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Since human errors cannot be excluded, we conclude 
that polarisation should be automatically controlled. This 
requires, however, extended input for the control system, 
including  the  planned  beam  geometry  k,  the  planned 
magnetic  field  vector  B and  the  planned  mode  of  the 
ECRH beam. The automated module then should check 
whether the polarisation defined by k and B is consistent 
with the planned mode.

6 Experimental results

As  another  example  we  show  the  result  of  a  stray 
radiation  measurement  in  AUG  discharge  #30587.  All 
four launchers (ECRH #5-#8, Figure 10) in sector 5 were 
in operation. They injected up to 2.8 MW in X-2 mode 
(Figure 14).  The beam vectors  k were perpendicular  to 
the magnetic field vector B. The stray radiation intensity 
is highest in the launching port itself and reaches values 
up  to  6  W/cm2 (Figure  15).  This  includes  diffraction 
losses  from  the  finite-sized  focussing  and  launching 
mirrors  at  this  end  of  the  transmission  line.  In  any 
adjacent sector, the intensity is less than -10 dB (Figure 
15).  This  indicates  that  even  the  diffuse  and  scattered 
stray radiation can be confined within one sector, and it 
corroborates  the  need  of  a  sufficient  number  of 
measurement channels in different sectors.

Figure  15  shows also  that  the  measurement  results 
from the calibrated Sniffer probe SP9 are essentially the 
same as those from the pick-up D-band waveguide D4. 
The neighbouring  D6 yielded  similar  results.  Both  D4 
and D6 were calibrated, using the power measured by the 
detector diode, divided by the waveguide cross section. 
With respect to this simple operation, the calibration of 
the Sniffer probe needed much more elaboration [11].

Traces of ECRH shine through on the PEEK strips of 
the HS (Figure 8) could be evaluated in February 2014. 
One of the polarisers of ECRH #8 had an angular offset, 
probably  due  to  an  error  in  the  polariser  rotation 
controller. A 5 sec pulse (#30227) with an estimated 30% 
O-Mode content generated visible arcing on the HS. The 
problem  was  identified  in  the  subsequent  discharges, 
where only short pulses of ECRH #8 were applied. On 
the next day, the AUG vessel was vented with air and the 
concerned PEEK was replaced. Figure 16 shows the strip 
that was taken out.

We made  a  calorimetric  estimate  of  the  millimetre 
wave power absorbed by the PEEK foil. The uncertainty 
is large, since neither the time scale on which the damage 
evolved,  nor  the  dielectric  properties  of  PEEK at  140 
GHz are known precisely.  Based on the delay between 
ECRH power and the arcing that was visible in the video 
observation, we assumed that the foil was heated from 
ambient  temperature  to  its  destruction  limit  (343  °C) 
within roughly 100 ms. The heat capacitance per area is 
calculated  from the material  properties  (section  3)  and 
amounts  0.0052  J  K-1 cm-2.  Hence,  we  deduce  the 
absorbed power per area of 17 W cm-2.

If we assume ε' =3 and tan δ = 0.01, based on dielectric 
data at lower frequencies, then this foil absorbs 1.3 % of 
the  millimetre  wave  power.  Accordingly,  the  shine 
through  was  1.3  kW  cm-2.  The  unabsorbed  Gaussian 
beam of ECRH #8 would have had a maximum beam 
intensity of 30 kW cm-2 at this position.

7 Discussion

Although calorimetric analysis of the traces on the PEEK 
strip  has  large  uncertainties,  the  overall  picture  is 
consistent,  if  we  assume  that  the  polarisation  error  is 
responsible  for  the  observations.  Comparing  the 
intensities  involved,  there  are  nearly  three  orders  of 

Figure  12. Left:  various  ECRH  related  damage.  Insulating 
material that absorbs millimetre waves can be carbonized and 
evaporated, as it is shown in the two upper photos on the left. 
Even the shadow of the gap between tiles is visible as a vertical 
black  stripe  on  the  Kapton  foil  (second photo).  A damaged 
cable  is  shown  in  the  lower  photo.  Right:  Part  of  the 
disassembled  heat  shield  with  yellow  tape  markers  for  any 
damage that was found during inspection.

Figure 13. In 2012 a pick-up coil was destroyed by a 2.5 sec 
ECCD pulse,  which  had  an  accidental  O-Mode  polarisation 
and, thus, a shine through at the indicated position.

02010-p.5



������������7�������85�������������������:�#�
�5/<�

������������,����������������������
����(����:#�
�5/<.����

�'4 �7��� � ��� ���)���� � (���� � ������ � �! � >E � ��
� � ����

�������(����������!�����,�����������:!����������!!��
�����

��� � �
��������< � 7��� � ��7�,� � � � ����� � 
��(���� � ���

��������� ��6���� �7��� ������ � ���������� � ��!��
���� ��! ����

%;������. �%�(����� � ������ � �����!��� �� �(�� ��� ����

����(�������
��������
�����!�������(����������������������

����(����������������������.

 �� � 	��!!�� � (���� � ��� � ����� � ���������� � 7�6��

����
���������6��,���(��������������
����!��
������6������

�.�.������������������(���������
�����������,����������������

���������!��
��������
��5�!!.�	��
�������
�����((�����
���,�

����7������
��(�
� �������� � �� ���������� � �����6�������


�6�������!�����(���������!�
��,�����!!�
������������!�

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

�� � ���

��
��
�����7��
������)���������H��������������������.� ���

��(����,��!�����6�
����6����� ������(��,�������(�������

����.�����'4�7���������������������
����(���6��������
����

�����!!�
������������6�
����,��!� ��������
����� ���� ������ ���

����������
��6��,�(����
��������7�!���������.�8�����������

!������������(�
��������
������(�������,������������7���
��

�������������.

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

�������� ��! � ��� � �����. �;��(���� � �� � ��� ��������� ��������

7�����(�����(�������������������(��6����7�����������7�

�6����((��� � ����� � 7��� � �� � ������� � 
������ � 7����

���������. � *�������,� � �� � �� � �6�������� � 7������ � ����


��(�������
���7�������������7�����
�����
�������7����

�� � �������� ����. � ���� � �!!���� � ��
���� � ��������,�

������������ � �! � ��� � ��������� � �� � >3E � 4�� � , � ����

��,�����5���������
�������������6����(.

��.���'��������

 ��� � (��I�
� � ��� � ��
��6�� � !������ � !��� � ��� � %���(����

'����Q� � ������� � /E/E � ������
� � ��� � ����6������

(�������������������������������������D@@E1@.� ���

6��7�������(��������)(�����������������������
�������,�

��!��
���������!�����%���(����;���������.

���������


>. �.�	����������.��%*��#��;��!��	��E/E>>�:/E>/<

/. �.�������������.��P�
�.������������E0@E>@�:/E>><

@. �.�%�
�������'.�4��(�������*������*�,�.�;������.�

�����������>0DB�:>BB3<

3. ".�#�����������.����+�!�������� �����	��/23�:/E>><

1. �. �	
����� � �� � ��.� �%"* �	
���
�� �������	�����

���(9GG�).���.���G>E.>E1>G�����/EE2E/D�:/EE0<

D. %.��.�	,���6�������.� �*������*�,�.�;������.��������

����>>1EE>�:/E>@<

2. ".�#�����������.��+�����+�!������������	���>D@�:/EE1<

0. �.�	
�����������.��%*��#��;��!��	��E/E>@�:/E>/<

B. �.�4������������.���������%���"�����5����B21�:/EE><

>E. ".�	
����5R��
�����(�.���������'��6.�'����+**���(����

���������(9GG���
.�(�.����+"J12B220�:/E>/<

>>. �.�����
���� ���(�. �������� � '����
���� �+**���(����

���������(9GG���
.�(�.����+"JDDB@D>�:/E>@<

������ � �
� �'4�F@E1029 � ��I�
��� �%;�� � ��� �P-+ � (�7��.�

�������������������!���5��(�(������
���������������6��(������.

������ � ��
� �'4� F@E1029 ��������� � %;��� ����, � ���������.�

 �(9�;���������-�������������
����=0�>>?����������������	*1.�

-�����9�;����������������������7����E./�������������6������

!����	*B�:��
�<�����"3�:���<.

���������
� ��
����!��������%;���(�7������*%%N��7��
��

7�� �������� � ����� � ��� � ��(. �  �� � ��
�6���� � (���� � 
�����,�


�������
�����.�+����7��/�����@������������
�������!�6����
�������

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

�������

�� � ��� � 6���� � ����,���� � ���� � 
�����(���� � �� �7���� � ��� �%;���

���������������������������.�	�
�����
�����������)���������7�3� �

7����������6����((�������������7�����������.

EPJ Web of Conferences

02010-p.6


