEEE Trans. Power Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.



DDSRF - Decoupled Double Synchronous Reference Frame

v Desacoplamento entre sequéncia positiva e negativa
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Fonte: P. Rodriguez, J. Pou, J. Bergas, J. |. Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for power converters control,”|IEEE Trans. Power
Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.



DDSRF - Decoupled Double Synchronous Reference Frame
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Fonte: P. Rodriguez, J. Pou, J. Bergas, J. . Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for
power converters control,”|IEEE Trans. Power Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.
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DDSRF - Decoupled Double Synchronous Reference Frame
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Fonte: P. Rodriguez, J. Pou, J. Bergas, J. I. Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for
power converters control,”|IEEE Trans. Power Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.
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DDSRF - Decoupled Double Synchronous Reference Frame
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Fonte: P. Rodriguez, J. Pou, J. Bergas, J. I. Candela, R. P. Burgos, and D. Boroyevich, “Decoupled double synchronous reference frame PLL for power converters control,”IEEE Trans. Power
Electron., vol. 22, no. 2, pp. 584-592, Mar. 2007.



DSOGI-PLL - Dual Second Order Generalized Integrator

v’ Principios bésicos: transformacdo abc-abc*
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Fonte: P. Rodriguez;, R. Teodorescu; |. Candela; AV. Timbus, M. Liserre and F. Blaabjerg. New Positive-sequence Voltage Detector for Grid Synchronization of Power Converters under Faulty
Grid Conditions," Power Electronics Specialists Conference, 2006. PESC '06. 37th IEEE, 2006, pp. 1-7.



DSOGI-PLL - Dual Second Order Generalized Integrator

v’ Principios bdsicos: transformacdo abc-ap*
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Fonte: P. Rodriguez;, R. Teodorescu; I. Candela; AV. Timbus, M. Liserre and F. Blaabjerg. New Positive-sequence Voltage Detector for Grid Synchronization of Power Converters under Faulty

Grid Conditions," Power Electronics Specialists Conference, 2006. PESC '06. 37th IEEE, 2006, pp. 1-7.



DSOGI-PLL - Dual Second Order Generalized Integrator

v Problema durante variacdes de frequéncia
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Fig. 1. PSC output when grid frequency changes («=40Hz, &’=50Hz).

Fonte: P. Rodriguez;, R. Teodorescu; |. Candela; AV. Timbus, M. Liserre and F. Blaabjerg. New Positive-sequence Voltage Detector for Grid Synchronization of Power
Converters under Faulty Grid Conditions," Power Electronics Specialists Conference, 2006. PESC '06. 37th IEEE, 2006, pp. 1-7.



DSOGI-PLL - Dual Second Order Generalized Integrator

v' SOGI — pode ser usada para gerar sinais em quadratura
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Fonte: P. Rodriguez;, R. Teodorescu; I. Candela; AV. Timbus, M. Liserre and F. Blaabjerg. New Positive-sequence Voltage Detector for Grid Synchronization of Power Converters under Faulty
Grid Conditions," Power Electronics Specialists Conference, 2006. PESC '06. 37th IEEE, 2006, pp. 1-7.



DSOGI-PLL - Dual Second Order Generalized Integrator
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Fonte: P. Rodriguez;, R. Teodorescu; |. Candela; AV. Timbus, M. Liserre and F. Blaabjerg. New Positive-sequence Voltage Detector for Grid Synchronization of Power Converters under Faulty
Grid Conditions," Power Electronics Specialists Conference, 2006. PESC '06. 37th IEEE, 2006, pp. 1-7.



DSOGI-PLL - Dual Second Order Generalized Integrator
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Fonte: P. Rodriguez;, R. Teodorescu; I. Candela; AV. Timbus, M. Liserre and F. Blaabjerg. New Positive-sequence Voltage Detector for Grid Synchronization of Power Converters under Faulty
Grid Conditions," Power Electronics Specialists Conference, 2006. PESC '06. 37th IEEE, 2006, pp. 1-7.



DSOGI-PLL - Dual Second Order Generalized Integrator

a SOGI
-QSG

abc
’ [Taﬁ]
Vs | soal .
| -asc | 9Vp v 1 1 —gq
" 2la 1
DSOGI-QSG PSC q

Fonte: P. Rodriguez;, R. Teodorescu; I. Candela; AV. Timbus, M. Liserre and F. Blaabjerg. New Positive-sequence Voltage Detector for Grid
Synchronization of Power Converters under Faulty Grid Conditions," Power Electronics Specialists Conference, 2006. PESC '06. 37th IEEE, 2006,
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DSOGI-PLL - Dual Second Order Generalized Integrator
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DSOGI-PLL - Dual Second Order Generalized Integrator
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Fonte: P. Rodriguez;, R. Teodorescu; I. Candela; AV. Timbus, M. Liserre and F. Blaabjerg. New Positive-sequence Voltage Detector for Grid Synchronization of Power Converters under Faulty
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Inversor Fotovoltaico

v' Retroalimentacdo da frequéncia para que a estrutura seja adaptativa a variacées
de frequéncia.
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Comparacao entre PLLs

TABLE 1
COMPARISON OF PLLL. METHODS

SRE | DSRF | PSF | SSI | DSOGI
Distortion rejection - - + + +
Unbalance robustness - + + + +
Positive seq. detection - + + - +
Structural simplicity + - - + +
Single phase utilization - - - + _

Fonte: L. R. Limongi, R. Bojoi, C. Pica, F. Profumo and A. Tenconi, "Analysis and Comparison of Phase Locked Loop Techniques for Grid Utility
Applications," Power Conversion Conference - Nagoya, 2007. PCC '07, Nagoya, 2007, pp. 674-681.
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