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&HW� DUWLFOH� pWXGLH� O¶LQWpJUDWLRQ� GH� OD� SURGXFWLRQ� SKRWRYROWDwTXH� DX� UpVHDX�
pOHFWULTXH�IDLEOH��/HV�REMHFWLIV�GH�FHW�DUWLFOH�VRQW�G¶LQWpJUHU�OH�V\VWqPH�39�DX�
UpVHDX�pOHFWULTXH�IDLEOH�HW�SURSRVHU�XQH�VWUDWpJLH�GH�FRQWU{OH�SRXU�O¶LQMHFWLRQ�DX�
UpVHDX��
'DQV� FH� WUDYDLO�� XQH� VWUDWpJLH�GH� OLPLWDWLRQ�GHV� IOXFWXDWLRQV�GH�SXLVVDQFH� HVW�
SURSRVpH�� /D� VLPXODWLRQ� GH� O¶HQVHPEOH� V\VWqPH� SKRWRYROWDwTXH�� RQGXOHXU�
WULSKDVp�� UpVHDX� IDLEOH� D� pWp� UpDOLVp� GDQV� PDWODE�VLPXOLQN�� /H� FRQWU{OH� GH� OD�
SXLVVDQFH�LQMHFWpH�D�pWp�LPSOpPHQWp�HW�VLPXOp��/HV�UpVXOWDWV�GH�VLPXODWLRQ�RQW�
PRQWUp�TXH�OD�VWUDWpJLH�GH�FRQWU{OH�LPSOpPHQWpH�SHUPHW�GH�IRXUQLU�OD�SXLVVDQFH�
PD[LPDOH�HW�G
LQMHFWHU�O
pQHUJLH�DX�UpVHDX�j�XQ�IDFWHXU�GH�SXLVVDQFH�XQLWDLUH�DYHF�
XQ�IDLEOH�WDX[�GH�GLVWRUVLRQ�KDUPRQLTXH��

$�%�6�7�5�$�&�7�

7KLV�DUWLFOH�VWXGLHV�WKH�LQWHJUDWLRQ�RI�SKRWRYROWDLF�SURGXFWLRQ�D�ZHDN�JULG��7KLV�
SDSHU�LQYHVWLJDWHV�WKH�LQWHJUDWLRQ�RI�39�JHQHUDWLRQ�LQWR�WKH�ZHDN�SRZHU�JULG��
7KH�REMHFWLYHV�RI�WKLV�SDSHU�LV�WR�LQWHJUDWH�WKH�39�V\VWHP�LQWR�WKH�ZHDN�SRZHU�
JULG�DQG�SURSRVH�D�FRQWURO�VWUDWHJ\�IRU�JULG�LQMHFWLRQ��
,Q� WKLV� ZRUN�� D� VWUDWHJ\� WR� FRQWURO� SRZHU� IOXFWXDWLRQV� LV� SURSRVHG�� 7KH�
VLPXODWLRQ�RI�WKH�SKRWRYROWDLF�V\VWHP��WKUHH�SKDVH�LQYHUWHU�DQG�ZHDN�JULG�ZDV�
FDUULHG� RXW� LQ� PDWODE�VLPXOLQN�� 7KH� FRQWURO� RI� WKH� LQMHFWHG� SRZHU� ZDV�
LPSOHPHQWHG� DQG� VLPXODWHG��7KH� VLPXODWLRQ� UHVXOWV� VKRZHG� WKDW� WKH� LQYHUWHU�
FRQWURO�VFKHPH�SURYLGHV�WKH�PD[LPXP�SRZHU�DQG�LQMHFWV�WKH�HQHUJ\�WR�WKH�JULG�
DW�XQLW\�SRZHU�IDFWRU�ZLWK�ORZ�KDUPRQLF�GLVWRUWLRQ��

,��,1752'8&7,21��

/D�SROOXWLRQ�KDUPRQLTXH�GHYLHQW�XQ�SUREOqPH�LPSRUWDQW�
GDQV�OHV�V\VWqPHV�GH�GLVWULEXWLRQ�G
pQHUJLH�HQ�UDLVRQ�GX�
QRPEUH� FURLVVDQW� GH� V\VWqPHV� G
pOHFWURQLTXH� GH�
SXLVVDQFH� HW� GH� FKDUJHV� QRQ� OLQpDLUHV�� /HV� FRXUDQWV�
KDUPRQLTXHV�SHXYHQW�HQWUDvQHU�GH�QRPEUHX[�SUREOqPHV�
GH� VWDELOLWp� HW� GH� ILDELOLWp�� WHOV� TXH� OD� VXUFKDXIIH� GX�
WUDQVIRUPDWHXU��OH�G\VIRQFWLRQQHPHQW�GHV�GLVSRVLWLIV�GH�
SURWHFWLRQ��OD�UpVRQDQFH�KDUPRQLTXH��GHV�SHUWHV�DFFUXHV�
HW�GHV�LQWHUIpUHQFHV�DYHF�OHV�UpVHDX[�GH�FRPPXQLFDWLRQ�
>�@�� 'DQV� OH� FDV� G¶XQ� UpVHDX� IDLEOH�� OD� IUpTXHQFH� GX�
UpVHDX��OD�WHQVLRQ��SXLV�OHV�FRXUDQWV�KDUPRQLTXHV�YDULHQW�
UDSLGHPHQW� DYHF� OHV� SHUWXUEDWLRQV�� 'DQV� OH� V\VWqPH�
pOHFWULTXH� FRQYHQWLRQQHO�� OD� IDLEOHVVH� GX� UpVHDX� HVW�
pYDOXpH�DYHF�OH�UDSSRUW�GH�FRXUW�FLUFXLW��5&&��DX�SRLQW�
GH� FRQQH[LRQ� >�@��(OOH� HVW� GpILQLH�SDU� OH� UDSSRUW� GH� OD�
SXLVVDQFH�GH� FRXUW�FLUFXLW� �6FF��� DX�SRLQW� GH� FRXSODJH�
FRPPXQ�� VXU� OD� SXLVVDQFH� QRPLQDOH� GH� OD� VRXUFH�
G
pQHUJLH�UHQRXYHODEOH�LQVWDOOpH��6Q���4XDQG�OH�5&&�HVW�
HQ�GHVVRXV�GH�����OH�UpVHDX�HVW�IDLEOH�HW�TXDQG�LO�HVW�DX�
GHVVXV�GH����OH�UpVHDX�HVW�UREXVWH�>�@��

/D� SXLVVDQFH� pOHFWULTXH� DLQVL� SURGXLWH� SUpVHQWH� GHV�
IOXFWXDWLRQV� LPSRUWDQWHV� TXL� UHQGHQW� GpOLFDWH� OD�
SUREOpPDWLTXH� G¶LQWpJUDWLRQ� DX� UpVHDX�� 8QH� VROXWLRQ�
FRQVLVWH� j� OLVVHU� FHWWH� SURGXFWLRQ� DYDQW� O¶LQMHFWLRQ� DX�
UpVHDX�GH�GLVWULEXWLRQ�WRXW�HQ�UHVSHFWDQW�OHV�FRQWUDLQWHV�
LPSRVpHV�SDU�OHV�QRUPHV��

3OXVLHXUV� W\SHV� GH� V\VWqPHV� GH� FRQWU{OH� GLIIpUHQWV� RQW�
pWp� SURSRVpV� GDQV� OD� OLWWpUDWXUH� SRXU� UpSRQGUH� j� FHWWH�
H[LJHQFH�� /HV� SOXV� UHPDUTXDEOHV� GH� FHV� VFKpPDV� GH�
FRQWU{OH�GH�O
LQWpJUDWLRQ�39�VRQW�OD�WKpRULH�GH�OD�WUDPH�
V\QFKURQH��OD�ERXFOH�j�YHUURXLOODJH�GH�SKDVH�DPpOLRUpH��
OD� WKpRULH� GH� OD� SXLVVDQFH� UpDFWLYH� LQVWDQWDQpH�� OD�
WHFKQLTXH� GH� FRQWU{OH� HQ� PRGH� JOLVVDQW� EDVp� VXU�
O
REVHUYDWHXU� pWHQGX�� OH� FRQWU{OH� EDVp� VXU� OD� ORJLTXH�
IORXH�� OH� ILOWUH� JpQpUDOLVp� GX� TXDWULqPH� RUGUH�� OH� ILOWUH�
FRXSH�EDQGH� DGDSWDWLI�� HW� XQ� VFKpPD� GH� FRQWU{OH�
DGDSWDWLI�>�@��
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2�� 5� HW� /� VRQW� OHV� pOpPHQWV� GX� ILOWUH�� 3DU� DLOOHXUV�� E 
UHSUpVHQWH�OD�YDOHXU�HIILFDFH�GH�OD�WHQVLRQ�VLPSOH�GX�UpVHDX�
HW�Ȧ�OD�SXOVDWLRQ�GX�UpVHDX�WHOOH�TXH�Ȧ=2ʌf (f=50Hz)���

(Q� FRQVLGpUDQW� TXH� O¶D[H� G� HVW� DOLJQp� DYHF� OH� UpVHDX� �OD�
FRPSRVDQWH�ed HW�HQ�SKDVH�DYHF�OD�WHQVLRQ�va���O¶pTXDWLRQ�
�����SHXW�rWUH�pFULWH�VRXV�OD�IRUPH�VXLYDQWH����
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�(Q�DSSOLTXDQW� OHV� WUDQVIRUPDWLRQV�GX�FDGUH�GH�UpIpUHQFH�
�GT��OH�PRGqOH�GHYLHQW�VHORQ�OH�V\VWqPH�G¶pTXDWLRQ�������
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2��݅ௗ �HW�݅௤�VRQW� OHV� FRXUDQWV� LQMHFWpV� DX� UpVHDX� GDQV� OH�
FDGUH� GH� UpIpUHQFH� �GT���ܷௗ�ܷ݁�ݐ௤ �VRQW� OHV� WHQVLRQV� GH�
VRUWLH� GH� O¶RQGXOHXU� VXU� OHV� D[HV�G� HW� T��݁ௗ�HW�݁௤ �VRQW� OHV�
WHQVLRQV�GX�UpVHDX�VXU�OHV�D[HV�G�HW�T��UHVSHFWLYHPHQW��HW�Ȧ�
HVW�OD�IUpTXHQFH�GX�V\VWqPH���

3RXU� FDOFXOHU� OHV� FRUUHFWHXUV�� LO� IDXW� WHQLU� FRPSWH� GX�
PRGqOH�GpFRXSOp�GDQV�OH�UpIpUHQWLHO�GH�3DUN��3RXU�FH�IDLUH��
RQ�VH�SURSRVH�GH� UpJXOHU�݅ௗ�HW�݅௤��QRQ�SDU� �ܷௗ�ܷ݁�ݐ௤�PDLV�
SDU�ܷௗݐ݁�כ� ௤ܷ

�������GRQQp�SDU�OH�V\VWqPH�G¶pTXDWLRQכ�
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/H�PRGqOH�GH�OD�ERXFOH�GH�UpJXODWLRQ�GX�FRXUDQW�DSUqV�OD�
PRGLILFDWLRQ�SHXW�DORUV�rWUH�UppFULW�������
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(Q�FRQVpTXHQFH��OHV�IRQFWLRQV�GH�WUDQVIHUW�HQ�IRQFWLRQ�GHV�
WHQVLRQV� GH� UpIpUHQFHV� HW� GHV� FRXUDQWV� GH� VRUWLH� SHXYHQW�
rWUH�REWHQXHV�GDQV�OD�UHODWLRQ�������
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Fig.3 : Représentation schématique du système côté AC de 

l’onduleur triphasés dans le cadre de référence dq. 

ii) Contrôle externe de la boucle de tension 

8QH� DOWHUQDWLYH� SRXU� FRQWU{OHU� OD� SXLVVDQFH� GH� VRUWLH� GX�
FRQYHUWLVVHXU� '&�$&� HVW� j� WUDYHUV� OD� UpJXODWLRQ� GH� OD�
WHQVLRQ�GX�EXV�FRQWLQX��/H�PDLQWLHQ�GH�OD�WHQVLRQ�GX�EXV�
FRQWLQX�j�XQH�YDOHXU�FRQVWDQWH��YDOHXU�QRPLQDOH��JDUDQWLW�
TXH�WRXWH�OD�SXLVVDQFH�H[WUDLWH�GH�OD�VRXUFH�'&�SHXW�rWUH�
IRXUQLH� j� OD� FKDUJH� $&�� &H� VFKpPD� GH� FRQWU{OH� HVW�
ODUJHPHQW�XWLOLVp�GDQV�OHV�V\VWqPHV�SKRWRYROWDwTXHV��39���
R��OD�SXLVVDQFH�G
HQWUpH�HVW�FRQWLQXHOOHPHQW�DOLPHQWpH�SDU�
OHV� SDQQHDX[� SKRWRYROWDwTXHV�� (Q� RXWUH�� GDQV� OH� FDV� GH�
V\VWqPHV�GH�FRQYHUVLRQ�G
pQHUJLH��OD�WHQVLRQ�PR\HQQH�GX�
EXV� FRQWLQX� HVW� DXVVL� FRXUDPPHQW� FRQWU{OpH� j� XQ�QLYHDX�
GpVLUp��&HOD�SHUPHW�pJDOHPHQW�G
DVVXUHU�XQH� LQMHFWLRQ�GH�
SXLVVDQFH�DSSURSULpH�j�OD�FKDUJH��SDU�H[HPSOH��OD�WHQVLRQ�
GX�EXV�FRQWLQX�GRLW�rWUH�DX�PRLQV�VXSpULHXUH�j�OD�WHQVLRQ�
FUrWH�GX�UpVHDX�GDQV� OH�FDV�GH� O
DSSOLFDWLRQ�GHV� V\VWqPHV�
SKRWRYROWDwTXHV�FRQQHFWpV�DX�UpVHDX��

(Q�VXSSRVDQW�XQ�RQGXOHXU�VDQV�SHUWH��OD�SXLVVDQFH�G
HQWUpH�
GX�FRXUDQW�FRQWLQX�&&�HW�OD�SXLVVDQFH�DFWLYH�GH�VRUWLH�GRLW�
rWUH� pTXLOLEUpH� HQ� IRQFWLRQ� GH� OD� SXLVVDQFH� LQVWDQWDQpH�
WKpRULTXH��'DQV�FH�FDV��QRXV�REWHQRQV���

ௗܸ௖ܥௗ௖
ௗ௏೏೎
ௗ௧

ൌ ଷ
ଶ
൫݁ௗ݅ௗ ൅ ݁௤݅௤൯���������

���������3XLVVDQFH�G¶HQWUpH�'&�����3XLVVDQFH�DFWLYH�GH�VRUWLH�
�
�ௗ௖�HVW�OD�FDSDFLWp�GX�EXV�FRQWLQX��&RPPH�LQGLTXp�j�ODܥ��2
)LJ���HW�݅ௗ௖�HVW�OH�FRXUDQW�GH�VRUWLH�GH�OD�VRXUFH�'&��6L�O
D[H�
G�GX�FDGUH�GH� UpIpUHQFH�GT�HVW�DOLJQp�DYHF� OH� YHFWHXU�GH�
WHQVLRQ�GH�FKDUJH��SDU�OD�3//���OD�FRPSRVDQWH�GDQV�O
D[H�T�
GH�OD�WHQVLRQ�GX�UpVHDX�GHYLHQW�]pUR��F
HVW�j�GLUH� ௤ܸ ൌ Ͳ���
(Q�DSSOLTXDQW�O
DQDO\VH�GHV�SHWLWV�VLJQDX[�j�O
pTXDWLRQ������
RQ�SHXW�OLQpDULVHU�OH�PRGqOH��$LQVL��OD�IRQFWLRQ�GH�WUDQVIHUW�
HQ�IRQFWLRQ�GH�OD�WHQVLRQ�GX�EXV�FRQWLQX�HW�GX�FRXUDQW�GH�
VRUWLH�GDQV�O
D[H�G�SHXW�rWUH�VLPSOLILpH�FRPPH�VXLW : 
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2�� ௗܸ௖�HWܫ�ௗ௖�pWDQW�OD�WHQVLRQ�PR\HQQH�HW�OH�FRXUDQW�GH�OD�
VRXUFH� FRQWLQX� UHVSHFWLYHPHQW�� ,O� FRQYLHQW� GH�QRWHU� TXH��
ELHQ�TXH�OH�PRGqOH�GH�O
pTXDWLRQ�����PRQWUH�OH�FRQWU{OH�GX�
FRXUDQW�GDQV�O
D[H�G�j�WUDYHUV�OD�UpJXODWLRQ�GH�OD�WHQVLRQ�GX�

ଶௗ௧
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EXV�FRQWLQX��XQH�LQMHFWLRQ�GH�SXLVVDQFH�UpDFWLYH�HVW�HQFRUH�
SRVVLEOH�VL�QpFHVVDLUH��'DQV�FH�FDV�� OD�SXLVVDQFH�UpDFWLYH�
SHXW� rWUH� FRPPDQGpH� VpSDUpPHQW� VHORQ� O
pTXDWLRQ� �����
SRXU�JpQpUHU� OH� FRXUDQW� GDQV� O
D[H�T��/H�GpFRXSODJH�GHV�
GHX[�FRXUDQWV�VXU�OH�UHSqUH��GT��SHUPHW�pJDOHPHQW�DVVXUHU�
OH�FRQWU{OH�LQGLYLGXHO��

'DQV�OH�UHSqUH��GT���OD�SXLVVDQFH�DFWLYH�LQVWDQWDQpH�3�HW�OD�
SXLVVDQFH�UpDFWLYH�4�SHXYHQW�rWUH�FDOFXOpHV�FRPPH�VXLW���
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(Q�VXSSRVDQW�TXH�OD�ERXFOH�j�YHUURXLOODJH�GH�SKDVH��3//�
HVW�DOLJQpH�DYHF�OH�YHFWHXU�GH�WHQVLRQ�GX�UpVHDX�VXU�O
D[H�G�
GDQV�OH��UHSqUH��GT���F
HVW�j�GLUH� ௤ܸ ൌ Ͳ���OHV�IRQFWLRQV�GH�
WUDQVIHUW�GDQV�O¶D[H��G�HW�GDQV�O¶D[H�T�GHV�FRXUDQWV�GH�VRUWLH�
VXU�OHV�SXLVVDQFHV�DFWLYH�HW�UpDFWLYH�SHXYHQW�rWUH�FDOFXOpHV�
UHVSHFWLYHPHQW�FRPPH�VXLW���
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$YHF� 9P� pWDQW� O
DPSOLWXGH� GH� OD� WHQVLRQ� GH� VRUWLH� GX�
UpVHDX���

F�� /¶DQDO\VH�GX�UpVHDX�IDLEOH�

/D� IDLEOHVVH� GX� UpVHDX� HVW� GpILQLH� SDU� OH� UDWLR� GH� FRXUW�
FLUFXLW��5&&���TXL�HVW�GpILQL�SDU�OH�UDSSRUW�GH�OD�SXLVVDQFH�
GH�FRXUW�FLUFXLW��6FF���DX�SRLQW�GH�FRXSODJH�FRPPXQ��VXU�
OD�SXLVVDQFH�QRPLQDOH�GH�OD�VRXUFH�G
pQHUJLH�UHQRXYHODEOH�
LQVWDOOpH��6Q��VXLYDQW�O
pTXDWLRQ��������

ܴ஼஼ ൌ
ௌ಴಴
ௌ೙
�����������������������������������������

4XDQG�OH�UDWLR�ܴ஼஼��HVW�HQ�GHVVRXV�GH����OH�UpVHDX�HVW�IDLEOH�
DQG�TXDQG�LO�HVW�DX�GHVVXV�GH����OH�UpVHDX�HVW�UREXVWH���

'DQV� QRWUH� � V\VWqPH�� QRXV� WUDYDLOOHURQV� DYHF� XQ� UDWLR�
ܴ஼஼ �����/HV�SDUDPqWUHV�GH�VLPXODWLRQ�VRQW�GRQQpV�GDQV�
OH�WDEOHDX����

Table 1 : Paramètres de simulation 

3DUDPqWUHV� 9DOHXU�
7HQVLRQ�GX�EXV�FRQWLQX��9�� ����
7HQVLRQ�GX�UpVHDX�8J��9�� ����
&DSDFLWp�GX�EXV�FRQWLQX�&GF��)�� �������
,QGXFWDQFH�GX�ILOWUH�/I��+�� �����
5pVLVWDQFH�GX�ILOWUH�5I��RKP�� �����
%RXFOH�GH�FRQWU{OH�GH�OD�WHQVLRQ�
'&��.S���.L��

�������������������

%RXFOH�GH�FRQWU{OH�GX�FRXUDQW�
DFWLI��.S���.L��

����������������

%RXFOH�GH�FRQWU{OH�GX�FRXUDQW�
UpDFWLI��.S���.L��

����������������

�

�

,,,��5e68/7$76�(7�',6&866,21�

1RXV�DYRQV�VLPXOp�OH�V\VWqPH�SKRWRYROWDwTXH�FRQQHFWp�DX�
UpVHDX�IDLEOH�HQ�XWLOLVDQW�OD�VWUXFWXUH�PRQWUpH�GDQV�OD�ILJXUH�
���/HV�PRGqOHV�6LPXOLQN�VRQW�SUpVHQWpV�GDQV�OHV�ILJXUHV���
j�����

$ILQ�G
pWXGLHU�O
HIILFDFLWp�GHV�DOJRULWKPHV�GH�FRQWU{OH��XQH�
VLPXODWLRQ�HVW�IDLWH�HQ�UpGXLVDQW�VRXGDLQHPHQW�O
LUUDGLDQFH�
GH������j�����:�P��j�W� ��V�FRPPH�OH�PRQWUH�OD�ILJXUH����
&HWWH�ILJXUH�PRQWUH�OH�FRPSRUWHPHQW�GHV�FDUDFWpULVWLTXHV�
GX�JpQpUDWHXU�SKRWRYROWDwTXH�SHQGDQW�OD�VLPXODWLRQ��

�
Fig.4 : Évolution de la tension VPV, du courant IPV avec 

une variation de l'irradiance. 

$� WHPSpUDWXUH� FRQVWDQWH�� QRXV� FRQVWDWRQV� TXH� O
HIIHW� GH�
O
LUUDGLDQFH�VRODLUH�VXU�OD�WHQVLRQ�GH�VRUWLH�GX�39�HVW�IDLEOH�
SDU�UDSSRUW�j�VRQ�HIIHW�VXU�OH�FRXUDQW�GH�VRUWLH�GX�JpQpUDWHXU�
SKRWRYROWDwTXH�FRPPH�OH�PRQWUH�OD�)LJ����

�
Fig.5 : Évolution de la tension du réseau et du courant de 

sortie de l’onduleur dans la phase a avec une variation 
de l'irradiance  

/D�ILJXUH���PRQWUH�OD�WHQVLRQ�GH�OD�OLJQH�F{Wp�UpVHDX�HW�OH�
FRXUDQW�VRQW�HQ�SKDVH��&HOD�PRQWUH�XQH�ERQQH�SHUIRUPDQFH�
GH� OD� ERXFOH� GH� FRXUDQW��'
R�� O
LPSRUWDQFH� GH� OD� ERXFOH�
3//�SRXU�OH�V\VWqPH�SKRWRYROWDwTXH�FRQQHFWp�DX�UpVHDX��

�
Fig.6 : Évolution des courants de sortie de l’onduleur dans les 

trois phases 
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/D�ILJXUH���PRQWUH�O
pYROXWLRQ�GHV�FRXUDQWV�GDQV�OHV�WURLV�
SKDVHV��&HV�FRXUDQWV�GHYLHQQHQW�SDUIDLWHPHQW�VLQXVRwGDX[�
HW� GLPLQXHQW� ORUVTXH� O
LUUDGLDQFH� GLPLQXH� j� W �V�
FRUUHVSRQGDQW�DX�WHPSV�GH�OD�SHUWXUEDWLRQ��&H�TXL�PRQWUH�
OD�ERQQH�SHUIRUPDQFH�GX�FRQWU{OH�SURSRVp��

�
Fig.7 : Évolution du courant et sa référence dans la phase a 

/D� ILJXUH� �� PRQWUH� OH� FRXUDQW� GDQV� XQH� SKDVH� HW� VD�
UpIpUHQFH��/RUVTX
RQ�IDLW�XQ�]RRP�DYDQW�VXU�OD�ILJXUH��RQ�
YRLW� FODLUHPHQW� OD� UpSRQVH� DX� FKDQJHPHQW� GH� SDV� GX�
UpJXODWHXU�GX�FRXUDQW�j�W �V��&HOD�PRQWUH�TXH�OH�UpJXODWHXU�
GH�FRXUDQW�D�OD�FDSDFLWp�GH�PRGLILHU�UDSLGHPHQW�OH�FRXUDQW�
GH�VRUWLH�GH������$�j������$��YDOHXUV�FUrWHV���

 
Fig.8 : Régulation de la tension du bus continu 

/D�ILJXUH���PRQWUH�OD�UpSRQVH�WUDQVLWRLUH�GX�VLJQDO�GH�VRUWLH�
GX�UpJXODWHXU�GH�OD�WHQVLRQ�GX�EXV�FRQWLQX�j�XQH�GLPLQXWLRQ�
GH������GH�OD�SXLVVDQFH�39�VXLWH�j�XQH�SHUWXUEDWLRQ��$LQVL�
OD� WHQVLRQ�9GF� VXLW� VD� UpIpUHQFH� DSUqV� OD�SHUWXUEDWLRQ��/D�
VRUWLH� GX� UpJXODWHXU� HVW� FRQWLQXH� FH� TXL� FRQGXLW� j� XQH�
PLQLPLVDWLRQ�GX�WDX[�GH�GLVWRUVLRQ�KDUPRQLTXH�GX�FRXUDQW��

/HV� WHQVLRQV� WULSKDVpHV� GX� UpVHDX� UHVWHQW� VLQXVRwGDOHV� HW�
GpSKDVpHV�GH��ʌ���TX¶HOOH�TXH�VRLW�DYHF�RX�VDQV�UpJXODWLRQ�
YRLU�ILJXUH����

Figure 9 : Évolution des tensions du réseau. 
�

Fig.10 : Variation de la puissance PV produite et de la 
puissance active injectée au réseau. 

/D�ILJXUH����PRQWUH�OD�YDULDWLRQ�GH�SXLVVDQFH�GH�VRUWLH�GX�
V\VWqPH�39�HW�FHOOH�GH�OD�SXLVVDQFH�LQMHFWpH�DX�UpVHDX��2Q�
FRQVWDWH�TXH�OD�SXLVVDQFH�PD[LPDOH�GX�JpQpUDWHXU�39�HVW�
GH������N:�WDQGLV�TXH�FHOOH�LQMHFWpH�HVW�GH����N:�DYDQW�OD�
SHUWXUEDWLRQ�� HW� GLPLQXH� GH� ��� N:� HW� ��� N:� SRXU� OD�
SXLVVDQFH� GH� VRUWLH� GX� 39� HW� FHOOH� LQMHFWpH� DX� UpVHDX�
UHVSHFWLYHPHQW�� (Q� UDLVRQ� GH� OD� SHUWXUEDWLRQ� j� W �V�� OD�
SXLVVDQFH�LQMHFWpH�SDVVH�GH����N:�j����N:��

/H�WDX[�GH�GLVWRUVLRQ�KDUPRQLTXH�DLQVL�REWHQX�HVW�������
�ILJXUH������

�
Fig.11 : Analyse du Taux de distorsion harmonique du courant 

injecté. 
,9��&21&/86,21�

/
REMHFWLI�GH�FHW�DUWLFOH�pWDLW�G¶LQWpJUHU�OH�V\VWqPH�39�DX�
UpVHDX� pOHFWULTXH� IDLEOH� HW� SURSRVHU� XQH� VWUDWpJLH� GH�
FRQWU{OH� SRXU� O¶LQMHFWLRQ� DX� UpVHDX�� /H� V\VWqPH� SURSRVp�
FRPSRUWH� GHX[� ERXFOHV� GH� FRQWU{OH� �� ERXFOH� GH� FRQWU{OH�
WHQVLRQ�GX�EXV�FRQWLQX�HW�ERXFOH�GH�FRXUDQW�GH�O
RQGXOHXU��
/HV�GHX[�ERXFOHV�VRQW�FDOFXOpHV�DXWRXU�GH�O
RQGXOHXU�HW�RQW�
SRXU�REMHFWLI�G
REWHQLU�XQ�IDFWHXU�GH�SXLVVDQFH�XQLWDLUH�HW�
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XQ� IDLEOH� WDX[� GH� GLVWRUVLRQ� KDUPRQLTXH� GX� FRXUDQW� GH�
VRUWLH�GH�O
RQGXOHXU�HQYLURQ��������

'HV�VROXWLRQV�VRQW�LQWURGXLWHV�SRXU�OHV�GHX[�FRQWU{OHXUV�GX�
V\VWqPH�� /D� UpJXODWLRQ� GX� FRXUDQW� DQQXOH� O
HIIHW� GH� OD�
WHQVLRQ�GX�EXV�FRQWLQX�VXU�OD�GLVWRUVLRQ�KDUPRQLTXH�WRWDOH�
GX�FRXUDQW�GH�VRUWLH�DILQ�GH�WUDQVIpUHU�OD�SXLVVDQFH�SURGXLWH�
DX�UpVHDX��,O�D�pWp�GpPRQWUp�TXH�OH�VFKpPD�GH�FRQWU{OH�EDVp�
VXU� OHV� FRQWU{OHXUV� FODVVLTXHV�� SUpVHQWH� XQH� ERQQH�
SHUIRUPDQFH� VXLYDQW� OHV� YDULDWLRQV� GHV� FRQGLWLRQV�
FOLPDWLTXHV�� /D� YDULDWLRQ� GHV� FRQGLWLRQV� FOLPDWLTXHV� Q
D�
SDV�G
LQIOXHQFH�VXU�OD�WHQVLRQ�GX�EXV�FRQWLQX��/HV�UpVXOWDWV�
GH� VLPXODWLRQ� RQW� PRQWUp� TXH� OD� VWUDWpJLH� GH� FRQWU{OH�
SHUPHW� GH� IRXUQLU� OD� SXLVVDQFH� PD[LPDOH� HW� G
LQMHFWHU�
O
pQHUJLH�DX�UpVHDX�j�XQ�IDFWHXU�GH�SXLVVDQFH�XQLWDLUH�HW�XQ�
FRXUDQW� DYHF� XQ� IDLEOH� WDX[� GH� GLVWRUVLRQ� KDUPRQLTXH��
'DQV� OD�VXLWH�GH�FH� WUDYDLO�� O¶RSWLPLVDWLRQ�pQHUJpWLTXH�HQ�
XWLOLVDQW�O¶DOJRULWKPH�GH�OD�FRORQLH�G¶DEHLOOHV�VHUD�IDLWH��
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