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Characteristics of Neutral Point Loci on Line Voltages to Hull
When Insulation Resistance Collapses by Earthing Faults at 3

Phase Power Distribution Systems Onboard Vessels
Soon-Man Choit
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Abstract: Ungrounded power systems are adopted onboard vessels which enable more stabilized power
supply even in case of electric leakage to hull. If earthing faults happen at these systems, they make
grounding impedances of power lines unbalanced each other on the three phases, resulting in high voltages
to hull which can bring more possibilities of electric shocks and electric fires. This study focuses on how
to configure a calculation module for transferring a grounded condition by lowered insulation resistance into
a vector diagram of the voltages to hull. By using the module, the loci of neutral points were acquired to
analyze how voltages to hull are affected by earthing faults and the distributed capacitances between power
lines and hull. The suggested module was simulated and compared to the measured values from a test
power system in good results.

Key words: Voltage to ground, Ungrounded power system, Impedance to ground, distributed capacitance

A Apolol stk AR B ol
I AETE Astd wHA Az A
I

Z7kstel g 9@ %A BYOE <

g FA A EI Loldt: AAL =g ¢ ATl AXY5-6]. 53] AR M A}
[1-4]. 28y A wge) Age s Axe ma oo EAss BExFAELFS hAAge] &4
HAZ 7F 34 Ox gz BgEoz Aze @ 54 AA &L ¥ vAEE A

-+
=
2
2
=
s
rs
=
o
&
>
L8
3
e
El

£+, E-mail: mindmind@chol.com, Tel: 051-620-5850)

S=tuld XU o] g eks) x] A35W A8E, 2011. 11 / 1117



]

)
A=

]

o X

e

e PEANEFE =

S|
arl

3l

5

144
549

Vv, Vv 371

Vv,

Moo g — 2 7
1rL “ 2]6 ‘WE m\w = -
o B VH N R Wo
E FowoToA & =
g ) ol B o, = - B
& E o %, N o ) w
= g o= X = W
= %o o|J «3
= o i} R - o
= < ™ = N
3] e . vl Rt N . — o
= = LI AR N NN e N
Q 72} 0 R
o 1) = W % 1 w
G o —
g ] pall qﬁ ny & X
= R T O - T L S
— o st 0
W . oo g = AV sz o
(2] [d o [g\] -~ Tn HW
~ g ¥~ bW o dlo
- £ N~ &) . B
- &0 B e A | 9 &
© = EN o g Mﬂ N ap
9 5 ol o "o —
> —
E o R B2 & 58 < %
TRTR o )
« BT K o= E R
s ol N T > & -
®OE o) 5 ool W T N My T2 W T W AR mﬁﬂd»&ﬁ.ﬂﬂmﬂ
o W F %) oo X n: g iy 7 5 @ &R
P TEERINSETELEata SRR RE
) N I I Ty A mo o E
FE o o Moo gy X OE T T Lo o P g %o s &
T Oom o) W OAR X — Mooy _ T o T X T o R LT
RN T E b @2 W o op o owe M 2w > ) WS N T
. i £ Mo = o ® < 2ol TS &
dl T 5 _E — TR W ﬁl - < = - oF N R
v iy N T T oWy oo Mo E 0 o B OB 2
Y o B F oy T TR o X = o < [N -
adh S oo = B ore E do — = = B o) (SR
o F nl o o moa BT o %o mo B oo omm % ol | JJM 5 . _ W =
BB oo mp ML T W o .53 T &y
- I O i R BRCI TR S b\ — T o =~ S
° o o Ko X oor . 3 o = M ol = =) R X
nm_l ﬂ ,Cl = o \WL - .Nro \._mﬂ_ il ﬁ JI ‘Ewc b mﬁ O_ ﬂ Ol_“_ :.L H_W _!L X C ﬂwo ‘%
o o o X EIT K = o judt
© o eﬁuwmﬁaoTﬂ_.3M|1mﬂW ot]ﬁeaudu u_l__nuLnMLW,m,mukozﬂn
5 oF 3 o L o— = - = ) | o0 & v ol ™ % X Ko W
I B U G T e %W 4 =m & TEE T o do X%
o o Hl — G o @ ® X Zn T
SR o U I A | = o A S " Ko
%o ® TETMN_ M EEIRwE T g w ooy & Mo =g
2T YR ET RO T olg @  wwe D F S Towmow P g
U s = . o| Rl <0 o
iﬁuWWE_ﬁl%E%aﬁﬂxdr.ﬂ_mz,_mo%ﬁa% S s B
DT T T UM R D BRI n R e O s Vg
BOaWm T WM RS %P m R M R a0 AR RT T

@
3)

A AAAx 2, Lo, Ly

]
21 (2), 3), (4)7F Pt

°
pal

o <)
L+ PR C

s

Ry (1—jwR,C)

kel

A HAA
Zp=

L
T

11

, 2011.

el

I8

% jRa jSa
4

1

X
A A

T

129 A
Figure 29 NZoA noZ o]

)

1118 / F=mp Ao g 3k3] A4 135

HAZ sl =

3|
=]



Auk PARZS ATl B2 ARG FHAY ol FAR B4 145

Vpoldh s st 247 298 Voye
2l (5)° #AE Zteth
VR = VRH + Vn,]\’
VS = VS’H, + V?IN (5)
VT = VTn + va

T, oAAYE HAGAE 2 A ARF

5
FolERE 2 (6)°] HL

V[r‘,n = jHZR
Ve =1sZg ©)

of7|el A 74 MZEEEH
AAR) FAAF Iy, Ig, I £ A (D 20
e 09]

Ip+Ig+1;=0 @)
Fofok ght,

ARRH A (5)0F A (D WE 4 (®)
o] QojAln.

VH — Vru\' + I-/S — Vn}\’ + I./7" — Vn}\’
7, 7. 7,

=0
(®)
T 2 QRFH V, < HAE e Axgs
4 (9)°l .

ZpZgVy+ 22, Vp + 2,02, Vg
Zplo+ ZgZp + 22,

VnN =

©)

23 V,yo =24 A%

2 (2), (3), @9 T2 22 2 (9] Y3t

o 4 (e BAPFE VEIE 4 99 #
2 BaAF o), f 3 BA

=3 2
A UeEZE da#Ae] HFSAER g2l
a, 13 oy, By o FEES At o] F o
Foizl gl dal oy, B3 ay, fyo FAH

o] FHAH C]ZHEH TV, Vo e el &
Atk A (2), 3), @ A HEFE EILAF o,
Br, oy, By TEE 2 (11), (12), (13), (14)9} 7o)
=g

&y = Ryskpsky + Ropkgrhy + Rpgkpgks (11)

131 =~k {Rys Ry sk + Ry Ry, rkp + Ry Ry, sk}
(12)

Q= 2Rk pky — Rpg {kps + \/gkanR Y
_RRS {kRS _\/gk]RR+S }kr (13)

B

:Bz =k {=2R Ry, rky + Ry (R _kikm ey
1
NE)
+ RRS (RR+S +k7kRS - \/EklRIHS )kr }
1
(14)

o, o 7]el A
ki =aC k,=0’C?,
Rys :RRRS, Ry = RSRT, Ry = RTRR,

ke =1+k,R. . kg =1+kR®  k, =1+ kR,

ks =1=k,Rys  kp =1-kRg  kpy =1-k,Ry,

o]t
e Ve 8 VyE Ba@se azvy

S=tul dx Uo] g eks) x] A35¢W A8E, 2011. 11 / 1119



146 3¢

2 (15), (16)¢F 23 2 (17)e A #4E 2 9k B A Fot HFRoMe JAEE
RASEIAC HAAG A A AN BFe] oL EA
S doem N A2 FdeddAe 44 9
v = Vi (@0 ¥ fify) a5y AN Vv, Vov, Vi 328 el el 2 4
oA hAAGS JeRH T 34 220[V] AES T
Vo _ Vel (08, — afBy) 16) 2 g we A9 & AAYg AN Ve 127[V]
= ‘
S Z FolHt REAAEF CF 0l[pFlez A
¢ v =tan"! a8 — ayB (17 At om dAAEgFL 7 AollA BT 1.0[M2]
a0y + 5y o) FolW ¥ HAAY R0 A&HOR Pa
1 , A7 el V,, AFelth qr)oN t2Ea A
o A = O A
3. dtizEel 78 239 £ES AEY 279 WEL e,
AZNAM n BAE AE dd T T
RR — = o, By 3 AHE YeEld ol o] AS 34 dAXNY
Rs ——= F2 daz, By F3 T . .
ip— ' e 2R Wl <Vl < [Vl® 2A7 €
Line il
Drawer [ Vsn
3| By — Vin
! F1 Ing (= |¥pl)
Cd ——| (Vector 15
Lines) :
F4 il
& Re(Vow) : s 1 |
Img(Vo) L s i W e Bt s
e . - S —
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