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Resumo:

Este trabalho apresenta um estudo sobre as linhas de transmissão com geometria coaxial. Primeiramente, 
analisa-se o comportamento circuital de uma linha de transmissão e explora-se o equacionamento 
matemático que modela esse circuito. Este estudo das linhas de transmissão é visto pela análise 
minuciosa de um circuito em que se resolvem as equações diferenciais do modelo equivalente, estudam-
se o comportamento para diferentes terminações, aplicam-se as condições de contorno na solução da 
equação diferencial e consideram-se parâmetros resistivo (R), condutivo (G), capacitivo (C) e indutivo 
(L) de linhas reais. Como objetivo geral, deseja-se desenvolver uma ferramenta numérica baseada na 
solução deste modelo equivalente a partir do Método dos Elementos Finitos (MEF). Esta técnica consiste 
em discretizar o problema e impor condições de contorno adequadas. Por fim, um sistema de equações 
lineares deve ser resolvido para se determinar a tensão ao longo de uma linha de transmissão arbitrária. 
A análise dos resultados é realizada de forma gráfica a partir do Software Matlab. Deste modo, este 
trabalho descreve o desenvolvimento de uma ferramenta computacional que contém a implementação 
matemática de linhas de transmissão. Adicionalmente, essa ferramenta numérica é utilizada para se 
determinar a atenuação dos cabos coaxiais em função do seu comprimento físico, e validada com o uso 
do Software Txline para diferentes frequências de atenuação.
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1DV�~OWLPDV�GpFDGDV��WRUQRX�VH�SRVVtYHO�SURMHWDU�H�FRQVWUXLU�OLQKDV�GH�WUDQVPLVVmR��/7V��
PDLV�PRGHUQDV��GH�GLYHUVRV�WDPDQKRV�H�SDUD�XPD�LPHQVD�JDPD�GH�DSOLFDo}HV��2�WDPDQKR�GD�
/7�GHILQH�HP�ERD�SDUWH�VHX�XVR��SDUD�FRPSULPHQWRV�PHQRUHV�HP�FLUFXLWRV�GH�DOWD�IUHTXrQFLD�H�
HP� TXLO{PHWURV� FRPR� PHLR� GH� WUDQVPLWLU� HOHYDGD� SRWrQFLD� HQWUH� JHUDGRU� H� FRQVXPLGRUHV�
�H[HPSOR�� LQG~VWULDV� H�XQLGDGHV� UHVLGHQFLDLV���$V� OLQKDV�GH� WUDQVPLVVmR� VmR�FRQGXWRUHV� FRP�
FRQGXWLYLGDGH�ILQLWD�TXH�WUDQVSRUWDP�D�HQHUJLD�GR�WUDQVPLVVRU�DR�UHFHSWRU��'HVWH�PRGR��SDUD�
DOWDV�IUHTXrQFLDV�SRGHP�VHU�XWLOL]DGDV�QD�WUDQVPLVVmR�GH�VLQDLV�GH�IUHTXrQFLD�H�QD�LQWHUOLJDomR�
HQWUH� RV� VLVWHPDV� H� D�V�� � DQWHQD�V��� � $OpP� GHVVDV�� H[LVWHP� LQ~PHUDV� DSOLFDo}HV� GR�
HTXDFLRQDPHQWR� PDWHPiWLFR� TXH� GHVFUHYH� R� FLUFXLWR� GH� XPD� OLQKD� GH� WUDQVPLVVmR�� VHQGR�
DOJXPDV� GHODV�� WUDQVPLVVmR� GH� UDGLRIUHTXrQFLD�� FLUFXLWRV� HP� PLFUR�RQGDV�� DFHVVR� ORFDO� GH�
WHOHIRQLD�� WHOHYLVmR� D� FDER�� WHOHIRQLD� PyYHO�� GHQWUH� RXWUDV� GLYHUVDV� XWLOLGDGHV�� 
� $VVLP��HVWH�WUDEDOKR�WHP�FRPR�REMHWLYR�UHDOL]DU�XP�HVWXGR�GR�PRGHOR�FLUFXLWDO�GH�XPD�
OLQKD�GH�WUDQVPLVVmR��FDUDFWHUL]DGD�SRU�XP�FLUFXLWR�GH�FRPSULPHQWR�DUELWUiULR��VXEGLYLGLGR�HP�
IUDo}HV�PHQRUHV��LQILQLWHVLPDO��H�GHVFULWR�FRPR�IRUPD�GH�SDUkPHWURV�GLVWULEXtGRV�DR�GHFRUUHU�
GD�VHomR��(QYROYH�SDUkPHWURV�FDSDFLWLYR��&���LQGXWLYR��/��H�WDPEpP�FRQGXWLYR��*��H�UHVLVWLYR�
�5��SDUD�FRQVLGHUDU�DV�SHUGDV�SHUWHQFHQWHV�D�OLQKDV�UHDLV�  

� 'LDQWH�GD�ILQDOLGDGH�FLWDGD��VmR�DQDOLVDGRV�WUDEDOKRV�HODERUDGRV�DWp�HQWmR�TXH�WUDWDP�GH�
WpFQLFDV�SDUD�REWHQomR�GH�XPD�FDUDFWHUtVWLFD�SRQWR�D�SRQWR��XWLOL]DQGR�R�VRIWZDUH�0DWODE��SDUD�
D�LPSOHPHQWDomR�GR�0pWRGR�GRV�(OHPHQWRV�)LQLWRV��0()���$OpP�GHVWD��H[LVWHP�RXWUDV�WpFQLFDV�
TXH�WDPEpP�SRGHP�VHU�XWLOL]DGDV�SDUD�UHVROYHU�R�SUREOHPD�QXPHULFDPHQWH��WDLV�FRPR�R�0pWRGR�
GDV�'LIHUHQoDV�)LQLWDV�QR�'RPtQLR�GR�7HPSR��)'7'��RX�IUHTXrQFLD��)')'�� 

�'HVWH�PRGR��XPD�IHUUDPHQWD�QXPpULFD�EDVHDGD�QD�VROXomR�GR�PRGHOR�HTXLYDOHQWH�GH�
XPD�OLQKD�GH�WUDQVPLVVmR�D�SDUWLU�GRV�PpWRGRV�GRV�HOHPHQWRV�ILQLWRV�IRL�GHVHQYROYLGD��FRP�R�
LQWXLWR�GH�DYDOLDU�D�TXHGD�GH�WHQVmR�DR�ORQJR�GH�OLQKDV�GH�WUDQVPLVVmR��EDVHDGD�QD�VROXomR�GR�
SUREOHPD�H�YDOLGDGD�DWUDYpV�GD�FRPSDUDomR�FRP�R�UHVXOWDGR�WHyULFR��(VWD�WpFQLFD��FRQVLVWH�HP�
GLVFUHWL]DU�R�SUREOHPD�H�LPSRU�FRQGLo}HV�GH�FRQWRUQR�DGHTXDGDV� 

 

��0(72'2/2*,$ 
 

1HVWH�WUDEDOKR�XVRX�VH�D�WpFQLFD�QXPpULFD�DYDQoDGD��FRPR�DSRLR�WHyULFR�UHIHUHQWH�DR�
0pWRGR�GRV�(OHPHQWRV�)LQLWRV��TXH�FRQVLVWH�HP�GLVFUHWL]DU�OLQKDV�GH�WUDQVPLVVmR�JHQpULFD��9DOH�
VDOLHQWDU�TXH�HVWDV�/7V�SRGHP�VHU�GH�HVWUXWXUDV�FRD[LDLV��WHUPLQDGDV�HP�FXUWR�FLUFXLWR��FLUFXLWR�
DEHUWR�RX�FRP�XPD�FDUJD�GH�LPSHGkQFLD�TXDOTXHU��$�SURSRVWD�p�XWLOL]DU�RV�SDUkPHWURV�UHIHUHQWH�
j�ELEOLRJUDILD�HVWXGDGD��32=$5���������FRP�R�LQWXLWR�GH�DYDOLDU�D�TXHGD�GH�WHQVmR�DR�ORQJR�
GDV�OLQKDV�GH�WUDQVPLVVmR��EDVHDGD�QD�VROXomR�GR�SUREOHPD�FRP�R�PpWRGR�GRV�HOHPHQWRV�ILQLWRV�
H�YDOLGDGD�DWUDYpV�GD�FRPSDUDomR�FRP�R�UHVXOWDGR�WHyULFR�  

$VVLP��D�DQiOLVH�p�UHDOL]DGD�GH�IRUPD�JUiILFD�D�SDUWLU�GR�VRIWZDUH�0DWODE���'HVWH�PRGR��
GHVFUHYH�VH�R�GHVHQYROYLPHQWR�GH�XPD�IHUUDPHQWD�FRPSXWDFLRQDO�TXH�FRQWpP�D�LPSOHPHQWDomR�
PDWHPiWLFD�GH�OLQKDV�GH�WUDQVPLVVmR��$GLFLRQDOPHQWH��HVWD�IHUUDPHQWD�QXPpULFD�p�XWLOL]DGD�SDUD�
VH�GHWHUPLQDU�D�DWHQXDomR�HP�FDERV�FRD[LDLV�HP�IXQomR�GR�FRPSULPHQWR�ItVLFR�H�YDOLGDGD�FRP�
R�XVR�GR�VRIWZDUH�7[OLQH�SDUD�GLIHUHQWHV�IUHTXrQFLDV�GH�DSOLFDomR� 
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$V� OLQKDV� GH� WUDQVPLVVmR� XWLOL]DGDV� WrP� FDUDFWHUtVWLFDV� KRPRJrQHDV� H� VmR�
ORQJLWXGLQDOPHQWH�GLVWULEXtGDV��$�LGHLD�p�RFXSDU�R�PRGHOR�FLUFXLWDO�GHVFULWR�SRU�XPD�OLQKD�GH�
WUDQVPLVVmR�FRP�D�ILQDOLGDGH�GH�DQDOLVDU�D�PRGHODJHP�PDWHPiWLFD�TXH�GHVFUHYH��FKHJDQGR�HP�
XP�UHVXOWDGR�GLIHUHQFLDO�SDUD�R�FLUFXLWR�HTXLYDOHQWH��'HVWD�IRUPD��FDOFXOD�VH�D�VROXomR�DQDOtWLFD�
GR�FLUFXLWR�TXH�FDUDFWHUL]D�XPD�/7��2EVHUYD�VH�R�FLUFXLWR�FRQVWLWXtGR�SRU�XP�Q~PHUR�LQILQLWR�
GH� VHo}HV� GH� XPD� IRUPD� PDLV� DGHTXDGD�� &RQVLGHUD�VH� D� VHomR� FRPR� VHQGR� XP� HOHPHQWR�
LQILQLWHVLPDO� GD� OLQKD�� FRP� FRPSULPHQWR� ¨[�� $� WHQVmR� H� D� FRUUHQWH� Y� H� L�� FRPR� YDORUHV�
LQVWDQWkQHRV��UHVSHFWLYDPHQWH��GHPRVWUDGRV�QD�)LJXUD��� 

 

)LJXUD�����&LUFXLWR�HTXLYDOHQWH�GH�XPD�OLQKD�GH�WUDQVPLVVmR� 

 

)RQWH��GR�DXWRU������� 

 

$SOLFDQGR�DV�OHLV�GH�.LUFKKRII�GDV�WHQV}HV��/.7��H�GDV�FRUUHQWHV��/.&��SDUD�R�FLUFXLWR�
GD��)LJXUD����$/(;$1'(5��6$',.8����������RQGH�R�OLPLWH�GH�TXH�¨[�WHQGH�D���H�XWLOL]DQGR�
DV�HTXDo}HV�QR�GRPtQLR�GD�IUHTXrQFLD��FKHJD�VH�QDV�HTXDo}HV�����H�����SDUD�WHQVmR�H�FRUUHQWH��
UHVSHFWLYDPHQWH�� GLWDV� � OLQHDUHV� KRPRJrQHDV� GR� FDVR� GRLV�� HP� TXH� DV� UDt]HV� GD� IXQomR� VmR�
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3DUD�FDUDFWHUL]DU�D�GLIHUHQoD�HQWUH�OLQKD�GH�WUDQVPLVVmR�H�D�WHRULD�FLUFXLWDO�OHYD�VH�HP�
FRQVLGHUDomR� R� WDPDQKR� HOpWULFR��$� GLPHQVmR� ItVLFD� GH� XPD� UHGH� p� PXLWR�PHQRU� GR� TXH� R�
FRPSULPHQWR�GH�RQGD�HOpWULFR��HQTXDQWR�DV�/7V�VmR�IUDo}HV�FRQVLGHUiYHLV�GH�FRPSULPHQWR�GH�
RQGD�� RX� PXLWRV� FRPSULPHQWRV� GH� RQGD�� FDUDFWHUL]DQGR�� DVVLP�� D� /7� FRPR� XP� SDUkPHWUR�
GLVWULEXtGR�GH�UHGH��3RUWDQWR�GHYH�VH�FRQVLGHUDU�D�YDULDomR�GD�PDJQLWXGH�H�IDVH�GDV�WHQV}HV�H�
GDV�FRUUHQWHV�DR�ORQJR�GR�WUHFKR��&RP�WXGR�LVVR��D�UHSUHVHQWDomR�GH�XPD�OLQKD�GH�WUDQVPLVVmR�
SRGH� VHU� IHLWD� DWUDYpV� GH� XP� HVTXHPiWLFR� FRPR� XPD� OLQKD� FRD[LDO�� FRQVLGHUDQGR� TXH� RV�
SDUkPHWURV��UHVLVWLYR��5���FRQGXWLYR��*��� LQGXWLYR��/��H�FDSDFLWLYR��&��VHMDP�PRGHODGRV�SRU�
PHWUR�H�TXH�D�LQGXWkQFLD�HP�VpULH�PRGHOD�D�H[LVWrQFLD�GH�FRQGXWRUHV��D�FDSDFLWkQFLD�HP�SDUDOHOR�
VH�ID]�GHYLGR�D�DSUR[LPDGDPHQWH�GHOHV��D�UHVLVWrQFLD�SHOD�FRQGXWLYLGDGH�ILQLWD�H�D�FRQGXWkQFLD�
SHODV�SHUGDV�GLHOpWULFDV�QR�PDWHULDO��  
� $SyV�D�VROXomR�GRV�SDUkPHWURV�GR�FDER�HP�HVWUXWXUD�FRD[LDO��6&+(/.812))��������
DFRQWHFH� D� PRGHODJHP� PDWHPiWLFD� UHIHUHQWH� DR� PpWRGR� GRV� HOHPHQWRV� ILQLWRV� HP� IRUPDWR�
XQLGLPHQVLRQDO��$�EDVH�GD�GHILQLomR�PDWHPiWLFD�H�R�GHVHQYROYLPHQWR�GR�PpWRGR�GH�*DOHUNLQ�
VmR�DSOLFDGRV�FRQVLGHUDQGR�XPD�OLQKD�GH�WUDQVPLVVmR�GH�FRPSULPHQWR�TXH�YDULD�GH��8���[����� 

� &RQVLGHUDQGR�TXH�HVWH�PpWRGR�SRGH�VHU�GLVFUHWL]DGR�HP�Q�SDUWHV��D�)LJXUD���PRVWUD�XPD�
OLQKD�GH�WUDQVPLVVmR�GLVFUHWL]DGD��PRVWUDQGR�1�QyV�DR�ORQJR�GR�LQWHUYDOR�>�8��@�� 
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$QDOLVDQGR�DV�HTXDo}HV�DQWHULRUHV�H�DSOLFDQGR�D�FRQGLomR�GH�FRQWRUQR�QR�LQtFLR�GD�OLQKD�
GH� WUDQVPLVVmR�� GLPLQXL�VH� XPD� OLQKD� H� XPD� FROXQD� GD�PDWUL]� JHUDGD��$SyV� HVVD� DSOLFDomR�
PDWHPiWLFD��DQDOLVD�VH�XP�FDER�FRD[LDO�5*���FRP�FRPSULPHQWR�GH���PHWUR��1HVWD� DQiOLVH�
DSOLFD�VH�XPD�GLVFUHWL]DomR�¨X ��������PHWUR�H� IUHTXrQFLD�GH����0+]��1D�)LJ����SRGH�VH�
YHULILFDU�D�FRPSDUDomR�GDV�UHVSRVWDV�DQDOtWLFD�H�QXPpULFD�SDUD�D�RQGD�GH�WHQVmR�DR�ORQJR�GD�/7�  

 

)LJXUD���±�3DUkPHWUR�GR�FDER�FRD[LDO�5*���SDUD�8 ��PHWUR��FRQVLGHUDQGR����0+]� 

 

)RQWH��GR�DXWRU������� 

 

2�VRIWZDUH�7;OLQH�p�XWLOL]DGR�SDUD�YDOLGDomR�GD�DWHQXDomR�GR�FDER�FRD[LDO�HVWXGDGR�HP�
IXQomR�GD�YDULDomR�GR�VHX�FRPSULPHQWR�ItVLFR��2V�UHVXOWDGRV�REWLGRV�VmR�DSUHVHQWDGRV�QD�)LJ��
���HP�TXH�YHULILFD�VH�R�FUHVFLPHQWR�GD�DWHQXDomR�j�PHGLGD�TXH�R�FRPSULPHQWR�DXPHQWD�� 

 

)LJXUD���±��$WHQXDomR�GH�XP�FDER�FRD[LDO�5*���DR�ORQJR�GD�OLQKD��SDUD����0+]� 

 

)RQWH��GR�DXWRU������� 
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� (VWH�WUDEDOKR�DERUGRX�D�H[HFXomR�GH�XP�HVWXGR�GH�OLQKDV�GH�WUDQVPLVVmR��HPEDUFDGDV�
DR�IXQGDPHQWR�GH�XPD�RQGD�7(0�FRP�DSOLFDELOLGDGH�HP�FDERV�FRD[LDLV��3DUD�LVVR��UHDOL]DUDP�
VH� HVWXGRV� GH� RXWURV� SURMHWRV� GHVHQYROYLGRV� DWp� HQWmR�� FRP� D� ILQDOLGDGH� GH� REWHU� LGHLDV� H�
SDUkPHWURV�GH�PRGHODJHP�VLPLODUHV� 
� &RP� HVWDV� LQIRUPDo}HV� HP� PmRV�� WHQGR� FRPR� EDVH� R� WUDEDOKR� GHVHQYROYLGR� SRU�

�32=$5���������LQLFLDUDP�VH�RV�HVWXGRV�GR�HTXDFLRQDPHQWR�GR�FLUFXLWR�TXH�GHVFUHYH�XPD�OLQKD�
GH� WUDQVPLVVmR�� YLVDQGR� DSULPRUDU� R� FRQKHFLPHQWR� SDUD� DSOLFDELOLGDGH� GRV� SDUkPHWURV� HP�
FDERV�FRD[LDLV��(VWH�HVWXGR�WHYH�XP�UHVXOWDGR�H[FHOHQWH��Mi�TXH�IRL�SRVVtYHO�YHULILFDU�D�TXHGD�

GH� WHQVmR� HP�XP�SRQWR� TXDOTXHU� GD� OLQKD� GH� WUDQVPLVVmR�� GH� SRVVH� HP�TXH� R� VHJPHQWR� GD�
VLPSOLILFDomR�PDWHPiWLFD�TXH�PRGHOD�R�FRPSRUWDPHQWR�LQGHSHQGH�GR�WLSR�GH�WHUPLQDomR�GD�
/7��FRP�RX�VHP�SHUGDV��$SyV�D�UHYLVmR�ELEOLRJUiILFD�H�DV�PRGHODJHQV�PDWHPiWLFDV�GH�XPD�OLQKD�

GH�WUDQVPLVVmR��DFRQWHFHX�R�HVWXGR�VREUH�WpFQLFDV�QXPpULFDV�SRVVtYHLV�SDUD�D�VLPSOLILFDomR�GDV�
HTXDo}HV�GLIHUHQFLDLV�JHUDGDV�QD�DQiOLVH�GR�HTXDFLRQDPHQWR�JHQpULFR�GD�/7��6HQGR�DVVLP��D�
WpFQLFD�HP�GHVWDTXH�IRL�R�0pWRGR�GRV�(OHPHQWRV�)LQLWRV��TXH�WUDEDOKD�GLVFUHWL]DQGR�HP�IUDo}HV�

PHQRUHV�D�VROXomR�GHVWD�HTXDomR��XPD�YH]�TXH�IDFLOLWD�RV�FiOFXORV�  

� ��$��DQiOLVH�GDV�OLQKDV�GH�WUDQVPLVVmR��WHYH�FRPR�SULQFLSDO�IHUUDPHQWD�GH�XVR�R��VRIWZDUH�
0DWODE��SDUD�HODERUDomR�GH�FyGLJRV�TXH�WRUQDP�JHQpULFRV�RV�FiOFXORV�GRV�SDUkPHWURV�5��/��*�H�

&��FRP��ILQDOLGDGH�GH�REWHU�D�TXHGD�GH�WHQVmR��GLVFUHWL]DQGR�SRQWR�D�SRQWR��'HVWD�PDQHLUD� p�
SRVVtYHO�GHVFREULU�D�TXHGD�GH�WHQVmR�DR�ORQJR�GH�TXDOTXHU�FRPSULPHQWR�GD�/7�  

� 

5()(5Ç1&,$ 
 
$/(;$1'(5��&��.��6$',.8��0� ³)XQGDPHQWDOV�RI�(OHFWULF�&LUFXLWV�7UDQVIRUPDWLRQ�´�9RO��
���1HZ�<RUN��0F*UDZ�+LOO��������&LWDGR���YH]�QD�SiJLQD��� 
 

%(/<76&+.2�� 7('�� <81� <81� /8� DQG� /(,� *8��(OHPHQW(IUHH� *DOHUNLQ� 0HWKRGV��
�,QWHUQDWLRQDO�MRXUQDO�IRU�QXPHULFDO�PHWKRGV�LQ�HQJLQHHULQJ���������&LWDGR���YH]�QD�SiJLQD��� 

 

32=$5��'$9,'�0���0LFURZDYH�(QJLQHHULQJ��H�� 7UDPVPLVVLRQ�/LQHV�DQG�:DYHJXLGHV��S����
����������&LWDGR���YH]HV�QDV�SiJLQDV���H��� 
 

6&+(/.812))��6(5*(,��$���7KH�HOHFWURPDJQHWLF�WKHRU\�RI�FRD[LDO�WUDQVPLVVLRQ�OLQHV�DQG�
F\OLQGULFDO� VKLHOGV�� %HOO� 6\VWHP� 7HFKQLFDO� -RXUQDO ����� �������� ��������� &LWDGR� �� YH]� QD�
SiJLQD��� 
 

7(,;(,5$� �� ',$6�� ),/,3(�� HW� DO�� �0pWRGR� GRV� HOHPHQWRV� ILQLWRV�� WpFQLFDV� GH� VLPXODomR�
QXPpULFD�HP�HQJHQKDULD�����������&LWDGR���YH]��QD�SiJLQD��� 
 

 

 


