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Summary: The electric high speed railway loads supplied by the three phase power system
represent one of the main sources of voltage unbalance perturbation in the grid. The power
system configuration and the load conditions influence the degree of this power quality
perturbation. The present paper deals with the problems raised by the practical determination of
the voltage unbalance factor in conformity with the European and IEEE standards. The procedure
for identifying a vulnerability area in which the voltage unbalance presents values that exceed
the standard limits is elaborated and comparison on the use of the two mentioned set of standards
is performed. A case study referred to the 63 buses CIGRE network analyzed in the paper gives
rise to interesting comments and discussion.
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Voltage unbalance factor [%]Bus number

uu �u

bus 33 1.28 1.26

bus 35 1.27 1.25

bus 3 1.2 1.17

bus 335 1.14 1.08

bus 555 0.84 0.82

bus 56 0.58 0.57

bus 5 0.57 0.56

bus 1 0.42 0.42

bus 4 0.16 0.17
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Voltage unbalance factor [%]Bus number

uu �u

bus 995 1.38 �����

bus 335 0.3 ����	

bus 95 0.26 ����	

bus 9 0.24 0.229

bus 555 0.23  ����	

bus 35 0.21  ���
�

bus 3 0.19  ������

bus 5 ���� 0.165
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Voltage unbalance factor [%]Bus number

uu �u

bus 555 1.72 1.708

 bus 335 1.18 1.172

 bus 995 1.05 1.048

bus 5 1.02 1.014

bus 35 0.83 0.823

bus 3 0.78 0.776

bus 95 0.41 0.404

bus 66 0.28 0.277

Voltage unbalance factor [%]Bus number

uu �u

bus 995 4.25 ��
�

 bus 555 2.05 ����

 bus 335 1.8 ����	

 bus 5 1.42  1.388

bus 35 ���	 1.237
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 ���� 1.155


���� ���� 1.165


���� ���� 0.424


���		 ��� 0.382
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