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TABLEAU IV  - PARAMETRES DU MODELE DE CALCUL DES PERTES FER 
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TABLEAU V - CALCUL DES PERTES FER DANS LES DENTS ET LA CULASSE DU STATOR : COMPARAISON 

ENTE LES RESULTATS PAR EF ET LES CALCULS ANALYTIQUES. 
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F�- #-!">� ��'� 1#�#+/"��'� �-� +��/!�� '�&"� *# %!�+�&"� %��&"%*%#<!�'� ;� 1#�"%�� ��'� ��&&,�'�
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'-�� !�,3#!-#"%�&� ��'� 1��"�'D�  �� B-�� &�-'� 5-)��&'� #  �1"#<!�� 1�-�� -&� +��/!�� ���
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TABLEAU VI  - PERTES DANS UN AIMANT SEUL EXCITE PAR UN CHAMP UNIFORME 

F�,B-�& ��\�`^� F��+-!#"%�&�#&#!."%B-��\O^� �#! -!�1#��,!,+�&"'�*%&%'�\O^�

C� EDBC>CBD]� EDBC>CBD]�
CBB� CDC[>CBDC� CDC[>CBDC�
C�CCC� ADR]� ADR]�
C�QBB� CD[[� CD[[�
A�[BB� EDRC� EDRC�
Q�BBB� RDXA� RDXC�
C]�BBB� CEDCA� CEDCX�
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TABLEAU VII  - PARAMETRES ET DIMENSIONS DE LA MACHINE DE REFERENCE POUR LE CALCUL DES 

PERTES DANS LES AIMANTS 
=�#&��-�� 8#!�-��

��+<������1L!�'� Q�
��+<��������&"'� [A�
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�&"��*���\++^� CDE�
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�-3��"-������& � (��\++^� XDBC�
�#�)�-����'���&"'�\++^� ]DE�
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TABLEAU VIII  - PERTES DANS LES AIMANTS DE LA MACHINE DE REFERENCE 

F�,B-�& ��\�`^� 6��/!��#&#!."%B-��\O^� 6��/!��,!,+�&"'�*%&%'�\O^� � #�"�\h^�
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C]�BBB� CRDC]>CBDCB� AEDAR>CBDCB� DACDCC�
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TABLEAU XI  - PROPRIETES THERMIQUES DES DIFFERENTES REGIONS MODELISEES 
6#",�%#-9�Z�`�&�'����!#�+# (%&�� ��&�- "%3%",� "(��+%B-�� �-�

���**% %�&"���, (#&)��"(��+%B-��

7�<%&#)�� �bob�f�3#�%#<!��#3� �!����+1!%''#)��
�'�!#&"����& � (�� �isolant�f�BDA[�OZ?Z+�
�-%3��� �cu�f�EBB�OZ?Z+�
�,'%&�� �res�f�BDAX�OZ?Z+�
F���G'"#"����"���"��H� �fer�f�AQ�OZ?Z+�
�%+#&"� �aimant�f�QDX�OZ?Z+�
�#�"��� �carter�f�XB�OZ?Z+�
7�%"��;��#-� hconv�f�C�XBB�OZ+bZ?�

*�E�E2. '�� ��	����"�:��	��	������	

��-'�#!!�&'�,!#<�����% %�!��+��/!��"(��+%B-���-�'"#"��>���-����'��#%'�&'����'.+,"�%�D�%!�
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���& � (�>���'��&"�,�'��-�+��/!�� "(��+%B-��'�&"� !�'�1��"�'� G1#���**�"� 4�-!���"� *��H��"��!!�'�
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�&� �,"��+%&�� !�'� "�+1,�#"-��'� �"� !�'� *!-9� 1#�� !#� �,'�!-"%�&� ��-&� '.'"/+�� !%&,#%��D� ��&"� !#�
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TABLEAU XII  - COMPARAISON ENTRE LES ELEVATIONS DE TEMPERATURE DU STATOR ESTIMEES PAR 

LE MODELE ANALYTIQUE ET PAR LE CALCUL AUX ELEMENTS FINIS. 
�!,3#"%�&����"�+1,�#"-��� �&#!."%B-��\��^� �F�\��^� � #�"�\h^�

7#'����& � (�� ]A� ]BDX� dADEQ�
7#'������&"� XRDC�� X]DX� dEDR]�

6%!%�-���� -!#''�� AXD[� ACDR� d[DXC�

�
��-'� �,�-%'�&'� ���  �""��  �+1#�#%'�&� B-�� !��  %� -%"� #��1",� 1�-�� !�� '"#"��� "�#�-%"�

 �&3�&#<!�+�&"�!��"�#&'*��"�"(��+%B-���#&'�!��'"#"��>��� %�%&�%B-��B-��!�'� (�+%&'�'-11�','�
1�-��!�, �-!�+�&"��-�*!-9�"(��+%B-���&�A��'�&"��**� "%3�+�&"��#�%#-9� �++��!��+�&"��&"�
!�'�%'�"(��+�'����!#�F%)-���CCA>�
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�F��:����	 ��	 ���	 ���������	 ��	 ����FF���	 ��F�	 ���	 ��"�F���F�	 4��"����:���	 ��	
"�� ��&	�F	" ����E	

*�E�E>. '�� ��	����"�:��	��	�����	

���+E+��B-��1�-��!��'"#"��D�!��' (,+#�"(��+%B-���-���"����'"�,"#<!%D��#&'�-&�1��+%���
"�+1'D��&�'-11�'#&"�-&�, (#&)�� �&3� "%*�#-�&%3�#-����!#�'-�*# ���9",�%�-����-���"����"�-&�
*!-9� "(��+%B-�� &-!� 3��'� !�#�<��>� �&� �-"��� !�'�  �&"# "'� �&"��� !�'� �%**,��&"�'� 1%/ �'� '�&"�
'-11�','� 1#�*#%"'>� ��� ��"��� �'"� �%' �,"%',� �"�  �&�-%"� #-� ' (,+#� ��� ".1��  %� -%"� B-�� &�-'�
1��1�'�&'��&�F%)-���CCC>�
�
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�

3�4���	 --2	 /	 %���"�	 ��	 �,+�	 �������	 ��+����F��F�	 ��	"�� ��	 ����"�:��	 ��	 �����	 �F	 ��4�"�	
+��"�F�F�	

�
���+��/!�� 1��+�"� ��� �,"��+%&��� !��  (#+1� ��� "�+1,�#"-��� #-� ��"��� �&� %& !-#&"� !#�

'�-� ��"(��+%B-���-��#-9�1��"�'��#&'�!�'�#%+#&"'��"��,1#�"%��-&%*��+,+�&"��#&'�!�'�#%+#&"'>��
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TABLEAU XIII  - COMPARAISON ENTRE LES ELEVATIONS DE TEMPERATURE DU ROTOR ESTIMEES PAR 

LE MODELE ANALYTIQUE ET PAR LE CALCUL AUX ELEMENTS FINIS. 
�%+#&"� ��!���!,3#"%�&����

"�+1,�#"-�� �#-"� 6%!%�-� 7#'� �#-"� 6%!%�-� 7#'�

�%� -%"�\��^� CD[[� ADRX� ADXR� ADBE� ADE[� ADER�
�F�\��^� CDRX� AD]C� AD[]� CDRQ� ADAQ� ADEC�
� #�"�\h^� DRDAC� CADA� D]DC]� CDBC� QDCC� CDCA�

�
��'�, #�"'��<'��3,'�'-��!�'��,'-!"#"'�*�-�&%'�1#��!�'���-9�+��/!�'�'�&"�1!-'�%+1��"#&"'�

B-��  �-9�  �& ��&#&"� !�� '"#"���  #�� !#� 1��1#)#"%�&� �-� *!-9� ���  (#!�-�� �'"� �#3#&"#)��
<%�%�� "%�&&�!!�� �++��!��+�&"���!#�F%)-���CCE>��
�
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�

3�4���	 -->	 /	 ���"+	 ��	 ��"+�������	 ��	 �����	 �������	 +��	 B3E	 D��	 ��4F��	 �������"��	 ��F�	
�F��:����E	

�
��-'� 5-)��&'�B-�� !�'� , #�"'� ��!�3,'� ��'"�&"� #  �1"#<!�'�1�-��-&��1�� ,�-������1�,D

�%+�&'%�&&�+�&">�

*�E�E?. ���+��4�	���	"�� ���	����"�:���	�����	��	������	6	
"����������F	����"�:��	��	�$�F������	

��,"#1��'-%3#&"���'"������!%���!�'�+��/!�'�"(��+%B-�'��-�'"#"����"��-���"��>���!#�'��*#%"�
1#��!#�+��,!%'#"%�&���'�, (#&)�'�#-�&%3�#-����!��&"��*��>��&��#""�&"%�&�1#�"% -!%/�����%"�E"���
#11��",��;�!#� �&&�9%�&���'���-9�+��/!�'�'"#"����"���"��D�3%#�!��&"��*��D� #��%!'�'�&"����"#%!!�'�
G���-3��"-���#&)-!#%��H��%**,��&"�'�\7��Q[^� \F(%R[^>����1!-'D��&� �&'%�/���B-��'�-!�� !#���&"�
�-�'"#"����'"� �&&� ",��;�!��&"��*��� �++��!�%!!-'"���!#�F%)-���CCX�P� #���&�#�+�"�B-��!�'� #!�'�
���& � (�� �&"� -&��  �&�- "%3%",� "(��+%B-�� *#%<!�� �"� ��& � 1#��  �&',B-�&"� B-�� !�� *!-9� ���
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�
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�

3�4���	--?	/	��FF�5��F	��	������	��	��	�����	+��	��	"����������F	��	�$�F������E	��	����	������&	
�����	��	��F�	���	��FF�����E	

�
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, (#&)�'�  �&3� "%*'>� ��-�� �,"��+%&���  �'� "��%'� �,'%'"#& �'D� %!� *#-"� ,3#!-��� !��  ��**% %�&"�
��, (#&)�� �&3� "%*��#&'�!��&"��*��>�

D�. ������	��	���������F�	��	��F1�����F	��F�	�$�F������	
���  ��**% %�&"� ��, (#&)�� �#&'� !��&"��*��� �,1�&�� ��� !#� &#"-��� ��� !�, �-!�+�&"D� ��� !#�

1�,'�& ���-�&�&�����,<%"�#9%#!��"����!#�&#"-�����'�'-�*# �'����1#�"��"���#-"������!��&"��*��>��
��-'�&�-'�1!#T�&'��#&'�!�� #'��S�%!�&�.�#�1#'���, �-!�+�&"�#9%#!>��#��,*,��& ��\=%�BR^�

1��1�'��-&����3-�����!%"",�#"-�����'��%**,��&"�'�'%"-#"%�&'��"���'�*��+-!#"%�&'��-� ��**% %�&"�
��, (#&)�� �&3� "%*�B-%��&��,'-!"�&">��#�*��+-!#"%�&�1��1�',��1#��6�''%�-�'�7� N����"�?#.�D�
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� �� 2=Nu �'%�� cTaTa< � �B>�C]B�

� � 367,0128,0 TaNu = �'%�� 410<<TaTac � �B>�C]C�

� � 241,0409,0 TaNu = �'%�� 74 1010 <<Ta � �B>�C]A�

�
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D�. '�� ��	��"+���	
�#�+%'���&� �++-&���'�+��/!�'�"(��+%B-�'��-�'"#"����"��-���"���1#��!�%&"��+,�%#%���
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+# (%&��'�-'�*��+��+#"�% %�!!��	�
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� PGT = � �B>�C]X�
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D TeaufEB����P�
D PJfE[E�O��
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D hconvf�AR[�OZ+bZ?>�

�
�#� #�"�)�#1(%����'�"�+1,�#"-��'��#&'� �� #'��'"�%!!-'"�,���&�F%)-���CCQ>�

�



6��,!%'#"%�&��"��1"%+%'#"%�&���-&��&'�+<!�� �&3��"%''�-�D+# (%&� 

 

� � �C]C�

�
�

3�4���	--A	/	B5�"+��	��	�����4��+���	��	��"+�������	����F��	�1��	��	"����������F	����"�:��	
���+���	
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���  (#+1� ��� "�+1,�#"-���  #! -!,� 1��+�"� ���  �-1!��� !�'� +��/!�'� ,!� "�%B-�'D�
+#)&,"%B-�'� �"� "(��+%B-�'�	� !#� �,'%'"%3%",� �-�  -%3��D� !�%&�- "%�&� �,+#&�&"�� �"� !��  (#+1�
 ��� %"%*� ��'� #%+#&"'� �,1�&���&"� #!��'� ��'� "�+1,�#"-��'� ���  �'� +#",�%#-9� '�!�&� !�'� !�%'�
'-%3#&"�'�	�
�

� ( ) ( )[ ]00 1 TTT Cu −+= αρρ � �B>�C]]�

� ( ) ( )[ ]00 1 TTBTB
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TABLEAU XIV  - ÉVOLUTION DU COUT DES AIMANTS EN FONCTION DE LEUR TEMPERATURE 
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TABLEAU XV  - VARIABLES D’OPTIMISATION ET LEURS BORNES DANS LE CAS DE LA PREMIERE 

APPLICATION 

�#�#+/"��� 7��&��%&*>� 7��&��'-1>�

kalesage BDA� BDQ�
kdent BDA� BDQ�
kenc BDA� BDQ�
Rext BDBEB� BDCBB�
Lact BDBXB� BDAXB�
e BDBBC� BDBCB�
ea BDBBBX� BDBCB�

Angle tension B� CQB�
Br0 CDBX� CDCB�
kaim BDA� BDQ�
kmoy BDA� BDQ�

kpied_dent BDA� BDQ�
Conducteur/enc/etage C� EB�

m C� EB�
r B� C�
D BDBC>CBDC� BDBBX�

 
��'�3#�%#<!�'����1"%+%'#"%�&� �&"%&-�'�1-%'��%' �/"�'�'�&"��,"#%!!,�'��#&'� ��B-%�'-%">�

�
�



�#�"%������U�6%'���&�W-3������!#��,+#� (����� �& �1"%�&�1#���1"%+%'#"%�&��"�#11!% #"%�&�

�CRB�

�
D�E��A��	�������F�	�

ext

ales
alesage R

R
k = �

�

dent

dent
dent p

l
k = �

�

alesext

dent
enc RR

h
k

−
= �

�

r

moy
aim R

R
k = �

�

moy

arb
moy R

R
k = �

�

dentdent

dentpied
dentpied lp

l
k

−
= _

_
2

�

�
Rext, Rales, Rmoy, Rarb, Lact, e, ea� 	�  ����'1�&��&"� ��'1� "%3�+�&"� #-� �#.�&� �9",�%�-�D� #-�
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Br0�	� ����'1�&��;�!�%&�- "%�&��,+#&�&"����'�#%+#&"'�;�AB���>�
�
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D�E��A��	�B�	�E���	�
Conducteur/enc/etage�	�  ����'1�&�� #-� &�+<��� ���  �&�- "�-�'� 1#�� �& � (�� �"� 1#��
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TABLEAU XVI  - DEFINITION DES CONTRAINTES D’OPTIMISATION DANS LE CAS DE LA PREMIERE 

APPLICATION 

�#�#+/"��� ��&"�#%&"��

Tcu�\��^� n�CCB�
TIGBT�\��^� n�CAB�
TDiode�\��^� n�CAB��
queue \6�#^� n�CBB��
arbre�\6�#^� n�CBB��
moyeu�\6�#^� n�CBB�

fr�\+^� n��ZCB��
c1 \"�Z+%&^� o�CDAXE�

Hadem�\�Z+^� o�<�)�
Bculasse�\F^� n�CDE�
Bdent�\F^� n�CDX�

�&�-!#"%�&� �-1!��\�>+^� n�EDX�

�
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!�� )�#��� ��'� %'�!#&"'� -"%!%','>� ��& ��&#&"� !�'� #'1� "'� +, #&%B-�'D� %!� .� #� ��'�  �&"�#%&"�'�
���1"%+%'#"%�&�1�',�'� '-�� !�'�  �&"�#%&"�'�+, #&%B-�'��#&'� !�'�1%/ �'��-� ��"��� #*%&���,3%"���
!�-����'"�- "%�&>��#� �&"�#%&"������,*��+#"%�&�'"#"%B-��'-��!#�*!/ (��%+1�'��B-��!#�3#�%#"%�&�
��� !��&"��*��� &�� '�%"� 1#'� "��1� %+1��"#&"�� #*%&� ��� &�� 1#'� �,",�%����� �9 �''%3�+�&"� !�'�
1��*��+#& �'� ,!� "��+#)&,"%B-�'>� �#�  �&"�#%&"�� ��� �,*��+#"%�&� �.&#+%B-�� G1��+%/���
3%"�''��  �%"%B-�H� ,3%"�� ���  �& �3�%�� -&� ��"��� 1�� (�� ��� '#� 1��+%/��� 3%"�''��  �%"%B-�D� ��& �
1�,3%�&"� !�'� �,'�&#& �'� +, #&%B-�'� ��'"�- "�% �'>� 8%�&&�&"� �&'-%"�� !�'�  �&"�#%&"�'�
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TABLEAU XVII  - VARIABLES D’OPTIMISATION ET LEURS BORNES DANS LE CAS DE LA DEUXIEME 

APPLICATION 

�#�#+/"��� 7��&��%&*>� 7��&��'-1>�

kalesage BDA� BDR�
kdent BDA� BDR�
kenc BDA� BDR�
Rext BDBEB� BDCAB�
Lact BDBXB� BDABB�
e BDBBBX� BDBCB�
ea BDBBBX� BDBCX�

Angle tension RB� CQB�
Br0 CDBX� CDEB�
kaim BDA� BDR�
kmoy BDA� BDR�

kpied_dent BDA� BDR�
Conducteur/enc/etage C� CB�

m C� XX�
r B� C�
D BDBBBX� BDBBCB�
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TABLEAU XVIII  - DEFINITION DES CONTRAINTES D’OPTIMISATION DANS LE CAS DE LA DEUXIEME 

APPLICATION 

�#�#+/"��� ��&"�#%&"��

Tcu�\��^� n�CCB�
TIGBT�\��^� n�CAB�
TDiode�\��^� n�CAB��
queue \6�#^� n�CBB��
arbre�\6�#^� n�CBB��
moyeu�\6�#^� n�CBB�

fr�\+^� n��ZCB��
c1 \"�Z+%&^� o�CDAXE�

Hadem�\�Z+^� o�<�)�
Bculasse�\F^� n�CDE�
Bdent�\F^� n�CDX�

�&�-!#"%�&� �-1!��\�>+^� n�AB�

���E�E0. ��"�����	��	���������	�$�+��"������F	
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��F��4������F	 0	6	 �F������	 ���+����	 /	 2	
1����	�$�F�����"�F� 
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1���	�$�F�����"�F� 
��F��4������F	>	6	2	�F�������	"�F�+�����	/

2	1����	�$�F�����"�F� 
�

3�4���	 ->>	 /	 #1������F	 ��	 ��	 ��F����F	 ��������	 D"�5�"������F	 ��	 ���+��.	 ��	 �����	 ���	
��������F�	��	�$��4�����"�	+���	���	:�����	��F��4������F�	��F��������	
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TABLEAU XIX  - VALEURS OPTIMALES DES VARIABLES D’OPTIMISATION POUR LE SYSTEME 

D’ENTRAINEMENT DE COUPLE MAXIMAL 

�#�#+/"��� 7��&��%&*>�
8#!�-��

�1"%+#!��
7��&��'-1>�

kalesage BDA� BD]E[� BDR�
kdent BDA� BD][� BDR�
kenc BDA� BD]C[� BDR�
Rext BDBEB� BDCB[]� BDCAB�
Lact BDBXB� BDABB� BDABB�
e BDBBBX� BDBBXC� BDBCB�
ea BDBBBX� BDBCX� BDBCX�

Angle tension RB� CEADA� CQB�
Br0 CDBX� CDAX� CDEB�
kaim BDA� BDX]C� BDR�
kmoy BDA� BDXRC� BDR�

kpied_dent BDA� BDXA[� BDR�
Conducteur/enc/etage C� Q� CB�

m C� C]� XX�
r B� BDRQC� C�
D BDBBBX� Q>CBDE� BDBBCB�

 
 
TABLEAU XX  - VALEURS DES CONTRAINTES D’OPTIMISATION POUR LE SYSTEME D’ENTRAINEMENT 

DE COUPLE MAXIMAL 

�#�#+/"��� ��&"�#%&"�� 8#!�-��

Tcu�\��^� n�CCB� CCB�
TIGBT�\��^� n�CAB� CCR�
TDiode�\��^� n�CAB� R]DX��
queue \6�#^� n�CBB� R[��
arbre�\6�#^� n�CBB� CCE��
moyeu�\6�#^� n�CBB� [A�

fr�\+^� n��ZCB� CD]R>CBD]��
c1 \"�Z+%&^� o�CDAXE� CDR[>CBE�

Hadem�\�Z+^� o�<�)� DEDAC>CBX�
Bculasse�\F^� n�CDE� CDAC�
Bdent�\F^� n�CDX� CDEQ�

�&�-!#"%�&� �-1!��\�>+^� n�AB� CRDR�

�
,����	��B�	�C�E��	��

��& ��&#&"� !�'� 1��"�'� �#&'� !#� +# (%&�D� �&�  �&'"#"�� B-�� !�'� 1��"�'� 1#�� �**�"� 4�-!��
GE�CQA� OH� '�&"� &�""�+�&"� '-1,�%�-��'� #-9� 1��"�'� *��� GC�BAC�OH�  �++��  ��'"� !��  #'�
(#<%"-�!!�+�&"� �#&'� !�'� +# (%&�'� !�&"�'>� ��'� (#�+�&%B-�'� ���  �-�#&"�  �&"�%<-�&"� ;�
#-)+�&"���!�'�1��"�'�1#���**�"�4�-!�����E>QA�h>���%&*!-�& �����!#�6���'-��!�'�1��"�'�*���'��*#%"�
'-�"�-"� ��''�&"%�� '-�� !�� "��+�� ��'� 1��"�'� 1#��  �-�#&"'� ��� F�- #-!">� ���  ��**% %�&"�
��#-)+�&"#"%�&� ��'� 1��"�'� 1#��  �-�#&"'� ��� F�- #-!"D�� D� 3#-"� CDCC� #!��'� B-�� !��  ��**% %�&"�
��#-)+�&"#"%�&���'�1��"�'�1#��(.'",�,'%'D��D�3#-"�CDBBA>���'�1��"�'��#&'�!�'�#%+#&"'�'�&"�;�-&�
&%3�#-�"�/'�*#%<!��CD]C�O>��#�<#%''���-�&%3�#-���'�1��"�'�*���1�-"�'��91!%B-���1#��!#�<#%''�����
!#� *�,B-�& �>� ��'� 1��"�'� #,���.&#+%B-�'� '�&"� �,'��+#%'� "�-"� ;� *#%"� &,)!%)�#<!�'� GARDQ�OH�
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dqM �D qdM �	�%&�- "#& �'�+-"-�!!�'�'.& (��&�'��&"���!�'�#9�'�B��"���

eqlL , 	�%&�- "#& �����*-%"����-&��1(#'��'�-'�#!%+�&"#"%�&�,B-%!%<�,��

olL , 	� �+1�'#&"�����!�%&�- "#& ��'.& (��&��(�+�1�!#%����-��#-�*!-9����*-%"�����& � (��

oL 	�%&�- "#& ��'.& (��&��(�+�1�!#%���

pL 	�!�&)-�-��#9%#!���&"���!�'�1#!%��'�

rL 	�<�<%&��,B-%3#!�&"����%&�- "#& ��1��1�����'�#%+#&"'�

spireL 	�!�&)-�-����-&��'1%���

m 	�%&�% �����+��-!#"%�&����!#�6���%&"��'� "%3��'%&-'D"�%#&)!��

abM D bcM ��"� acM �	�+-"-�!!�'�%&�- "#& �'��&"���!�'�<�<%&�'�'"#"��%B-�'�

afM D bfM ��"� cfM �	�+-"-�!!�'�%&�- "#& �'��&"���!�'�#%+#&"'��"�!��<�<%&#)��'"#"��%B-��

aimantM 	�+#''����'�#%+#&"'�

arbM 	�+#''�����!�#�<���

cuivreM 	�+#''���-� -%3��� �&'"%"-#&"�!��<�<%&#)��

orM 	� +-"-�!!�� %&�- "#& �� '.& (��&�� (�+�1�!#%��� �&"��� !�'� #%+#&"'� �"� !�� <�<%&#)��
'"#"��%B-��

rotM 	�+#''���-���"���

aN 	�*�& "%�&����<�<%&#)���

enccondN / 	�&�+<������ �&�- "�-�'�1#���& � (��

encN 	�&�+<������& � (�'��

kN 	�#+1!%"-����-�J��"��+�����!#��, �+1�'%"%�&��&�',�%�����F�-�%������ aN �

parN 	�&�+<������ %� -%"'��&�1#�#!!/!��

sN 	�&�+<������'1%��'��&�',�%��1#��1(#'���

sppN 	�&�+<������'1%��'�1#��1(#'���"�1#��1#%������1�!�f&�+<������ �&�- "�-�'�1#��1�!��

�"�1#��1(#'��

intNb 	�&�+<�����%&"���-1"�-�����!��&�-!�-���
Nu 	�&�+<�������-''�!"��
p 	�&�+<������1#%��'����1L!�'�

racp 	�1#'�����#  �-� %''�+�&"��-�<�<%&#)���

TBBT ppp ,, 	�1��+,#& �'�'1, %*%B-�'�
!�	�3� "�-����'�"��+�'�'�-� �'�"(��+%B-�'�

aimP 	�1��"�'�1#�� �-�#&"'����F�- #-!"��#&'�!�'�#%+#&"'�

sin,cfP �	� �+1�'#&"����'�1��"�'�1#�� �-�#&"'����F�- #-!"�'�-'�#!%+�&"#"%�&�'%&-'�a�#!��

cisP 	�1��"�'�1#�� %'#%!!�+�&"����!#�!#+����#%���#&'�!��&"��*���

diodecommP , 	�1��"�'����1-%''#& ��1#�� �++-"#"%�&��#&'�-&���%����

IGBTcommP , 	�1��"�'����1-%''#& ��1#�� �++-"#"%�&��#&'�-&��=7F�

diodecondP , 	�1��"�'����1-%''#& ��1#�� �&�- "%�&��#&'�-&���%����

IGBTcondP , 	�1��"�'����1-%''#& ��1#�� �&�- "%�&��#&'�-&��=7F�

diodeP 	�1��"�'����1-%''#& ��"�"#!���#&'�-&���%����

ferP 	�1��"�'�*���
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dentferP , D culasseferP , 	�1��"�'�*����#&'�!�'���&"'��"��#&'�!#� -!#''��'"#"��%B-�'�

sin,hP 	� �+1�'#&"����'�1��"�'�(.'",�,'%'�'�-'�#!%+�&"#"%�&�'%&-'�a�#!��

IGBTP 	�1��"�'����1-%''#& ��"�"#!���#&'�-&��=7F�

JP 	�1��"�'�1#���**�"�4�-!��

leadP 	�1��"�'����1-%''#& ���#&'�!�#+�&,����� �-�#&"�����B!�

ondP 	�1��"�'����1-%''#& ��"�"#!���#&'�!��&�-!�-��
r 	�1��*�&��-�����+��-!#"%�&����!#�6���%&"��'� "%3��'%&-'D"�%#&)!��
ref 	��,*,��& �����"�&'%�&����!#�6���
R 	��,'%'"#& ��,!� "�%B-����-&��1(#'��

alesR 	��#.�&���#!,'#)���-�'"#"���

arbR 	��#.�&����!�#�<���

DiodebdR , 	��,'%'"#& ��"(��+%B-��<�:"%��D�%''%1#"�-��1�-��!#��%����

IGBTbdR , 	��,'%'"#& ��"(��+%B-��<�:"%��D�%''%1#"�-��1�-��!��=7F�

dcR 	��,'%'"#& ��,!� "�%B-���&� �-�#&"� �&"%&-�

deR 	��,'%'"#& ��"(��+%B-���%''%1#"�-�D�#-�

extR 	��#.�&��9",�%�-���-�'"#"���

DiodejbR , 	��,'%'"#& ��"(��+%B-��5�& "%�&D<�:"%���1�-��!#��%����

IGBTjbR , 	��,'%'"#& ��"(��+%B-��5�& "%�&D<�:"%���1�-��!��=7F�

leadR 	��,'%'"#& ��,!� "�%B-�����!�#+�&,����� �-�#&"�#-9�1- �'�'�+% �&�- "�% �'�

mR 	��#.�&��-�+�.�-�

rR 	��#.�&��-���"���

thR 	��,'%'"#& ��"(��+%B-��
eR 	�&�+<��������.&�!�'�

encS 	�'� "%�&����& � (��

rotS 	�'-�*# ���-���"����&� �&"# "�#3� �!��&"��*���
t 	�"�+1'�
T 	�1,�%����,!� "�%B-��
��	�3� "�-����'�"�+1,�#"-��'�

dT 	�1,�%��������, �-1#)��

eauT 	�"�+1,�#"-������!��#-�

jDT 	�"�+1,�#"-������5�& "%�&����!#��%����

jIT 	�"�+1,�#"-������5�& "%�&����!��=7F�

Ta 	�&�+<������F#.!���

cba vvv ,, 	�#+1!%"-�����'�"�&'%�&'���'�1(#'�'��%�A��"���

qd vv , 	�#+1!%"-�����'�"�&'%�&'���#9�'�B��"���

ov 	� �+1�'#&"��(�+�1�!#%������!#�"�&'%�&�

avV �	�3#!�-��+�.�&&�����!#�"�&'%�&�6��������'',��

fundavV , 	�3#!�-��+�.�&&���-�*�&�#+�&"#!����"�&'%�&������'',�

ceV 	� (-"�����"�&'%�&�#-9�<��&�'���-&��=7F�

dV 	� (-"�����"�&'%�&�#-9�<��&�'���-&���%����

dcV 	�"�&'%�&��-�<-'� �&"%&-�

nomV 	�"�&'%�&�&�+%&#!����'� �+1�'#&"'�'�+%D �&�- "�-�'�
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pV 	�3%"�''��1,�%1(,�%B-���-���"���

rmsV �	�3#!�-���**% # �����!#�"�&'%�&�

fundrmsV , 	�3#!�-���**% # ���-�*�&�#+�&"#!����"�&'%�&�

*
mW 	� �D,&��)%��+#)&,"%B-��
*
moW 	� �+1�'#&"��(�+�1�!#%������!#� �D,&��)%��+#)&,"%B-��

α 	���+%���-3��"-���#&)-!#%������!�#%+#&"�#-��#.�&��-�+�.�-�

Cuα D
rBα D

cjHα 	� ��**% %�&"'����"�+1,�#"-���

β 	���+%���-3��"-���#&)-!#%������!�#%+#&"�#-��#.�&��-���"���
δ 	�#&)!��%&%"%#!��&"���!�'���1/���B����"��%B-���"�B��'"#"��%B-��
η 	� ��**% %�&"���#-)+�&"#"%�&���'�1��"�'�*���1#��(.'",�,'%'�

sysη 	���&��+�&"�)!�<#!��-�'.'"/+��

λ �	�!�&)-�-�����&������!#�*��+�����&����9 %"#&"�!#� -!#''��'"#"��%B-��

thλ �	� �&�- "%3%",�"(��+%B-���-�+%!%�-�
µ 	�1��+,#<%!%",�+#)&,"%B-���-�+%!%�-�

0µ 	�1��+,#<%!%",��-�3%���

aµ 	�1��+,#<%!%",���!#"%3����'�#%+#&"'�

airµ 	�3%' �'%",��.&#+%B-�����!�#%��

airρ 	�+#''��3�!-+%B-�����!�#%��

Cuρ 	��,'%'"%3%",�,!� "�%B-���-� -%3���

0Cuρ D
0rB D

0cjH 	�1��1�%,",'�1(.'%B-�'�;�!#�"�+1,�#"-��� 0T �

Ferρ 	�+#''��3�!-+%B-���-�*���
σ 	� �&�- "%3%",�,!� "�%B-���-�+%!%�-�

arbreσ 	� �&"�#%&"��+, #&%B-���#&'�!�#�<����G"��'%�&H�

tmoyeu_σ D fmoyeu_σ 	� �&"�#%&"��+, #&%B-���#&'�!��+�.�-��G"�# "%�&��"�*!�9%�&H�

queueσ �	� �&"�#%&"��+, #&%B-���#&'�!#�B-�-����#��&���G"�# "%�&H�

Dτ 	�*�& "%�&���� �&�- "%�&���-&���%����

IGBTτ 	�*�& "%�&���� �&�- "%�&���-&��=7F�

sτ 	��-3��"-���#&)-!#%����-�1#'���&"#%���
ϕ 	��,1(#'#)�� �-�#&"D"�&'%�&�

aimφ 	�*!-9���'�#%+#&"'�

entreferφ 	�*!-9�;�"�#3��'�!��&"��*���

fuitesφ 	�*!-9����*-%"��;�"�#3��'�!��+�.�-�

χ 	� ��**% %�&"���#-)+�&"#"%�&���'�1��"�'�*���1#�� �-�#&"'����F�- #-!"�

cba ψψψ ,, 	�*!-9� #1",'�1#��!�'�1(#'�'��%�A��"���

1ˆdψ 	�#+1!%"-����-�*�&�#+�&"#!��-�*!-9���#9��B�;�"�#3��'�!��<�<%&#)��

fψ 	�*!-9���'�#%+#&"'�;�3%���1#��1(#'��

fψ� 	�*!-9�����%)%&����"��%B-��

1ˆ fψ 	�#+1!%"-����-�*�&�#+�&"#!��-�*!-9���'�#%+#&"'�;�3%���;�"�#3��'�!��<�<%&#)��

fcfbfa ψψψ ,, 	�*!-9�;�3%��� #1",'�1#��!�'�1(#'�'��%�A��"���

fqfd ψψ , 	�*!-9���'�#%+#&"'�;�3%���1��5�",'��#&'�!����1/���B��"�-�&#&"�

foψ 	�*!-9�(�+�1�!#%���;�3%����I�#-9�#%+#&"'�
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oψ 	�*!-9�(�+�1�!#%��� #1",�1#��-&��1(#'��

rψ 	�*!-9� #1",�1#��!#�<�<%&��,B-%3#!�&"��;�-&�#%+#&"�

sψ� 	�*!-9�����%)%&��'"#"��%B-��

soψ 	�*!-9�(�+�1�!#%�������%)%&��'"#"��%B-��

eω 	�1-!'#"%�&�,!� "�%B-��
Ω 	�3%"�''�������"#"%�&�+, #&%B-���-���"���

1cΩ 	�1��+%/���3%"�''�� �%"%B-��
�
�
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