
FERRAMENTA PARA SIMULAÇÃO DE REDES DE TESTES DE DISTRIBUIÇÃO IEEE 
COM VEÍCULOS ELÉTRICOS

Zenio Felipe Pereira Marques 1

Eduardo Machado Dos Santos 2

Resumo:

Veículos movidos a combustão interna são um dos maiores emissores de gases poluentes da indústria 
automotiva. Pensando nisso, com o objetivo de reduzir a emissão de gases poluentes, alguns países 
sancionaram leis proibindo a fabricação dos mesmos. Atendendo as novas exigências, as indústrias 
automobilísticas têm investido em novas tecnologias. Uma opção para a redução de emissão de gases 
poluentes são os veículos elétricos (VEs). Os VEs necessitam se conectar a rede elétrica para recarregar 
suas baterias. Caso a recarga das baterias seja feita de modo descoordenada, poderá ocorrer picos de 
consumo na rede de distribuição, aumentando as perdas elétricas e consequentemente utilizar de fontes 
de energia poluente. Nesse contexto, o presente trabalho tem como objetivo criar uma interface gráfica 
para facilitar a simulação da recarga de veículos elétricos conectados nas redes de testes de distribuição 
IEEE 37 e 123 barras em modo diário, onde possa alterar entrar perfis de consumo, a inclusão de VEs, 
recarga com curva de carga adaptada, quantidade de VEs e grandezas elétricas a serem medidas.
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$ LQG~VWULD DXWRPRELOtVWLFD WHP LQYHVWLGR FDGD YH] PDLV QDV SHVTXLVDV H SURGXo}HV GRV� � � � � � � � � � � � �

YHtFXORV HOpWULFRV �9(�� SURYD GLVVR VmR RV LQ~PHURV PRGHORV Mi FRPHUFLDOL]DGDV HP WRGR R� � � � � � � � � � � � � �
PHUFDGR�PXQGLDO���

8P GRV SULQFLSDLV IDWRUHV SDUD R FUHVFLPHQWR GHVWH UDPR LQGXVWULDO p D SUHRFXSDomR� � � � � � � � � � � � �
FRP R PHLR DPELHQWH� 9HtFXORV PRYLGRV D FRPEXVWmR LQWHUQD� HPLWHP GLDULDPHQWH WRQHODGDV� � � � � � � � � � � �
GH JiV FDUE{QLFR QD DWPRVIHUD� 2V YHtFXORV HOpWULFRV KtEULGRV �9(+� D HPLVVmR GH JDVHV� � � � � � � � � � � � � �
SROXHQWHV p LQIHULRU VH FRPSDUDGD RV FDUURV WUDGLFLRQDLV� H QRV YHtFXORV WRWDOPHQWH HOpWULFR� � � � � � � � � � � � �
�9(��QmR�Ki�HPLVVmR�GH�JDVHV�SROXHQWHV��

$OJXQV SDtVHV HXURSHXV VDQFLRQDUDP OHLV SURLELQGR D IDEULFDomR GH YHtFXORV PRYLGR� � � � � � � � � � � �
VRPHQWH D FRPEXVWtYHLV IyVVHLV� FRP R REMHWLYR GH UHGX]LU D SROXLomR QRV JUDQGHV FHQWURV� � � � � � � � � � � � � �
XUEDQRV��&$67/(�67(3+(1���

8P 9( QmR HPLWH JDVHV SROXHQWHV� SRUpP� VH D UHFDUJD GH VXDV EDWHULDV QmR IRUHP� � � � � � � � � � � � � � �
FRQWURODGD GH IRUPD LQWHOLJHQWH� SRGHUi RFRUUHU SLFR GH FRQVXPR QDV UHGHV GH GLVWULEXLomR�� � � � � � � � � � � � �
VHQGR QHFHVViULR DWLYDU RXWUDV IRQWHV GH HQHUJLDV� TXH SRGHP VHU SROXHQWHV� SDUD VXSULU D� � � � � � � � � � � � � �
GHPDQGD� SRU H[HPSOR� XPD WHUPRHOpWULFD� (VVH p XP SUREOHPD TXH YDL WRWDOPHQWH FRQWUD R� � � � � � � � � � � � � �
SULQFtSLR GD XWLOL]DomR GRV 9(V H SDUD TXH LVVR QmR RFRUUD p QHFHVViULR FULDU HVWUDWpJLDV GH� � � � � � � � � � � � � � � �
UHFDUJD�GDV�EDWHULDV���+8���

2XWUR SRQWR LPSRUWDQWH p VDEHU FRPR D UHFDUJD GRV 9(V DIHWDUi D UHGH GH GLVWULEXLomR� � � � � � � � � � � � � � �
GH HQHUJLD� FRQVLGHUDQGR TXH DR FRQHFWDU YiULRV 9(V QD UHGH� RFRUUHUi XP DXPHQWR GH FDUJD�� � � � � � � � � � � � � � �
SRGHQGR JHUDU PDLRUHV SHUGDV HOpWULFDV� VREUHFDUJD QRV WUDQVIRUPDGRUHV H UHJXODGRUHV�� � � � � � � � � �
GLPLQXLU�D�FRQILDELOLGDGH�H�TXDOLGDGH�GR�VLVWHPD�HOpWULFR���*+$5%$28,���

3DUD TXH D UHFDUJD GRV 9(V QmR VH WRUQH XP SUREOHPD SDUD DV FRQFHVVLRQiULDV GH� � � � � � � � � � � � � � �
HQHUJLD HOpWULFD� p QHFHVViULR UHDOL]DU VLPXODo}HV FRP GLIHUHQWHV FHQiULRV GH SHQHWUDomR GRV� � � � � � � � � � � �
9(V QDV UHGHV GH GLVWULEXLomR� DOWHUQDQGR HQWUH D FXUYD GH FDUJD GD UHGH� FXUYD GH FDUJD GD� � � � � � � � � � � � � � � � �
UHFDUJD��Q~PHUR�GH�9(V�H�FDUJD�GRV�PHVPRV����*5((1�,,���

7HQGR HP YLVWD RV SUREOHPDV DPELHQWDLV FDXVDGRV SHORV YHtFXORV GH FRPEXVWmR H RV� � � � � � � � � � � � �
SUREOHPDV TXH SRGHP DFRQWHFHU FRP D RSHUDomR GD UHGH GH GLVWULEXLomR GH HQHUJLD� FDVR� � � � � � � � � � � � � �
RFRUUD D UHFDUJD GHVFRRUGHQDGD GR 9(V� HVWH WUDEDOKR WHP FRPR REMHWLYR SULQFLSDO FULDU XPD� � � � � � � � � � � � � �
LQWHUIDFH JUiILFD SDUD VLPXODU DV UHGHV GH WHVWHV GH GLVWULEXLomR ,((( �� EDUUDV H ,((( ���� � � � � � � � � � � � � � � �
EDUUDV HP PRGR GLiULR� RQGH SRVVD DOWHUDU HQWUDU SHUILV GH FRQVXPR� D LQFOXVmR GH 9(V�� � � � � � � � � � � � � � �
UHFDUJD FRP FXUYD GH FDUJD DGDSWDGD� TXDQWLGDGH GH 9(V H JUDQGH]DV HOpWULFDV D VHUHP� � � � � � � � � � � � � �
PHGLGDV��
�
�
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3DUD UHDOL]DU DV VLPXODo}HV� XWLOL]D�VH GRLV VRIWZDUHV� 2SHQ'66 �2SHQ 'LVWULEXWLRQ� � � � � � � � � �

6\VWHP 6LPXODWRU� H 0$7/$%�� 2 2SHQ'66 p UHVSRQViYHO SHORV FiOFXORV� IOX[R GH� � � � � � � � � � � �
SRWrQFLD H SHUGDV GD UHGH GH GLVWULEXLomR� 2 0$7/$%� p UHVSRQViYHO SHOD LQWHUIDFH JUiILFD�� � � � � � � � � � � � � �
RQGH�R�XVXiULR�LQIRUPD�TXDLV�DV�FRQILJXUDo}HV�GH�UHGH�GH�GLVWULEXLomR�TXH�HOH�GHVHMD�VLPXODU��

$V UHGHV XWLOL]DGDV SDUD UHDOL]DU DV VLPXODo}HV VmR UHGHV GH WHVWHV IRUQHFLGDV SHOD� � � � � � � � � � � � �
,(((� QR SUHVHQWH WUDEDOKR XWLOL]DUDP�VH DV UHGHV GH �� H ��� EDUUDV� )RUDP UHDOL]DGRV� � � � � � � � � � � � � �

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������



DOWHUDo}HV QRV DUTXLYRV GDV UHGHV� SDUD TXH IRVVH SRVVtYHO UHDOL]DU DV VLPXODo}HV HP PRGR� � � � � � � � � � � � � �
GLiULR ���

1D LQWHUIDFH JUiILFD R XVXiULR SRGH HVFROKHU GHQWUH QRYH SHUILV GH FRQVXPR SDUD� � � � � � � � � � � � �
UHDOL]DU D VLPXODomR� HVVHV SHUILV GH FRQVXPR VmR VHSDUDGRV HP WUrV FDWHJRULDV� UHVLGHQFLDO�� � � � � � � � � � � � �
UHVLGHQFLDO ILQDO GH VHPDQD H LQGXVWULDO� $V FXUYDV GH FDUJDV IRUDP REWLGDV DWUDYpV GH XPD� � � � � � � � � � � � � � �
FXUYD�GH�FDUJD�DQXDO�GD�,(((��TXH�IRL�VHSDUDGD�HP�����DUTXLYRV�FRP����SRQWRV�FDGD� �

8P GRV SULQFLSDLV SRQWRV SDUD R IXQFLRQDPHQWR GD LQWHUIDFH JUiILFD p D DOWHUDomR GRV� � � � � � � � � � � � � �
DUTXLYRV GH FDUJD GD UHGH �ORDG�GVV�� $ PDQLSXODomR GHVWH DUTXLYR HVWi GLUHWDPHQWH OLJDGD D� � � � � � � � � � � � � �
JUDQGH YDULDomR GH FHQiULRV GH VLPXODomR� QHFHVViULD SDUD TXH GH IDWR R XVR GD IHUUDPHQWD� � � � � � � � � � � � � � �
VHMD��UHOHYDQWH��$WUDYpV�GD�DOWHUDomR�GR�ORDG�GVV�p�SRVVtYHO���
�
� ,QFOXLU�RX�H[FOXLU�RV�9(V�GD�VLPXODomR��
� (VFROKHU VH D UHFDUJD GRV 9(V VHUi FRP R SHUILO GH FRQVXPR GD UHGH RX FRP XP SHUILO� � � � � � � � � � � � � � � � � �

GH�FRQVXPR�DGDSWDGR��
� &DVR�HVFROKD�XPD�UHFDUJD�DGDSWDGD��HVFROKHU�GHQWUH���SHUILV�GH�FRQVXPR�GLVWLQWRV��
� $ TXDQWLGDGH GH DJUHJDGRUHV� SRQWRV GH UHFDUJD GRV 9(V� D VHU LQFOXtGRV QD� � � � � � � � � � � � �

VLPXODomR��
� (�D�FDUJD�GRV�DJUHJDGRUHV�HVFROKLGRV�DQWHULRUPHQWH��

��
1D )LJXUD � SRGH VHU YLVWR GH XPD IRUPD VLPSOLILFDGD� FRPR p WRGR R SURFHVVR SDUD� � � � � � � � � � � � � � � �

UHDOL]DU�D��VLPXODomR�GDV�UHGHV�GH�WHVWH�GH�GLVWULEXLomR�,(((�FRP�D�LQFOXVmR�GH�9(V��
�

)LJXUD����'HPRQVWUDomR�VLPSOLILFDGD�GD�IHUUDPHQWD�GH�VLPXODomR��

�
)RQWH��3UySULR�DXWRU�������

�
�
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$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������
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$SyV UHDOL]DU WRGDV DV DOWHUDo}HV QRV DUTXLYRV GDV UHGHV GH WHVWHV GH GLVWULEXLomR ,(((� � � � � � � � � � � � � �

�� H ��� EDUUDV� FODVVLILFDU H VHSDUDU QRYH SHUILV GH FRQVXPRV GLIHUHQWHV� FULDU GLYHUVRV� � � � � � � � � � � � � �
DUTXLYRV ORDG�GVV� FULDU FXUYDV GH UHFDUJDV DGDSWDGDV H YDULDGRV YDORUHV GH FDUJD GRV� � � � � � � � � � � � �
DJUHJDGRUHV R UHVXOWDGR p D IHUUDPHQWD FRP LQWHUIDFH JUiILFD SDUD VLPXODomR GH UHGHV GH� � � � � � � � � � � � � �
GLVWULEXLomR�,(((�FRP�LQFOXVmR�GH�YHtFXORV�HOpWULFRV��

1D )LJXUD � p SRVVtYHO REVHUYDU FRPR p D LQWHUIDFH JUiILFD GD IHUUDPHQWD� GLYLGLGD HP� � � � � � � � � � � � � � �
��PHQXV�SRS�XS��
�

)LJXUD����,QWHUIDFH�JUiILFD�SDUD�VLPXODomR�GH�UHGHV�GH�WHVWHV�GH�GLVWULEXLomR��

�
�

)RQWH��3UySULR�DXWRU��������

�
$EDL[R�D�GHVFULomR�GH�WRGDV�D�LQIRUPDo}HV�FRQWLGDV�HP�FDGD�PHQX�SRS�XS��
�

� 5HGH�GH�7HVWH�����RX�����EDUUDV��
� 3HUILO�/RDG6KDSH�5HGH��UHVLGHQFLDO��UHVLGHQFLDO�ILQDO�GH�VHPDQD�H�LQGXVWULDO��
� /RDG6KDSH 5HGH� WUrV SHUILV GH FRQVXPR FRP FDUDFWHUtVWLFDV GHILQLGDV QR SRS�XS� � � � � � � � � � �

DQWHULRU��
� 9HtFXORV�(OpWULFRV��&RP�YHtFXORV�RX�6HP�YHtFXORV��

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������



� 5HFDUJD $GDSWDGD� FDVR WHQKD 9(V� SRGH�VH HVFROKHU HQWUH XPD FXUYD GH UHFDUJD� � � � � � � � � � � �
DGDSWDGD�RX�QmR��

� &XUYD GH 5HFDUJD $GDSWDGD� FDVR D UHVSRVWD DQWHULRU WHQKD VLGR 6LP� QHVWH PHQX� � � � � � � � � � � � �
SRGHUi�HVFROKHU�HQWUH�WUrV�FXUYDV�GH�FDUJD�DGDSWDGDV�GLIHUHQWHV��

� 4XDQWLGDGH GH $JUHJDGRUHV� 4XDQWLGDGH GH SRQWRV GH UHFDUJD D VHU LQFOXtGR QD� � � � � � � � � � � �
VLPXODomR��

� &DUJD�GRV�$JUHJDGRUHV��SRGHUi�HVFROKHU�GHQWUH�WUrV�FDUJDV�GLVWLQWDV��
�

��&216,'(5$d®(6�),1$,6��
�
2V YHtFXORV HOpWULFRV Mi VmR UHDOLGDGHV HP DOJXQV SDtVHV QR PXQGR H ORJR WDPEpP� � � � � � � � � � � � � �

HVWDUmR PDLV SUHVHQWHV QR PHUFDGR QDFLRQDO� D UHFDUJD GHVVHV 9(V p DOJR TXH GHYH VHU� � � � � � � � � � � � � � �
HVWXGDGD H DQDOLVDGD FRP PXLWR FXLGDGR� SDUD HYLWDU D XWLOL]DomR GH IRQWHV GH HQHUJLD� � � � � � � � � � � � � �
SROXHQWHV�SDUD�D�UHFDUJD�GDV�EDWHULDV���

6LPXODU FRPR DV UHGHV GH GLVWULEXLomR LUmR VH FRPSRUWDU HP GLIHUHQWHV FHQiULRV p DOJR� � � � � � � � � � � � � �
GH VXPD LPSRUWkQFLD SDUD D RSHUDomR GR VLVWHPD HOpWULFR FRPR XP WRGR� 3DUD DVVLP VHU� � � � � � � � � � � � � � �
SRVVtYHO HVWLPDU FRPR D UHGH LUi VH FRPSRUWDU FRP DV PXGDQoDV GH SHUILV GH FRQVXPR� SDUD� � � � � � � � � � � � � � � �
TXH�VHMD�SRVVtYHO�PDQWHU�D�TXDOLGDGH�H�D�FRQILDELOLGDGH�GD�HQHUJLD�HQWUHJXH�DR�FRQVXPLGRU��

$ IHUUDPHQWD FULDGD QHVWH WUDEDOKR� IDFLOLWDUi RV HVWXGRV VREUH R LPSDFWR FDXVDGR SHORV� � � � � � � � � � � � �
9(V�QDV�UHGHV�HP�PLOKDUHV�GH�FHQiULRV�SRVVtYHLV���
�
5()(5Ç1&,$6��
�
�
&$67/(�67(3+(1��%ULWDLQ�WR�%DQ�1HZ�'LHVHO�DQG�*DV�&DUV�E\������7KH�1HZ�<RUN�
7LPHV���'LVSRQtYHO�HP��
�KWWSV���ZZZ�Q\WLPHV�FRP������������ZRUOG�HXURSH�XN�GLHVHO�SHWUROHPLVVLRQV��
KWPO"PFXE] �!��$FHVVR�HP����VHWHPEUR�������
�
�
*+$5%$28,� 0� HW DO� $Q DGYDQFHG VPDUW PDQDJHPHQW V\VWHP IRU HOHFWULF YHKLFOH UHFKDUJH� ,Q�� � � � � � � � � � � � � �

(OHFWULF�9HKLFOH�&RQIHUHQFH��,(9&��������,(((�,QWHUQDWLRQDO���,(((��������S�������

�

�

*5((1 ,,� 5REHUW &�� :$1*� /LQJIHQJ� $/$0� 0DQVRRU� 7KH LPSDFW RI SOXJ�LQ K\EULG HOHFWULF YHKLFOHV� � � � � � � � � � � � � � �

RQ GLVWULEXWLRQ QHWZRUNV� $ UHYLHZ DQG RXWORRN� �5HQHZDEOH DQG VXVWDLQDEOH HQHUJ\ UHYLHZV�� Y� ���� � � � � � � � � � � � � �

Q�����S�����������������
�
+8� =HFKXQ HW DO� ,PSDFWV DQG XWLOL]DWLRQ RI HOHFWULF YHKLFOHV LQWHJUDWLRQ LQWR SRZHU V\VWHPV� ,Q�� � � � � � � � � � � � � � �

=KRQJJXR 'LDQML *RQJFKHQJ ;XHEDR�3URFHHGLQJV RI WKH &KLQHVH 6RFLHW\ RI (OHFWULFDO� � � � � � � � � �

(QJLQHHULQJ����&KLQHVH�6RFLHW\�IRU�(OHFWULFDO�(QJLQHHULQJ��������S��������
�
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