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Calculation and analysis of sheath induced voltage for multi-circuit single-core
power cable lines in parallel
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Abstract: For the study of sheath induced voltage of multi-circuit single-core power cable lines in parallel influencing on
cable operation security and personal safety, a new algorithm suitable for sheath induced voltage of multi-circuit
single-core power cable lines in parallel is proposed. Based on the electromagnetic coupling principle, by modeling and
calculating, every cable line’s current distributed from the load current is gained firstly, then based on the results of
current distribution, the calculation of sheath open induced voltage and maximum induced voltage along the sheath for
every sheath grounding method are derived. With double-circuit cable lines in parallel as example, the new algorithm and
the algorithm existed in the literature are both applied to several typical phase sequence arrangement methods, and the
two theoretical calculation results are both calculated by programming, then the results of digital simulation for reference,
the error size of the two theoretical calculation are compared and analyzed, proving the correctness of the new algorithm.
By analyzing the influence of several factors on the sheath induced voltage the followings are found: relative to the single
cable, the sheath induced voltage of multi-circuit single-core power cable lines in parallel may increase a lot, choosing the
cross grounding method and the triangle disposition phase sequence arrangement can significantly reduce sheath induced
voltage of multi-circuit single-core power cable lines in parallel.
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Fig. 1 Diagram of any two cable circuit
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Fig. 2 Diagram of metal sheath cross grounding
when three parts length equal
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Table 1 Calculated data and simulation data for sheath open induced voltage when sheath cross grounding

HEF 2w Hdm & X Uawi Upwi Ucwi Uaw2 Ubw2 Uewz
IEERiEAY 322 354 34.5 32.6 32.1 34.7
B ) sV 102.8 102.8 102.8 102.8 102.8 102.8
=K .
P NTRCREAY 322 322 322 358 35.8 35.8
ABCabc .
DUH IR 7% 219.2 190.4 197.9 215.3 220.2 196.2
KA IR ZE Y 0 -9.0 -6.6 9.8 115 3.1
IEERiEAY 374 39.8 41.1 374 39.8 41
. sV 40.4 40.4 40.4 40.4 404 404
AR .
P NTRCREAY 40.4 40.4 40.4 40.4 40.4 40.4
ABCabc .
AR TE Yo 8.0 1.5 -1.7 8.0 1.5 -14
AR ZE Y 8.0 1.5 -1.7 8.0 1.5 -14
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Table 2 Calculated data and simulation data for sheath open induced voltage when sheath two point direct grounding

HEF 2 Hdm & X Uawi Upwi Ucwi Uaw2 Ubw2 Uewz
IEERIEAY 128.9 110.0 105.3 105.6 108.2 130.9
B ) Bt sV 178.2 116.2 81.0 81.0 116.2 1782
=K .
KAV 130.3 107.0 103.8 102.8 108.9 129.2
ABCabc .
AR TE Yo 382 5.6 -23.0 -23.3 7.3 36.1
AAEIRZE Y 1.1 -2.7 -14 -2.7 0.7 -1.3
IEERiEAY 154.6 115.6 155.9 154.6 115.7 155.9
. Bt sV 154.2 114.8 154.2 154.2 114.8 154.2
AR .
KAV 154.1 114.6 154.1 154.1 114.6 154.1
ABCabc .
AR TE Yo -0.3 -0.7 -1.1 -0.2 -0.8 -1.1
AAEIRZE Y -0.3 -0.9 -12 -0.3 -0.1 -12
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Table 3 Calculated data and simulation data for sheath open induced voltage when sheath one point direct grounding

HEF 2 Hdm & X Uawi Upwi Ucwi Uaw2 Ubn2 Uewz
IEERiEAY 67.4 56.6 542 53.8 559 68.6
B ) Lok SAE/V 89.1 58.1 405 405 58.1 89.1
AR .
KAV 65.1 53.5 51.9 514 54.4 64.6
ABCabc
WUE R ZE % 322 2.6 -25.2 -24.7 3.9 29.8
AR ZE Y% -34 -54 -42 -4.4 -2.6 -5.8
IEERiEAY 78.9 59.6 80.4 78.9 59.6 80.3
WA EAE/V 77.1 574 77.1 77.1 574 77.1
S .
KAV 77.0 57.3 77.0 77.0 573 77.0
ABCabc
WUME R ZE % 22 -3.6 -4.0 22 -3.6 -39
AR ZE Y% 24 -38 -42 -24 -3.8 -4.1
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Table 4 Sheath open voltage and maximum voltage along the sheath for different factors
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