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Abstract [ Objective] To enhance the intercity commuting
capacity, newly built city rapid transit lines adopt a 27.5 kV
AC (alternating current) traction power supply system, enab-
ling higher operating speed. While improving train transport

capacity, AC traction power supply also increases external
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leakage currents, resulting in excessive ground return currents.
Therefore, it is necessary to conduct an in-depth research on
ground return current composition in metro line main substa-
tions using AC power supply system. [ Method] Focusing on
a city rapid rail transit line in Guangzhou that adopts AC trac-
tion power supply system, the composition and ground return
path of current return system at the traction substations that
supply power to both stations and depots is studied. To deter-
mine the proportion of ground return current within the total re-
turn current, tests on return current are conducted during the
joint commissioning and testing phase before the line opened.
The return current of traction substation is tested, the wiring
layouts are investigated on-site, and current measurements of
the copper-clad steel grounding body are performed. On this
basis, tests on earth soil return currents are conducted, and im-
provement measures for ground return are proposed. [ Result
& Conclusion] The primary reason for excessive ground return
current at the main substation is the presence of return current
through copper-clad steel structures. In addition to the known
station and depot cable returns and earth soil returns, there ex-
ists an additional return path through cable trench supports, ac-
counting for more than 25% of the traction current flowing
back to the traction substation grounding grid via this path,
thereby leading to larger results from ground return current
measurements. After implementing the proposed improvement
measures, the proportion of current returning through earth soil
decreased to approximately 30% of the total return current,
achieving an excellent level of ground return quality.
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Fig.1 Simplified diagram of return and grounding systems
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Fig.2 Proportion of ground return current in total

return current
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Tab.1 Proportion of ground return current in different

time periods

B R B N i Y A T A 2 8 77 0E
M =4

it/ % oi b/ % i bk %
12:21—12:29 56.61 27.36 16.03
15:34—15:42 55.22 26.00 18.78
18:17—18:25 55.95 26.97 17.08
18:37—18:45 54.12 26.48 19.40
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Fig.3 Main substation grounding grid line
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Tab.2 Average current of copper-clad steel and flat steel

in different time periods

il %ﬂ%’ﬂﬂ?ﬂ] Jﬁ%?ﬂ] E'JFﬂJ
L/ A HLJIL/ A L/ A

12:21—12:29 58.96 43.86 102.82
15:34—15.42 50.45 39.12 89.57
18:17—18:25 54.63 41.64 96.27
18.:37—18 .45 54.96 41.90 96. 86

AN i A S R IR AN R 4 s o A 4
AR A A AR X O 1] 42 O ) L P 9T S P
ALTEBL o

3007

250

< 200F
~N

£ 150

B 100+
50+

0 1(I)0 2(I)O 3(I)O 4(I)0 S(I)O 6(I)0
A /s
B4 B i S A HL
Fig.4 Real-time total current of copper-clad steel and

flat steel
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Fig.5 Waveform comparison of copper-clad steel, flat steel

and ground return current cable current
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Tab.3 Average return current proportion of different

paths
Fuli gy SRS TR SUEEM
BT TS EWEE s ERE
hi bt/ % i b/ % e/ % i bk %
12:21—12:29 27.36 16.04 29.28 27.32
15:34—15.42 26.00 18.79 28.24 26.97
18:17—18:25 26.97 17.08 29.14 26.81
18:37—18:45 26.48 19.40 27.96 26.16
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Fig.6 Proportion of each return current in total return current
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