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A harmonic-based approach for open-neutral fault detection in low voltage systems

YONG Jing, ZHOU Hao
(State Key Laboratory of Power Transmission Equipment & System Security and New Technology (Chongqing University),
Chongging 400030, China)

Abstract: In low-voltage distribution system 3rd harmonic current content is big enough. It is a common characteristics. Through
analyzing the characteristics of harmonic, a new open-neutral fault detection approach is proposed that monitoring device can be
simply installed at feeder head. Main idea of the proposed approach is that the fault can be identified according to the 3rd harmonic
variation measured at the feeder head. Simulation and experimental analysis shows that the 3rd harmonic current will show varying
degrees of change at the feeder head when open neutral fault occurs, regardless of the load is balanced or unbalanced. The fault
location is closer to feeder head indicates that the 3rd harmonic current change is more significant. This paper researches and analyzes
the 3rd harmonic and fundamental currents sudden change method at feeder head when open-neutral fault happened, as well as 3rd
harmonic and fundamental currents of load fluctuation method during normal operation. It obtains fault criterion and fault
identification processes that can effectively distinguish between open-neutral fault and normal operation. The experimentally
measured load fluctuation data for simulation study verifies the fault detection criterion is validity to open-neutral fault whenever in
balanced and unbalanced load conditions.
This work is supported by National Natural Science Foundation of China (No. 51077138).
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Fig. 1 3rd harmonic changes with open-neutral fault
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Fig. 3 Measured fundamental and 3rd harmonic current pairs
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Table 1 Phase angle differences (d¢) of fundamental

voltages between the head and terminal of feeders
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Table 2 Normal load fluctuations range (every 10 s a data)
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Table 3 Normal load fluctuations range (every 1 min a data)
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Table 4 |A;%)] variation with the fault location and time

interval (evenly distributed loads)

|A]3%|/(|A]3%|/ AL .faull%)

T
E D ¢ B A

EM  20.0/(0.99) 39.8/0.99)  60.0/(1.0)  80.0(1.0)  100/(1.0)
MO  20.0/(0.98)  39.7/0.99)  59.9/0.99)  80.0/(1.0)  100/(1.0)
NN 20.0/098) 39.7/0.99)  60.0/(0.99)  79.941.0)  100/(1.0)
AF  20.0/(0.99) 39.8/(0.99)  59.8/(1.0)  80.0(1.0)  100/(1.0)
EV  19.6/(0.98)  39.5/(0.99)  59.6/(0.99)  79.6/(1.0)  100/(1.0)
NI 19.6/(0.98) 39.4/(0.99)  59.4/(0.99) 79.6/(0.99)  100/(1.0)
ON  19.8/(0.99)  39.7/(1.0)  59.841.0)  79.8/(1.0)  100/(1.0)
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Table 5 |A;%)| variation with the fault location (randomly

distributed loads)
[AL%|/ (|ALY|/ A T gauti%)

! E D C B A

EM | 14.1008) | 41.8(0.83)  70.2(1.06) 82.3(1.07)  100(1.0)
MO | 12.3(0.64) | 41.1(1.01)  61.4(1.15)  78.7(1.14)  100(1.0)
NN | 13.40077) | 42.800.84)  72.50098)  87.2(1.04)  100(1.0)
AF  21.6(0.83) 43.5(00.81)  74.5(1.00) 87.1(1.02)  100(1.0)
EV  18.2(0.66) 45.5(0.86)  74.2(1.15)  87.6(1.07)  100(1.0)
NI 26.8(0.76) 44.4(0.83)  60.34(0.77)  79.0(0.90)  100(1.0)
ON  28.0(1.13) 43.51.06)  7L.1(1.11)  81.9(1.13)  100(1.0)
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Table 6 |AL| variation with the length of feeder and fault

location (randomly distributed loads)

[ AL /A
K /m
E D C B A
150, 5 2.87 7.13 11.84 13.87 15.82
200, 10 2.79 7.03 11.73 13.75 15.69
250,20 2.74 6.95 11.64 13.65 15.58
300, 30 2.7 6.89 11.56 13.56 15.48
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Table 7 |AI;%land K variation with the fault location and time interval (6=25%)

|AL%|(%)/K (B=25%)

C

B

A

36.6/-0.96(78.3/4.25)
56.7/-1.06(61.9/1.85)
81.3/-1.50(52.9/6.71)
42.4/-1.36(60.9/2.59)
87.8/-1.71(53.4/9.70)
43.8/-1.59(63.9/9.21)
43.2/-1.37(51.6/9.27)

48.7/-0.95(95.3/-3.87)
73.9/-1.04(81.8/1.83)
97.5/-1.35(70.4/6.67)
56.2/-1.35(77.4/2.47)
80.1/-1.17(71.3/9.71)
57.8/-1.57(82.7/9.0)
57.1/-0.76(68.8/9.12)

60.8/-0.95(69.6/2.26)
90.4/-1.01(97.0/1.72)
84.9/-0.94(87.5/6.69)
69.7/-1.34(81.1/2.07)
50.9/-0.60(89.1/9.70)
70.6/-1.54(84.5/7.34)
72.6/-0.35(85.6/9.23)

# 8 NRIMPELIE ST TIAL%S K (8=50%)

Table 8 |A;%]and K variation with the fault location and time interval (6=50%)

|AL%|(%)/K (B=50%)

C

B

A

T

E D
EM 12.2/-0.95(26.1/4.24) 24.3/-0.94(52.3/4.25)
MO 18.8/-1.05(21.5/1.92) 37.5/-1.05(41.2/1.85)
NN 28.7/-1.58(17.7/6.72) 56.4/-1.56(35.3/6.71)
AF 14.1/-1.36(20.6/2.63) 28.6/-1.37(41.4/2.63)
EV 29.7/-1.73(17.8/9.70) 59.1/-1.72(35.6/9.70)
NI 14.8/-1.61(21.6/9.43) 29.4/-1.60(43.0/9.33)
ON 15.5/-1.74(17.2/9.27) 30.5/-1.68(34.4/9.28)
T

E D
EM 17.2/-0.56(18.7/2.31) 33.4/-0.56(37.0/2.28)
MO 10.6/-0.44(27.9/2.00) 20.3/-0.42(54.8/1.95)
NN 16.2/-0.76(20.5/2.88) 32.9/-0.77(41.7/2.92)
AF 16.5/-0.59(18.5/5.48) 46.25/-0.82(37.1/5.53)
EV 11.5/-0.58(19.9/2.18) 21.7/-0.55(39.5/2.17)
NI 9.4/-0.59(26.5/1.79) 18.4/-0.58(52.0/1.72)
ON 14.2/-1.02(20.2/2.37) 27.8/-1.00(40.4/2.37)

50.1/-0.55(55.3/2.28)
30.4/-0.42(80.33/1.95)
49.0/-0.77(61.8/2.93)
61.9/-0.73(55.75/5.50)
33.0/-0.55(58.9/2.16)
27.4/-0.57(75.3/1.69)
40.0/-0.96(60.2/2.35)

66.7/-0.55(73.7/12.27)
40.7/-0.42(91.4/1.67)
64.4/-0.75(82.0/2.91)
60.87/-0.54(73.7/5.47)
41.9/-0.53(74.5/2.05)
36.3/-0.56(82.8/1.40)
50.3/-0.90(79.0/2.30)

83.5/-0.55(92.0/2.27)
51.0/-0.42(65.8/0.96)
78.6/-0.73(0.91/2.58)
44.7/-0.32(88.6/5.27)
52.8/-0.53(93.7/2.06)
45.0/-0.56(63/-0.85)
57.4/-0.82(86.7/2.03)
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Table 9 Phase voltages in open-neutral fault conditions

: B=25% B=50%
Vims.ight! Vims.heavy (V) Vims.ight! Vims.heavy (V)
EM 253.6/223.8 277.2/218.3
MO 250.5/217.5 279.8/216.0
NN 254.4/223.5 270.4/216.9
AF 260.1/217.4 279.0/222.6
EV 255.0/224.6 278.1/213.8
NI 260.1/222.1 279.1/212.3
ON 256.5/223.8 278.9/213.0
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