
HVDC 2006 CONGRESS�
12-14 July 2006 – University of KwaZulu-Natal (Westville Campus) 

����������	��
���
��	�������������	������
����������������	������������������     

 
 

� ������� � ���! " ��������
���" ����������	�# $ $ �% ����
 

2006-04-27 07:42  06TS0094 

� & �' �����" ���� ( ��) ��
* " � ������� ������� ���' �� + ��' ���" ����
� & + + � & + + � & + + � & + + � & + + �
� ����	�& �
����� ���� ���� ���� ���� ���� ��� ���� ���
�
�

,- �. / �( ��,/ - �

� � � �� � � �� ��	 
 
 � � 
 � �� � � �� � � � ��� � � � �� ���� � ��� � ��� ����� � � � ����� � �� �� � �� � � � �� ��� � ��� �� � 
 
 �  !�� � � ��"� � � �

� �� �� � � � � ��� � � � � �#
 
 
 � � !$�� � � � � �� ""% ��� �&� � �� $�� � �� � $�' � � �� �( ���� � �� � � �) �� � �"*�+ ��� ��� �� � � � ��� � � �� � � � �

� � � � �� � ��� �� � � � "� � ��� � �� � � � � � � �% ��� � � � � "� � % $�� � � ��� � % �� � � � �� � � � �� � �� ��� �� � � � ��� ��� � �"� � ��% � � ��� ��� � *�

, � � � �� �� � �� � � � � ��� ��� �� ��� � � $��� � ��� ""� � �� � �� � � � � �� �� �� �� �� � � � �� � �� � � � �� �"% ��� ��� �� �� � � � �-�� � � � � ��� ��

� � � ��� � �� ��� � $��� � � "� ��� � �� ��� � �� "� � $�� . � �� � � � ��� � � � �� � �� ��� � � �� � � �� �� ��� � �"� % � � �*�

�/ - �0 . �0 . ��/ - �,1 ( . & �,/ - �

� � � ��� ��� � �� ���� � ��� �� � � � � ���� � � � �� � �� � � $�� 
 
 
 / � � 
 
 ��  $�� � � � � ����� � � � � � � �% ��� �� � � � �� � �� ��� � � �� � � �

� � � � � ��� ��� �� � � �� � ��� � "� *�� � �� �� �""�� �� �� �0 � ��� � �� �� �� �� � � � � � �� ���� � "�� �� � � ��� � �� � � � ��� � ��� "�� � �"��% �� � � �

� � � �"� � �"��% �� ���� � ���� � � � �� � �� � *��

1 �� �#�� � � � � ��� ��� ��� � � � � � � ��� ��� ��� � ��
��������#23� � "� � �� �� � � � ��� �� � ��� � �� � ��� � "� ��

( � � �� � ���� � � � � ��� ��� �� �� �� � ��� �� �� � �� �� �� � � � ��� �

�� � ���� � � � � ����� � ���� ��� � � ��� �0 � �� � � �� � �� � �!�� ���� � �

� � � � � ��� ����� � � �� �� � �� *�( �� � � � � � �� ��� �� � �� ��� � � �

� � � �� � ��� � �� �� � � �� � ��� � "� ��� �� � ��� � � $��� ��� � �����

� � � �� � � � ��� ��� � �� � �� � �% �� �� �� � "� � �� �� 4� � �� ���� � �

�� � �� �� �� 
 5� $�� � � �� �� �6 3� � "� � �� �� � � � �� � �� �

� � � � � � �� � ��� �� � ��� � ��� �� � � �� � � ��� � �� � � ��� � �

� � "�� � � $�� � � �� � � � �� �� � � �� � � �� �� % 3� � � � �� �� � � � �$�

� � � � "� ��� � �� �� � � �� � � � ��� �� � ��� � � � �� � �*��



HVDC 2006 CONGRESS�
� ������� � ���! " ��������
���" ����������	�# $ $ �% ����

 

2006-04-27 07:42 06TS0094 Page 2 of 8 

�

� � � �&�� �� � �±�� 
 
 �� � �7 � 
 � �� �� 4� � ���� ��� � �� � "% �� �� 4� � ��� ��� ��� % ��� �� ��� � "� � � ��� � ��� � � ��� � �#23� � "� � �� �� � � � �

� � ��� � "� �� � � ��� � �� � � �� ��� � �� 6 � � ��� � � � ��� �� 6 � � ""� � �*�� � � �� ��� � � � � � � ���� ���� � �
 � 3% � �� �� �""�� � �� "� � � ���� � �

� � � � �� � ��� ���� � �±�8 
 
 �� � �� �� 4� � �� �� � ��� ��� �� ""�� . � �� � � � ���� �� � ��� ��±�	 
 
 �� � *�� � � �� � "% �9� � � :�� . � �� � � � ��

�� ��� � �� % 3� � � � �� ��� � � � � � � ��� ��� �� �� � � � � � � �� �� �� � � �� �� � 3� � � � � �� �� � � � �� ��� ��� � � � �� �� � � $�� � � �1 �� *�#�

,- �( � & �,/ - ��/ / . �,- & �,/ - �

( *��; � � � �� "�

1 � ��	 
 
 � � 
 � �� �� ��� � � $��� � �� � � �� ��� � � � ��� ���� � � "� ��� � �� � � �� �� � ��� � �� �� ��� � �� � � � �� � ��� � � � �� � � "�� � ��� ��

"� � � ��� � "�� � � � $�� � ���� ��	 
 
 � � 
 � ������ �� � � � � � �� � ""% �� � � � ��� �� "��� �� � � ��� "��� � �� 6 � � � �� � �� ��� � � � � ��� �� � �� � � � �

� �� � � ��� � � �� � $�� � � ��� �� � � � ��� � � "� ��� � �� � �� �� � ���� � �*�

� � � ��� ""�� � ��� � �� � � �� � "�� � � � �� �� � �� ���� � �� � �� � ��� � �� � � � � � % �� ��� �� �� � � �� % � �� � *�� � � �"� � � � �� � � ��� "��� � � "�� �

�� �� � � �"% �� . � �� � � � �$�� � � ��� � ���� � ��� � � ��� "��� � � "�� ��� �� � � �"% �� ��� � �� ��� � � � � � � �� � � �� � �� "� �� � *�, � � � �� �� � �

� � �� �� � $�� �� �� �"� ��� ��� � ��� � �� � � � � �� -��� � �� � � ""�� � �� �� � ��� � � "���� �� � � �"% �� . � �� � � � ���� �"� �� � $��� � �"� �� � �

� � �� �� � ��� � � "���� �� � � �"% �� . � �� � � � �*�� � � �� ��� �� �� � � � � ��� � �� ���� ��� � �"� ��� ��� � � � � �$��� � � � � -�( � � �� � �� � �� �� � �

� � % �� � � � �� � � � �� � � �� � � ��� � �� � � �� *�1 � ��	 
 
 � � 
 � $��� � �� � � �� � � ��� �� � � �� � � ��� � �� �� ��� ��� � �� � �� � � � �� % ��� � �

� � � �� � � ��� �� . � �� � � � ��� � � �� � �� �� � �� �"� � �� �� � �� � �� � � �� � � ��� "�� �� �4� � ����� � *�

) *��� � � � �� �� � % �

( � ��� � � "� ��� � �� � � �� �� � ��� � �� �� � % �� � � �� � � � �� � ��� �� � � ��� ���� � �� � �� �� � �� ��� � �	 
 
 � � �7 � 
 � ���� � � � �� � �� � �

� % � �� � *�� � � �� � �� ��� ���� � �� % � �� � �� � � �� � � � �� � � � � � � �� � � � � �� � ��� � �� � � ��� � � �"� � "� �� � ��� � �� � ��� ��� � �

� � �� � �� $�� ��� ��� � � �� ��� �� �� "�� �� � �% �� � � �� � �� ���� � �� . � �� � � � ��� 6 � � � �� � ��� ��� � � � �� � ��� � �� ""� ��� � *�1 � ��� � �$�

�� � �� �� � % �� � � � � � ��� � ��� � "����� � ��� � �� � � � �� �� � ��� � � �� ���� � � ��� � ��� ��� � �� . � � "��� � � � �� � � � � $�� � � �� ���� � �

� � � ��� "$�� � � �� � � �� ���� � �� � "� �% �� "� � �� �� � ���� � � ��� � � � � �� � � � -�) � "� � � �� � ��� � ��� � � � �� � � � ��� � � � � � ��� � ���� � "� �

� � � � � ��� � �� � ��� � �� ��� � �� �� ��� ��� � �� � � � ��#23� � "� � �� �� � � $�� � � �� � ����� � � � �� "� ��� �"� � � ���� � ���� �� �� � ��� � �"� � � "*�



HVDC 2006 CONGRESS�
� ������� � ���! " ��������
���" ����������	�# $ $ �% ����

 

2006-04-27 07:42 06TS0094 Page 3 of 8 

� *��< �� �� � ��� � �� � � � � � ��� � � ��� ""�� � ��� � �� ��� � � � � !�

&� �� � � ���� � ��� ��� � �� � � �� ��� � � � �� $�� �� � "% �� ��� � ��� � �� ��� � �� �� �� � �� ����� � �� � �% �� � � � ��� ��� � �� � �� � � � �� �� � � % �

� �� �� �� � "�� � � �� � � �� �� �� � ��� � �"� � � "� $��� � �� �� �� � ��� � �� � � � � � �� ���� � � �� ���� � "� � � � �� � �� �� ��� � �� �� ��� � � �� �� �

� � � � ""% �� � � "�� � �� ��7 � 
 � �� � � � � � � �� �$�� *� *�8 
 
 � � 
 � *�� � � �� ��� � �� �� �� � % � � � ��� � �9� � � � ":�� � � � �� � �� �

"� � � �� � ��� �� ��� � �"% �� �� �� � �-�

• � � "� � �� �� � �� ��� � � � � ��� ����� � � �� �� � �� �� ���� � �� � � � �� � � ��� 3� � "� � �� ��� � � �

• 	 
 
 � � 
 � �� � � �� � �� �� � ��� � �� � � � ��� � � � �� �� � ��� � � �� ��� �� �� � �� � �� ��� �� � � � �� "�� ��� � �� �� �� ��� � � � ���� �
"� � � ��� � � �� � ��� � �� � � �

• ( � �� � � ��� � �� � � � �� �� � ��� � � �� ��� � �� � "� �� �� � �

• 	 
 
 � � 
 � �� � � �� � �� � "� � �� �� � �� ��� � � � �� �� � ��� � � �� ��
�� � � �� � � ���� �� � � � ������ ��� �� ���� �� �� ��� � �� ���� �� � � � ��� �� � �� � � � ���� � ��� �� �� ��� � �� � � �� � �� � �� � � �� �� $�
� � � ���� �� � � �� �""�� � � � ��� �� � �� � � �� � � �� � �� �� � � � 3� % 3� � � � �� � � �� !�
�


 *��&� � � "� ��� � �� � �� �� � ��
 � ��� �� � �� ��� � �� � � ���� � �� ��� � � !�

( ���� � ��� � � "��� � �� ��� � � � � ��� ��	 
 
 � � 
 � �� . � �� � � � ������� �� 6 ��� � � "% ��� � � ��� � ���� �� � � � �� � � � � � % 3� �� �� �� � �

� � �� �� � *�� � � �� ��� �� � ��� � � ��� ��� � � ���� � � "�� � �� �� � �� � � � � �� � �� � � 4� � ��� � �� � � �� � �� ��� � � �� ���� ���� � �� � � �� � �

� � "� � "� �� � �� ��� � �� � � �"� � � "� ��� �9�� � �� � 6 ��� �� � � ��� �� � � � �� �"� � � ":$�� �� � � ��� � �� ��� �� � ��� �� �� � � � � � � � �"��% �� ��

� . � �� � � � ��� � �� � � � �� ���� �� � ��� �� ��� � � �� � ��� �� � �� � "��� ��� � �� . � �� � � � �*�

&� �� � � � �7 � 
 � ���� � � � �� � �� � � $��� ���� % ��� �� ��� � "� � � $�� % �� 6 �� � � �� � $��� � �� � � � ��� � � "� ��� � �� � �� �� � �� � � � ��� ��

� � � � � � ��� � � "�� . � �� � � � ��� � � � �� � � � ��� . � ��� � *�� � � �� �� �� �� �� � � � "� �� ���� � � ��� � ��� � �� �� �� � % ��� � �� � � � �

� � �� �� � �� � � � �� � ��� � �� � � � *�= � � �� � �� ���� ��� � �� 6 ��� � � "% �� � ""�� � � � � �� � "�� � � �� �� � �� � �� "� � � ��� � �� � "� � $�

��� � � �� � �"% $�� % � � � �� � ""% $�� � � �� "� � �� � �� ��� � � ��� � �� ����� � �� ��� ��� � � "�� � ��� � �� ��� �� � ���� "� $�� � � �� � � � �� � ��� � �

% � � �� �� � � � $�� � �� ��� �� "� � �� ���� �� � ����� � �� � � � � � ��� � � "�� . � �� � � � �*�

�
 

,����������" �
���� 

&� � � "� ��� � ��% � � � = �"� ( ��� � � "� � � #�

> �� � �� �� � � 2
 ? � 2
 ? � #
 ? �

' � ��� � �� � � #8 ? � #8 ? � #
 ? �

) � � � � � � �� ���� � �� � � � � $��� � ��� � � "� ��� � �� � �� �� � ��� ��

�� � ��� % ��� �� ��� � "� � � �� � � � �� � ��� � � � �� ��� ��� � �� � � � �

� � � � ��� �� ��� � �� � ��� �$�� � ���� � � �� �� � �� *�� � � �

� � �� �� � �� � � � � � �� � �� % ��� � �� � �� � �� �� �� ��� � � - #�( � �� � � �� �� � "� �� � "� � �

 



HVDC 2006 CONGRESS�
� ������� � ���! " ��������
���" ����������	�# $ $ �% ����

 

2006-04-27 07:42 06TS0094 Page 4 of 8 

+ *��' �� � % ��� � � "�� �

1 �� � ��� � �� �� � �� � ���� � � � �� � �� � $��� � ��� � � "��� � �� ��� � � � � $�� ��� � �� �� � � � �� �� "% $��� � ��� � � "��� � �� �� �� � ��� � �"� � � "� $�

�� ���� � �� � � ���� � � ��� � ��� . � �� � � � ��� �� �"�� �� � �� � "� � * 



������ ���� ����2% �3�
� �������� �����	���� � ��	������
� � � � � ��� ����� � � �*�� � "� � �� �� � � #� #
 � #� � 2�

' � � � �� �� � ��� � � �� �*�( � �� � � � @ ( � #	 
 
 �

' � � � �� �� � ��� � � �� �*�� � �� � ��� � #A 	 2� #8 22�
� � % ��� �� ��� � "� � *�( � �� � � � � 
 8 � A 	 � �

� � % ��� �� ��� � "� � *�� � � ��� �� �� � � � � #A 	 #� #� #2�


 � �� � � *�> �� � �� �� � � #A 	 2� #8 B 2�
�

0 4 ( ,
�0 - ���/ - �,�0 . & �,/ - ��

( *��; � � � �� "�

� � � �� . � �� � � � ��� ��� � �� � �� % ��� � ��� � �� � � � � �� � "�� � � �"� � � "��� �� ��� � � �� � �"�� ��� � ��� �� � � � �� �� � �� � � � � � �� � ��� ��� � �

� � "� �� � � $�� � � � �� � �� � � � � ��� ����� � � �� �� � �� $�� � ""�� � � � �� � � $��� % ��� �� ��� � "� � � $�
 � 3� � "�� � � �� �� �� � ��� �� *�� � � �

� � �� �� � ���� ���� � �� . � �� � � � ��� ��� �� ��� � �� � � � � ��� ��� �� ��� � ��� �� � ��� 6 � � � � � ��� �
 � $�� � � � �� � �( � �% � �� �

� � � � �� �� � $�� � � ��� "�� � � �� �� �� � ��� � �� � � �� � 6 �"�� �% �� % � �� � � *�

� � � �� � � ��� �� � ���� � � ��� ���� �� � � � �� � �� � � � �� . � �� � � � ���� ��7 � 
 � �� � � � � �� � �� ��� �� . � �� � � � ���� ��7 � ( � ��� ��� � �

� � � � ��� ��� �� � � ��
 � �� �� � �� � ��� ��7 � 
 � �� . � �� � � � �*�

 � � � �� � � "�� � � "� $�7 � 
 � �� . � �� � � � ���� �� � �"��� � �� % �� � � � "� � �� � � �� �� � � � �� � � � "� ��� �� �� � �� � � �� ��� �� �� �� � � ��

�� � �� ��� � �� � "�� � � �� �� � �� � ��� � �� �� ��� � �� � ""�� � �� � �( � C��� � � �� � ��� �� � �� � �� � � � � ��� �*� ��� �� �� �� � � ��� � "�� � � �

� �� � �� � $��� � �� � "�� � � �� ��� � � ��� ��� � �� � � � "� � �� �""�� � ��� � �� � � � $��� � � �� "� � � �� ������� � �� � � � "� ��� �� � ���� ��� � �	 
 
 �

� � �� � � � �� �� � �� ��� �8 
 
 �� � �� � � � �� �� � *�� � �� ��� �� � � "�� � � "� ��� ���� % ��� �� ��� � "� � � $���"�� ��� � � � � ��� �� $�� � "�� � � �

� �� �� � �� �� �� *�1 � ��� �"C� � � � ���� � � "� ��� � �� % � �� � � ��� � �� ��� � ��� � ��� �� � �� �� � � � "�� � �� � $�� �� � � ������ �� � ��� � � � �� "� ��� �

� ��� � � � ��� � �
 � �� �� � �� � �� ��� �� � % � �� � "��� � �� �� �� $�� � ���� � �
 � �� �� � �� � �� � � ��� � �� � � � �� � �� % �� �� � ��� � � � � �� � *�

1 � ��� � �� � � ��� . � �� � � � ��� 6 � � � � � ��� �� � ""� ��� � �� � � ��� �� C�� � $��� � �� � � �� �� � ��� � �� � �� � � � ��� � ��� �� �� � "�� � � �

� 6 �� �� � "�� � "�� � � �� �� � �� � ��� �� � ��� � � ��� � ���� � � � *�



HVDC 2006 CONGRESS�
� ������� � ���! " ��������
���" ����������	�# $ $ �% ����

 

2006-04-27 07:42 06TS0094 Page 5 of 8 

( ��� �� � � � �$�� �� �� �% � � � ��� ��� ""�� � � � � ��� "�� � � � �� �� � �� �� �� � � � �� � �� �� � $�� � � �� �""�� � �� � � 4� � ���� ��� �"� � � ��� �� �

�� � ��� ��� ��� "� � � �� � �
 � �� � "�� � � �� ��' � , &��� � ��"� � � �� �� �% ��� �> � � � �� � *�

) *��� � � � � ��� ����� � � �� �� � �� �

( � �� � � �� � � � �� � � � ��� � � �� � � � � $��� ��� � � ��� . � �� � � � ���� � �


 � �� �� � �� � ��� �� � � � �� % �� � �� � ��� � "��� � �� �� �� *�� � �� ��� �� � ��

�� � �� � � � ��� ���� � ��� � � "� ��� � ��� � �� � ��� � �� � � � � ��� ����� � � 3

�� �� � �� *�� � � ��� � � "� ��� � �� % � �� � ��� ��� � ���� � � �� �� � �� ��� �

� � �"��� � �� % �� �� % � �� � �� ��� �"�� � � �� � � � �$�� � � ��� � � ��� � �

�� � �� ��� ��% �� ���� � � � �� � �� ��� "� �� �""�� � �� �� �� � ��� � �
 � 3�

� �� � �� � *�&� ��� � �� � � � �� � % $��� � �� �� "� � ���� �� � �� ����� ��% �� �""�

� �� � ��� � ���� � � �� � ��� � "�� � � �� �� ���� � ��� � *�

&� �� � � "� � % �� ��� �� �� � ��� . � �� � � � �$��� � �� ��� � � � � �� � "� � � ��� �� �� � � � � ��� ����� � � �� �� � ���� �� � "���� � ��� �� � � �

� � "� � � � �� % �� � ""� "� � � �� � ���� �� $�� � � �1 �� �2$�� � � ��� � �� ��� � � ��� �� � � � �� � �� ��� � � � "� �� � �� � ""�� ��� �� ��� � �

� � � � � �� � "� �� ���� ��� *�

' �� � � ��� � ��� � �� ��� ���� � �� ��� �"�� � � �� � � � ��� � �% �� ��� ��� � � � �� �� �� �� � � �� � �� � $��� � �� � "�� � � �� �� ���� � ��� � �� � � ��� � �

� � "� � "� �� � ��� ��� � � � �� "�� ���� �� � ��� � � � ���� � � *�( "� � $��� � ��� � �� ��� ��% �� ���� � �� � � �� ��� ���� � �� � � � � � � � �*�

� � � �� "� � ���� �� � � � � � ��� � ��� �� �"��� �� � � � �� % �� "� � ��� � � �� � �� � ""�� � �� % ��� � � *� � � � �� �
 � ���� "� ��� �� � � "�� � �� � �� � � �

� � �� �"�� � � $��� � ��� � � �� �""�� � �� �� �� � � �� � ��� ��� ��� � � � ���� � $�� � � ��� � � ��� � ��� � �� ��� ��% �� �""�� � � � � � *�� � �� � �� � "� ��� �

� � "� � "� �� ��� � �� � �� � "�� ��� � � � � �� � � ���� � �� � � � �� � �� �� � ��� � �� � "� ���% ��� � � �� � "��� ��� 6 � � � "� $�� �� � "� � "� ��� � �

� � � � "��� � "� � �� � ��� � ��� � �� � � � � � ��� � �� � � ��� � �� � � � *�' � � � �� �� � "� � "� ��� � ��� � "�� � � �� � � � �� � � � "� � � � �� % �( ) ) �

� � � ��� �� � � � ��� ��� � � � � ��� ����� � � �� �� � ��� � � �� � �DA E*�

0 5 �0 . - & � �,- �( � & �,/ - �

� � � ��� � � � �� � �� �� 4� � ��� � ��� � �� 6 �� �� � "��� � � "� ��� � ��� ��	 
 
 �� � �� � � �� � � �� � � ��� �' � , &��� �#B B 2�� % �( ) ) �D� E*�( �

"� �� � �� � � � � ��� ��� 6 � � ��� � � �� �� � �� �� � ��� �� � � ��� �' � , &5� �"� � � �� �� �% �� ��� �� � ""� ��� � ��� � ��� � �"��% �� � ��� �#2
 
 �

� � �
 � *�&���� �� "� � ����� � �"� � � �� �� �% �� �� � �� � $�D8 3F E$��� � ��� �"�� � � ���� "� ��� � � � �� �� � "� � ��� �� � ""� ��� � ��� � �� �� � �� � � � �

1 �� *�2*�� �� � � �� �� � ��� � �� ��� � � "� ��� � ��



HVDC 2006 CONGRESS�
� ������� � ���! " ��������
���" ����������	�# $ $ �% ����

 

2006-04-27 07:42 06TS0094 Page 6 of 8 

�� � ��� . � ��� � �� �� � � � � � �� �� �� � � � �� � � ��� � �� � � "�� � �� � "�� � � ��� ���� � �� � � � ��% � � �� ���� � � "� �� ��� 6 � � � ���� ��' 
 
 �

"� � � "� �"� � � ���� � � �
 *
 A � � C� � 2*�� � � ��� � � "��� � � � � ��� � ���� "� ��� � �"� �� � �� � � � �� � � � �� � ��� �� ���� � � ��� � � � ��� ��

� � � � ��� �� �� � � �� � ""� ��� � �� � ��� �� � � � � *��

� � � �� � �� � �� 5�� �� � � �� � � �� � ��� �� � � ��� � �� � � �� � ��� � �� � � �� ��� � � "�� 6 � � ��� � � � �� ���� � �� 6 �� ��� � �7 � 
 � �� �� ��� � � �

� � �"� � �� � *�' � � � �� ���� � �� � �� � � � � �� ���� � � � �� �� � �� � �� � �� �� � � "�� � � � �� � � � � � � �� � "% $�� *� *�D	 3#
 E*�� � � �

� � � �� ��� � � "�� 6 � � ��� � � � ���� � �� 6 �� ��� � �7 � 
 � �� �� ��� � � $���� � �28 
 ��� �� 
 
 �� � $�� � � �� � � � � ��� � ���� � ��"� � � � � � ��

�� �� �� ���� � � � �� �� ��� � � �� � � �� � �� ��� � ��� � ��� "� ��� � � ��� ��� � �� � "�� � � �"� � � "� �� ���� � �� �� ��� � � *�&��� � � �� "� � �� � � � �

� � � � � ��� � ���� � �� ��� �� � ��� � � � � � % �� � � �� � � � ��� �� � � � � � �� �� �� � � ��� � "� � ��� ���� � �� � � � ���� �� �� � � � � � �� �� �� � � � �

� � � � � � � �� ��� �� � � ��� � "�� � � �"� � � "*� ��� �� � ��� � "� �� � � �� � �� � � �� � �� �� � � � � � $�� �� � �% �"� � ��"� � � � � � ���� �� �� ��
 *
 8 �

�"� � � � � � �� �� � ��� � "� �� � ��% � � ��� � � �� � � � �� � � �� � � � ��� �� ��� �� "�� ��	 
 �� � "� � ��� F �� �� ��� � � !�� �� � � � ��� � �� � �"� �

� � � � "�� � �� % �( ) ) *�� � � �� � � �� ��� % � �� � � � � �� �� � � ��� � � �� � � �� � � � �� ��� � � � � �� � � �� � � � �� �� � � � ��� �� � �� � �% �

� ��� � ��� � ��� ��� � �� � �� � ��� � �� �� "� � ���� �� ��� � � �� �� ���� � ��� � � "� �� �� *�� � � �� � ""�� � � � � �� � � � � � �� � ���� � ��"� � � � � � ��

� � � � � � � � � �� � $�� � � �"% $�� � ""�� � � � �� � � �� � � �� � � � �� �� � � � �� � �� ��� ��� � � "� �� �� �� ��� �� % � �� � � � � �� �� � ��� � � *�

; � � � �� � � �� ��� � � "�� 6 � � ��� � � � � �� ��� �� �"�� � � � ��� � � � ���� � � "� �� �� ��� �
 � �"�� � � �� � � �� �� ��� � � $�� � � � �� ��� �� � � ��� ��

� �� � � � � � �� �� �� � � � ��� � � ��� � ��� ��� � �� � "� �� $�� � � � �� "� � �� � � � ��� � � ��� � �D##ED#2E*�

� � � �� � � ���� � � ��� � ���� � �� ���� ���� � � "� �� ��� � "� � ��� � ��� ��� � �� ��� �� � � � ���� � � *�= � � �� � � � "� �� � �� � � �� ��� � ��

�� � � "� �� �� �� � � � ��
 � �� � "�� � � �� �� � ��� � ""� � ��� � �� �� � ""� ��� � ��� � � ��� � � "� �� �� �� � � � ��( � �� � "�� � � �� ���� � �� � � � �

� ��� �D#A E*�&� �� �� � ���� �� � � � �"� � � 3�� �� �� � � � � �� � � � ��� � �� ��� $��� � �� � �� � �� �� �� � � �� � � �� �� � �� � �� �� � ��� � "� ��� � ��

� �� ��� � ��� � ��� � � � � �� � �� � ""� ��� � $�"� � � � � � �� � ��� � ��� � ��� � � "� �� �� �� � � � ��
 � �� � "�� � � �D#� E*�

&� � �� � � �� ��� � �� � �� 6 ��� � � "% �"� � � �� � �� � �� ��� � � "� �� �� ��� ��G7 � 
 � ��� �� � � � �"% �� � ""� �� � �� �� � � $��� � �� �� �� �� � � % �

� "�� �� � ��� � �� � "� ��� � � ��� � ��� � � �"� � � ��� �� � �� � ��� �0 � � �� � � �� � *�� � � �� � � �� ���� � � "� �� �� �� ��� �� � � � �� � �"��% ��� �

�� �� �� �� �� % � �� � � � � �� �� � ��� � � ��� �� �� � � � �� � "� ��� � *�� � � � � ��� � "� � � �� � � � � � ��� ��� � � "� �� �� $�� � �� � �� ��� � � "� �� �� �

� ��� �� % � �� � � � � �� �� � � ��� � � $�� � �� � ""�� � �� % � ��� ��� � � "� �� �� *�� � � � % $�� � � � � � ��� ��� � � "� �� �� �� ��� � ��� � � ��% � � � �

� � � �� � �� � � � �� � �� ""��� � � "� �� �� ��� �
 � �% � �� ��� � "� � �� � �� �� ��� � �� � � ���� � � "� �� �� *�= �� � ��� "�� �� � ��� � � �� � � � �� � �

�� � � � ��
 � �% � �� �� � � �� � � �� � � � �� "� � �� � � � �� � � � � � � �� ""% �� � �"��� � � �� � � �� �� � *�



HVDC 2006 CONGRESS�
� ������� � ���! " ��������
���" ����������	�# $ $ �% ����

 

2006-04-27 07:42 06TS0094 Page 7 of 8 

��& �,/ - �� & 6 / ( ��

� � � �� �� �� �� � � % �� ���� �� � ��� � % � ��� �� ��� � � � ��� � �� � � � � ��� ��� �� � *�= � � �� ���� � ��� � �� "�� �� � ��� � ��� �� �� � � � �� � ��� �

1 �� *�A *�� � � �� ���� �� � ��#23� � "� � �� �� � � � �� �� �� � � � "� �� "% �� � � � �� �� � $��� �� �� �� �0 � ��� � ��� �� �� � ��� � �� � �� � � � ��� � �

� �� � � � �� � � ��� � � �� � 6 �� �0 � ��� � ��� "�� � �"��% *�

�

1 �� � �� �A *�> � % � � ���� ��� � � � � ��� ��� �� � �

� � � �� � � �� ��. � � � �� � "� �� � "� � � �� �� � � �� �� � �% �� � � � � � ��� � "� � �� � ""�� � � �� � �� ��� �� �� �� � ���� � � �"% �� �� � � ��� � � � � �

� ��"�0 � ��� � ��� � �� ��� � � � � �� � �� ��� �� �� � � � "� �� � "� � �� � � �� � *�( � �� � � ��� � � � �� � � � � $��� � �� �� � �� � $�� �� � "� �� � � � � �

� � � � � ��� ����� � � �� �� � �� �� �� ��� �� � � � � *�( ""�	 
 
 � � 
 � �� �� ��� � �� � � �� � � � �� �� � ��� � � "� �� �� �� �� �� � � � � � ��� �

�� � � "� �� �� $�� �� �� � �� � ��� � � "� �� ��"� � � �� �� ��� � � � ��#
 �� $��� � ��� �""�� � �� � ���� �� � ��� � � � ��� �� � ""� �� � �� �� � � �

�/ - �� ( �,/ - ��

	 
 
 �� � �7 � 
 � ��� �� � � � � � �� � ""% �� ���� � ��� � ��� ��� � "� �� � � � ����� � � � �� � �� � $�� 
 
 
 ��  $�� � � ��"� � � �� �� �� � � � � $�

2
 
 
 328 
 
 �� � *� ��� ��� � �� �� � � � ��� 6 � � ��� � � � �� ��7 � 
 � �� � �� �� � � � � �� � � � $������ �� � � � �� "� ��� �� � � �� � �� � �7 � 
 � �

� % � �� � ��� ��	 
 
 �� � �� ��� ��� � � � � � � "� �� ��� ��� ��� �, H 
 �� % �� � �� � �� � �"� �� � �� "� � � � ��� � ��� � � � �� � � � �� � � � ��� ��"� � � ��

� � "�� � � � *� ��� �� �� � � ��� � � � �� ��� � �� � � �� �� � � ��� ��� � �� �� �� ���� � �� � � ��� "�� � � �� �� �� � ��� � �� � � �� � 6 �"�� �% �

� % � �� � � $��� � ��� "�� � �"��% �� � � �� � � �"� � �"��% �� �""�� � �� � �� � � � �� � $�� ��� � � � �� � ��� ���� � � $��� ��� � � � � ��� �� �� ��"� � � ��

� � "�� � � *�



HVDC 2006 CONGRESS�
� ������� � ���! " ��������
���" ����������	�# $ $ �% ����

 

2006-04-27 07:42 06TS0094 Page 8 of 8 

+ ,+ � ,/ 1 . & 
�6 �

�D#E� 7 � 
 � �� � � � � ��� ��' �� ��� � � ��� ��� � "�� � � � �( � � � � �� 
 
 �� � $�+ < , &�+ > 3A 	 B 2$�< �� 4� � ��2##8 3� $�1 �� � "��� � � ���
1 � � �� � �% �#B 	 8 �

D2E� 7 � 
 � �� � � � � ��� ��' �� ��� � � ��� ��� � "�� � � � �( � � � � �I � 
 
 �� � $�� �� �J � � �� �� � �; �� � � �#� *A 2$�
 � � � � � � ��
2
 
 2�

DA E� G� � �; K �� � ��$�( "� � ���L � � �� $�� � ��� �� ��� M �� � � �� ��� � � �> � �� � � "���� � � � � � $�9�+ "� � ���� � "�1 �� "� �
 �� ���� � ��� � ��� �
� �� � � �� �� � ��= �":$�&+ + + �� �� � � � � ��� � � �� � �+ "� � ���� � "�&� � � "� ��� � $�� � "2F �@ � *�A $�L � � � �#B B 2�

D� E�  *�> � � � � $�
 *� � $�9
 �� � � � �� � �� � �� � �� � � ���� � � "� ��� � ��� ��I 	 
 
 �� � ���� � � � �� � �� � :$�� &; , N �' � �A A �
� � ""� . � �� � $�2*B $�@ � � �
 � "� �$�' � � �*�#��� �2$�#B B A �

D8 E� 
 *� � $�, *�7 � ���� � � $�G�O � ��M � $�:&� � � � ��� � ��� � � �� � ��� � �� � �� � � ���� � � "� ��� � �� ��I 	 
 
 �� � �
 � �
��� � � � �� � �� � �� % � �� � � :$�< �� � � � � �� � � �� ���� � ��� �� �� � ��� � � "�� � � �� �� � � � �� � �< � � � ��' % � �� � �� � � � � � "� � % $�
) � �4�� � $�� � �� � $�� � "*�2$�� � F F #3F F � $�= � �*�#	 32#$�#B B � �

D� E� 
 *� � $�, *�7 � ���� � � $�G*�O � ��M � $�9� � � �� � ��� �� � � � � �� ��� �� ��� � �� � � ���� � � "� �� �� ��� �� � � � � � ��� �� �� � � � ��

 � �� � "�� � � :$�B �� �&' 7 $�� � � � ��A 2A F $�; �� 0 $�( � � ���� $�( � � � � ��2	 3�' � � �� � � � ��#$�#B B 8 �

DF E� 
 *� � $�, *�7 � ���� � � $�G*�O � ��M � $�) *�( "� � �� � $�' �@ � �� $�9� � � �� � ��� �� � � � � �� ��� �� ��� � �� � � ���� � � "� �� �� ��� ��
G7 � 
 � �� � � "�� � ��� � � :�#
 �� �&' 7 $�( � � � � ��28 32B $�#B B F $�� � � ��� � "$�� � � � � � *�

D	 E�  *�> � � � � $�) *�( "� � �� � �9+ 6 �� �� � "��"� � � � � � ���� �7 � 
 � �� �� ��� � � :�� &; , N �' � �A A *B #��� � ""*!�& 
 $�#B B #�

DB E� ) *�( "� � �� � $�G*�O � ��M � $�
 *� � $�9= � � �� ��� � � "�� 6 � � ��� � � � � �� ���� � � "� �� �� ��� �7 � 
 � �� � � � � ��� ��� �� ��� � � :�
< �� � � � � �� � � �� ���� � �� "� � � � �� �� � ��� � � "�� � � � ��� % � �� � � �� � � �� �� � � � $�@ < ' � 32
 
 
 $�) � � � � "� �� $�&� � �� �

D#
 E� G*�O � ��M � $�) *�( "� � �� � $�
 * � $�:= � �� � � ���� � � "� ��� � �� � � �� � ��� ���� � �� � �� � �; � �� � � 3� � � � � 0 � � � �I 8 
 
 �
� � �7 � 
 � �< �� 4� � �:$�< �� � � � � �� � � �� ���� � ��� �� �� � ��� � � "�� � � �� �� � � � �� � �< � � � ��' % � �� � � � � � � � $�� � �� � $��
' � � *A 38 $�2
 
 #*�

D##E� P *
 *�> �� � � $�' * *� � � � $�Q *R *�' � $�:+ 6 � � ��� � � � �� ��� �� � � � � � ��� �7 � 
 � �� � � �7 � ( � ��� � � "� �� �� ��� �
� � �� � -���� � �� � � �� � ��� �� � � �� ��� � :�< �� � � � � �� � �� ��2
 
 A � � �"� �� � � �� �� � � � �� � �&� � � "� �� �� $�� ��� � �� �� �� � � �
) � � � �� � � $�� � #8 322��

D#2E� 1 *�1 � � � $�9= � � �� ��� � � "�� 6 � � ��� � � � �� � �7 � 
 � �� � � �7 � ( � ��� � � "� �� �� �� ��' % "� � ��� � � � � ��� ��' �� ��� � :�
� � � �� �� � � � �, � � � �� �� ���� � �2
 
 2�&+ + + �&� �� �� � ��� � � "�' % � � � � �� � �� � �+ "� � ���� � "�&� � � "� ��� � $�) � � �� � $�� ( �
G' ( $�( � ��"�F 3#
 $�2
 
 2�

D#A E� 
 *� � $�Q *R *�' � $�9� � � �� � ��� � ��� � ��� � �� ��� � �� � � � �
 � �� � � �( � �� � ""� ��� � �"� � � "� -��� � �� � �� � � �
� �� � � � � ":�#
 �� �&' 7 $�( � � � � ��28 32B $�#B B F $�� � � ��� � "$�� � � � � � *�

D#� E� Q *R *�' � $� *� *�� � $�
 *� � $�G*�O � ��M � $�; *�S � �"� � � � $�9� � � � � �� � � � ��� ��� ��� �� � ""� ��� � �� � � � ���% �
� � � � ��
 � �� � "�� � � �� % �� � � � � �� ��� �� � ��� � "� ��� � ��� �� ��� � :�#� �� �&' 7 $�( � � � � ��28 32B $�2
 
 8 $�) � �4�� � $�� � �� � �


