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A Experimental Study on the Variation Characteristics of the
Phase-to-Ground Voltage according to the Ground Fault in ships
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Abstract An ungrounded system can supply power even though a single line-to-ground fault occurs, and
the ground fault current is very small. In ships, an ungrounded system is mainly adopted for these
advantages. However, when a ground fault occurs, the phase-to-ground voltage of heathy phases rises,
which deteriorates the insulation of the distribution network. If such a single line-to-ground fault is not
taken promptly, it leads to the insulation breakdown of heathy phases, which can be extended to a
short-circuit accident. For this reason, ship engineers should be able to recognize and respond to a
ground fault in an appropriate time. It is necessary to understand the variation characteristics of the
phase-to-ground voltage and the neutral point voltage according to the level of the ground fault.
Therefore, in this study, a distribution network of a ship using 220 [V] is assumed, and cases where the
phase-to-ground capacitance is 2.2[uF] and 8.8[uF] are considered. A simulation was performed using
MATLAB 2016a to determine what affects the phase-to-ground voltage and neutral voltage when single
line-to-ground occurs. Through this, a ship's engineer can do a detailed analysis of the ground fault and
help to cope with it.

Keywords : Ground Fault, Neutral Point Voltage, Ungrounded System, Phase-to-Ground Capacitance,
Phase-to-Ground Voltage
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Fig. 1. The ungrounded system in the ship when
single line-to-ground fault
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Where, a denotes e as a vector operator.

2.2 Mdto] CHRIHQIT S47 Mot HES

R7 = o 008 w3l wet V2 UaolA] A4
wapo s uhel Wejo] AAS uet ol HgHow
Aepgo] go) st e Zo) SIXsHA ek,

Fig. 2% adjol A%l 29 e @ 4 At
aife] A WER e ol

=

Fig. 2. The trajectory for phase-to-ground voltage
and neutral point voltage in accordance with
level of a-phase ground fault
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Fig. 3. The appearance of experiment set and wiring
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Fig. 4. The variation characteristics of phase-to-ground
voltage and neutral point voltage according to
level of a-phase fault

o|A| Fig. 404 HAgA-8Fo] 2.2[F1% BFE ©
ApA|s] A= Stk Fig. 29] dAdl sigsEes 2
R;=696[01¥ o V,=110. 30°[V], V=110. —150°
VI, V=190.5. 120°[V], V,=63.5. 120°[V]o]t}. o]
AN V,=Vpolx, » V=2 V,9& BT 5= 9l
ot ¥HH, eXFS R=464[Q10F V,=96. 40.9°[V],
Vi=127. —1582°[V], V,=209.3. 124.3°[V]°]1,
V,=83.2. 130.9°[VIelct. o]  AFolA  V;=E,
=127[VI7F He S & Utk

AR B B A=K giAdY V9 271
< A& FokAt &A= AAERl ofvIel =gttt A

537

R b R;=1078[Q121 AN Vypin =104.5[V]
2 2ggho] Hi, E o2 AFARI A2 R=15000]
Al AN V., =231.5[VIZ FHgko] HH o] = A
P FHFHOoFE HAFHYRL 220Vl EEFict

theo 2 8.8l A% dAF R=174[010] o
gtk ol V,=110. 30°[V], V,=110. —150°[V],
V,=190.5. 120°[V]e]x,  V,=63.5. 120°[V]e]c}.
2.2[0F1R1 Bt FLsHA o] AFAM V,=V,ol1,
< Vi=e V95 2T 5 Stk eAR2 Ry=1106[0]
o ojuf V,=96. 40.9°[V], V;=127. —158.2°[V],
V,=209.3. 124.3°[V], V,=83.2. 130.9°[V]o|t}. o]
Ao Mz 2.2[F1eF "EIZIZ V= E,=127[V]7} "ok

A ME AL 2.2(F19t FLsIh AL
HAHYG V9] 271 Ald ZolA|eh A= AHQl
OlVIell =gttt E3h, A7 b R,=2700Q1°]
A Vimin=104.5[VIZ F&glo] =11, & oh2 AZAR]
A R=3700101A4 Ve =231.5IVIZ HHiglo] =
], A o] = A% HFHOoE MHYRI 220[VI7H
Hrt.

9] AE AEH E sluo] E4o] et R,
7bd € eXHo sfigdole Xollde dARAEHo
2.2[uF17 8.8[WF10=E A2 tHEXtE 7 4] HiAA
At S Aol SLslthe Aolth ol R, W3l
w2 7 4] dixHY 2 9% A AA wiEo] o
A Qx-87Fo] hEXe SYsHte AL Qulgith ®
o, AP HEgo] & Aol d E eXF9 R7F ¢ &
& 4 Uk
HH, AlEdold ZiE dHolH o= uehd
Table 25 E¥ R:9] Wslo] dis] Vot V, o 932t
7F A&H 02 90°8 FAISHL Qitt. ol oA A
2 ulgl o] V,= B+ V03, OF,2 AS0= ol
Hhle] WS 71A]7] wfioltt.

(]

o

|

=

o Ml

¢

535l Aldke] 34 220[V] wiE AlBolA

o 2 ] AT S4 A
= 1 7214 A Helshe e RSk
o & HolMe dA AJBAE S5 1 2 Eelst
=% 3 Fig. 33 22 AAAA] AAEETS

=2



A7 E S =R A A23E A7E, 2022
2200, 8.8luF1CR Astal, 7o fis) rE WE 43 AIEH 0N S Zde| Hluw- 24
AZIEA T 2t o] iR} S48 Al 271 Flg 63t Fig. 72 A7t diABAEFo] 2.2(uFt
o f1gE =4e L o AgEold % AY AnE FA ehd
Table 2= A974#E &3 A5 at= etk aolt}. AAF oz AlEdoldy} dee AR 2 o]
A AlEElold g I ®7Iste] wlwshy] HEE glo] & dxjsta Q).
St Fig. 29] dd¥t e F2ol sig== A% b
e ARG A (Vi) F 2 dHAAY 2 250
HH(Vimg) 3200 S5 USE SAR shlek £, Lies - Simuioton
Fig. 5% 2.20M%Y W R=2825[019149) 24 & S, ) Ve

Ak} HolM =g vebd Zolch 189 (a)ollA Chl
(1) 102 aifo] AHUZHRMS)O|IL Ch2E E22
2’9 A%, Ch3E E3Z bAel dixAet, Chés
E42 Aol dixzdolct. g, If9] (b)ollAl El,
E2, B3, B4E= 27 aido] A, aAte] tixA1e, bAr
o] fAHS, A RAAYES 9fulgitt.

= Oscilloscope

File View Options Tools Help

& | P&

B Qo e = |l HH

Connected to 9063 #G254913 (Ready)

(a) The instantaneous value of the measured voltages

(=]

Phasor Analyzer

Phasor Anal... R X

Scale 50 W/div

Connected to 9063 #G254913 (Ready)

(b) The phasor diagram of the measured voltages

Fig. 5. The voltage magnitude and phase angle
measured in the experiment set

538

Y

a
o

Magnitude of voltage[V]
5
o

1000 1500 2000 2500

Insulation resistance[]

500 3000

(a) The magnitude of voltages

200
0

1504

100 |

50

-50 [

Angle of voltage[deg]

-100 |

-150

-200

. . 1
1000 1500 2000 2500

Insulation resistance[]

I
500 300¢C

(b) The angle of voltages

Fig. 6. The variation characteristics of phase-to-ground
voltage and neutral point voltage for the
simulation value and experimental value in
the phase-to-ground capacitance of 2.2[uF]

HA] Fig. 6& AHEH AR V= SA%o] A
wrog 37 yehbe 1 Aoli= R=0[0]¢ o &
F 0.1IV], R=29410]1Q W gk o 8[viels a2
+0.3[°] o]Uj9] o]2 Kotk V= A olA 1
39, I Aols Rp=259410] o a2k 1.4V],
=150001 = =gk 2.9[V], {42 +0.5[°101H9] x}

olg EQIth. Vi Aol IA vehta, 1 Aol



Aeolq Aol me fAAY AE S0l e AH A7
Ry=462(01% W) 23k 0.6IV], R,=493(0]Q v HR  theo= i Agol 8.8 Fig. 7S BAR:
2k 23[VIole] 9L 1300 olujz 2A depdek ¥, o ARl Yk 2gko] AitHos 34 tehid

o =

< EA9) 77t A3, 1 Aole R=688[01Y o
F2 0.11V], R=150[01< = HZAgk 0.7[VIelH, 9
2 £0.7[°101H9] ZfolE Kot o]t Alg#olA
I AP Aol= ASeAt d AR 74 Al =4
s e HtgdRe] Yo dad.

R;7} ZH4sto] d 5291 688[Q1°] =W Fig. 20]
A BRI 4 ol V9] $Vd2 1201°17F ol EoF
Vol ZotAaL, R, © FAstaA V9] 9ol £
HeES B A= Ae AT+ A

250

Py Fa¥
250 - N
L
mﬂ 200 S
32— :
200k B
5 & 0 100 200
) a Va Ve
o
= 150 A /
= A
< 4 B S . a
% Q = 1
2 100 4 N 1
= ¢ Vb |
o (?', |
= '%E |
s0f, G . 1
RS vn Markers : Experiment :
EES / Lines : Simulation |
0 L L U . ——1
0 500 1000 1500 2000 2500 3000
Insulation resistance[2]
(a) The magnitude of voltage
200
1504 ve
A A A A / A
L A R N N S
S 50 —u%\! Va Vn
E Vo 4 /
3 ol & - ¥ —_o __
G
2 sof
< Vb
100 | /
150 4

)
<1
S

L L I L
1000 1500 2000 2500

Insulation resistancef?]

I
500 3000

(b) The angle of voltage

Fig. 7. The variation characteristics of phase-to-ground
voltage and neutral point voltage for the
simulation value and experimental value in
the phase-to-ground capacitance of 8.8[uF]

539

1 Aol Rf-166[91°‘ o2&k 0IV], ”p=115[01Y

o ZSgk 0.5[VIelH 92 £0.3[7] o|Hi9] Aol B

/It V= AlgdlolAd ghol A9, 1 Aole R=1074
(0] o =gk 03[Vl Z=133[0]¢ o gk
4.5[V], 9V&2 £3. 11019 Aol& 7M. V= &
Aae] 2717h AnkE o= aw, 1 Aol R=638[0]
4 of 43k 0.3[V], R;=20[Q]%Y W HFHZ 9.6[V], 9
2 AEgrel 2.1 oWz A yEdt V2 53
o] AR o= IA vEhte] 1 Aol £0.6[V] oy

9] x}olE Holx, YL Fd 1.2[°] o|HE AZgho]
FA YERdT)
227 AR HALEFo] 2.2[wF1F 8.8[uF1Q] AL a

A} QDTS 7145 A B o) AT AR Al E k)
O Ay A=z 9 A¥AR|9] vy AdRoz gt
QA ZABIA L A7 2 xjol7} P2 3IEIH

t}. thul, gAY A-&eFo] AA|H o|& QIgt 9349 Xjo

_:

7} tha Zletel, Wik o bae] A AEgt
o] AEeold gt A, e A ek AL ¥

AT = At

5. 28

AefeA= A 359 A5 SEIT FoEY F8
3P7] w2l dubH o HA] AlAHe] HgHn. 1
B A Z1HAE 14 A ASSHA 2AI3H]
dom Aol g2 A% 24 A= eidiE
ek wEbA AEE 7| @A A[=ARALE QIAISHAL &ut
2| tiAf3foF k. o]F HSA A[ZPARAL A SRSk
T 44 Aol WE 54E olsiske Aol Basi.

2 =EolAE Alere] WA Aol sl oA Ee)
I} 244 AYL rdgsiy, AT Jro = v,
o) AHE 3R st 245k olE 7IHhe
2 220[V] AYAS Sl AT 2.200) 2
8.8[ufl22 Astal, MATLABO R Algdolda 4Al
Stof xSt 3 4 Y] ws E42 ERlsalt
1 23 HiAAge] ERte AA, tiAAYT 3494
Z9ke) HE 52 TUd FHIE UERADL SAR Fig.
29] 377t} A ddH edolA Rt o & Al
A ¥ B4 WY Bl BYES AUl

(o) i3 e
ﬁé}?éf =



pil

SHATSly & stsl=R 2] A23d A7E, 2022

gl

Table 2. The experimental and simulation data of V,, ¥, V, and V, according to level of a-phase fault
unit: [V]£°
462
R10] 0 28 57 150 294 (near the 493 531
e—point)
v E 0.1£89.6 9.14£85.8 18.1481.8 44.8269.5 75.74£53.6 96.2240.9 99.1£39.1 101.9£36.9
“'s 0.0£89.9 8.8486.0 17.8481.9 44.4,69.5 74.9253.8 95.82£41.0 98.4£39.1 101.2437.1
v E|217.64-149.7 | 212.7£-151.7 | 206.6£-153.9|184.9£-158.8 | 152.8 £-161.4| 125.4£-158.3 | 121.1£-156.8 | 117.3£-155.5
S1219.94£-150.0 | 215.1£-151.9 [209.4£-153.8|187.8£-158.6|154.3£-161.3|127.24£-158.2 | 123.8 £-157.2 | 120.1£-155.9
v E| 222.1£151.0 | 225.9£149.2 | 228.74146.6 | 232.74139.8 | 226.32131.2 | 210.0£124.8 | 208.92£124.3 | 205.3£123.4
| s| 220.02149.9 | 224.02147.9 | 227.22145.8 | 231.52139.0 | 224.6£130.6 | 209.42124.3 | 206.62123.5 | 203.32122.6
v E| 127.2£179.8 | 127.1£176.0 | 126.3£172.0 | 119.6£159.6 | 102.9£143.9 | 84.0£131.1 | 80.7£129.3 | 77.1£127.2
Cc=2.2 "'s 127.0£179.9 | 126.7£176.0 | 125.7£171.9 | 118.9£159.5 | 102.5£143.8 | 83.3£131.0 | 80.2£129.1 76.6£127.1
[uF] 688
Rf[Q] 604 664 (near the 899 1073 1614 2594 2825
d-point)
v E| 106.34£33.5 109.14£31.1 110.1£30.3 | 116.6£24.1 | 119.3£20.5 | 123.8£14.0 126.248.9 126.248.2
“'s 105.7£33.6 108.6£31.1 109.6£30.2 | 115.9424.0 | 118.9420.5 | 123.2£13.9 125.548.8 125.748.0
V; E|111.9£-152.9 | 108.7£-150.7 |107.94-149.7|103.2£-142.9|102.3£-138.7 | 105.4£-131.1|111.1£-126.7 | 111.1£-125.1
S| 114.64£-153.3 | 111.3£-151.1 [110.3£-150.2{105.3£-143.4104.52£-139.2| 107.0£-131.4 | 112.5£-126.2 | 113.4£-125.5
v E| 198.92122.0 | 193.9£121.1 | 192.62120.9 | 180.22119.1 | 171.8£118.4 | 157.7£117.5 | 146.72117.5 | 145.02£118.3
‘S| 197.2£121.2 | 192.72120.4 | 191.0£120.0 | 178.62118.2 | 171.1£117.5 | 156.72116.9 145.32117.2 | 143.72117.3
v E| 70.9£123.8 66.0£121.3 | 64.1£120.4 | 52.2£114.2 | 45.1£110.6 | 31.1£104.0 20.0£98.1 18.4£98.0
™S 70.32£123.6 65.7£121.1 64.0£120.2 | 51.8£114.0 | 44.52110.5 | 30.6£103.9 19.4298.8 17.84£98.0
115
Ryle] 0 20 38 80 (near the 133 144 166
e-point)
v E 0.14£89.7 25.1£78.6 44.6269.5 79.0£51.3 96.1240.7 101.4£37.0 | 104.3£34.5 108.6£31.0
“'s 0.0£89.9 24.7278.7 44.9269.2 79.14£51.4 95.6£41.1 101.3£37.0 | 104.12£34.9 | 108.6£31.1
v E | 208.2£-148.9 | 193.3£-153.8 |177.4£-156.8|146.3£-158.7 | 124.6£-155.2 | 115.5£-152.9 | 112.4£-151.4 | 108.5£-148.3
S1219.9£-150.0 | 204.4£-155.2 [187.3£-158.7|149.2£-161.1|127.4£-158.3 | 120.0£-155.9| 116.5£-154.3 | 111.3£-151.1
v E | 229.0£152.3 | 238.7£146.0 | 241.5£141.0 | 231.0£130.9 | 216.3£125.5 | 209.6£123.9 | 204.6£122.8 | 198.0£121.4
s 220.0£149.9 | 229.1£144.1 | 231.5£138.9 | 222.42£129.4 | 209.6£124.4 | 203.2£122.6 | 199.5£121.7 | 192.7£120.4
v E| 127.1£179.9 | 124.7£168.8 | 119.4£159.7 | 99.8£141.9 | 83.34£131.2 | 76.9£127.5 | 72.3£125.1 | 65.8£121.5
c-8.8 "' 127.0£179.9 | 124.5£168.7 | 118.84£159.2 | 99.32£141.4 | 83.5£131.1 | 76.5£127.0 | 72.6£124.9 | 65.7£121.1
L) 174
R 101|  (near the 228 269 403 638 1074 1614 2318
d-point)
v E| 109.8£29.7 116.1£23.6 119.1420.3 | 123.4£13.8 125.348.8 126.345.1 127.043.4 127.042.3
% s| 109.92430.0 116.2423.7 118.94£20.4 | 123.2£13.9 125.448.9 126.425.3 126.743.5 126.842.4
V; E | 107.3£-147.2 | 102.5£-140.4 |103.1£-136.9|105.92£-129.5|111.8£-126.1|117.2£-123.6|119.4£-122.1| 121.3£-121.8
S| 110.04-150.0 | 105.2£-143.1 |104.5£-139.1|107.0£-131.5]112.3£-126.3|117.52-123.3|120.52£-122.0| 122.42-121.3
v E| 195.1£120.9 | 182.0£119.4 | 174.2£118.4 | 159.2£117.9 | 145.0£117.4 | 136.6£118.0 | 133.1£118.9 | 130.4£119.2
s 190.5£120.0 | 178.0£118.2 | 171.0£117.5 | 156.7£116.9 | 145.6£117.2 | 137.84117.9 | 134.1£118.4 | 131.9£118.8
v E| 63.54£120.4 51.2£114.1 | 44.42110.8 | 30.6£104.3 19.6£99.2 11.74£95.9 7.7£94.3 5.3£93.6
" S| 63.5£120.0 51.2£113.7 | 44.42£110.4 | 30.7£103.9 19.7£98.9 11.8495.3 7.8493.5 5.5£92.4

E: Experimental measurement value, S: Simulation value
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