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Application of injecting 20 Hz source-based stator ground fault protection
for generators in expanded unit connection
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Abstract: At present, the stator ground fault protection of generator through injecting 20 Hz voltage cannot be used in generators
connected to expansion units due to lack of selectivity. This paper proposes an improved protection scheme to realize the
selectivity. The proposed scheme firstly calculates the ground resistance value of generators to determine whether ground fault
occurs. When the ground fault is detected, the 20 Hz differential current between the neutral and terminal of each generator can be
obtained. The phase relationship between the 20 Hz differential current and injected 20 Hz voltage is derived. The new protection
scheme can determine the fault generator according to the phase relationship, so that it can achieve a selective shutdown. The
simulation results verify the accuracy of calculating the grounding transition resistance and selecting the fault generator, which realizes
the application of the injecting stator ground fault protection in the generators connected to expanding units.
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Fig.1 Principle of injecting stator ground protection for double

converter generators connected as expanding unit

1.2 ¥ AT E

FEF B B o ST R v, 508 T C AR TR A
Ty~ T, (40, S A LR 2. 2 TP R,
X, N T, “RGARN L WHidt. R X[k
T — RGP B I T 52 — R AR 1
Ry~ Xy 0T, IOSEBRE . S b RS 3) —ak
M. Ry, v Xy N T, RGN B, I
Pl Ry~ Xy AT, RGP I i
BB R . R, ~ Xip N Ty (RISERE B, 3%
R ey 1 o = R S/ i [ Rt S R
M 0 oL 9 FR BELVA S ORI . X R R T
YA G R B ARGE AL AU, A HT
B PY 3 P AR R4 AR BT TR, 2954 & o

Gy G,

_£ Ry jXi2 _11>1 Ry Xu Ry sz'1 I Ry jX»

—rr —

— —>
i o, ™

[ 2 fRAPIN 2 @ BR B 35 R B E

Fig.2 Equivalent circuit diagram for measurement

& 2 nTRAS 2], 0T ARBHL 1, AU 5.
Ui =I(R, +iX,,)

Ini =(U=-Un) /R, +iX,,) 0
In=1-1Im

Un =i11(R1'1 +3iX,,)
DAL Ty PAAS 2

0520—012—011 (2)
X REHL2, A

In=Tu-1,

Ui = I (Ry, +X,.)

Im> =(U=U)I(R., +iX.)) (3)
I =In—1Im

In=(U,~U2)/(Ry+R,, + X))

DRI AT PAAS 3]
Is=12-U,Z,/(1+Z,+Z,) 4

y
F

1 1
= . ' + ' . '
RZZ +Rn2 +.]X22 Rm2 +JXm2
_ R+,
PR, +iX,
_ R +iX,
} R22 +Rn2 +jX;2
H1202) ()T HULe 4 0] Ha 1) S 401 5 )
i FEL A T B8 1) WA N Y = 1o/ U » A4 i v
LA S HIBE R R SO R B D R
R, =k* x1/Re(Y)

2 EN20 Hz BERAIHEA S

2.1 HEBHEFEE LS BIEEHHPERTARY 20 Hz
RIS EBES T
RN B TEdUE R T o b Ca s
R A R B A R SRR I B o B kAR
AR I, 3L 20 Hz Hi s HoL 0 25 v % G 15

3 R, B G o R HLE T 9RATRRATO M

1




_40 - e EREY BN

C, KNS RG AR IR Z AL Ta0m
T a0n2 Jo5rATE3E 4 %2 AL S N 20 Hz
R . Taou ~ Ta0c2 K40 BIVERE 5 & AU HLILE

REFEE N 20 Hz HUBEHETE, U 20 NTEA 20 Hz H
VIR o S (8440 A9 2 8 — VA O £

Tyony [zﬂL 1&0‘2 Lon2
R R R
" ¢ 3¢, | 3¢ 3C| Tt

1

B 3 G, KEREMEIERTHY 20 Hz E3 R
Fig.3 20Hz equivalent circuit of G, earth fault

| —

:| 3(1-a)C, == =

U® D el

/‘%Al'zo = j20n_1.20t , 3 01, i)
TREH1A:

. -1 1 .
L20n1 =U20[R—+R—+6Ja)(ct +C,)]

g n

. . 1 .
I200 =Unx [R— + J360(Cg +2C)]

n

A1 = Loni—Iaon =U20(Rl+j3a)cg) (5)
g

@ :argAjzo1—argUzo (6)
i, o=2xnf, NAHER,

i (5) FTRAFRE], iRkl B,
A Loon (URIRLABG U o (RRGEAE 07 ~90° 2 7], B
IEIS @ RSB HE R 0° ~90°
020

12002 =—

n

. S
L0 = —Uzo(R—+]3a)Cg)

n

Al.zozzl.zonz—jzou=U20j3wcg (7

¢2=argAizoz—argl.]zo=g (8)

FIEC (7) T, T AR S L A oo HOH
BRI U 2o FORIAE 90°, BILEIN g, FOE Y 90°.

2.2 ZBHXINAE BIBIZHSFERTAY 20 Hz BE
ZRynkegey gzl
R HHLIX A R A AR R bR s, 1L 20 Hez
SERLHLEE G 4 P

jzom e izoa j20n2

Um@ UR"3cg::3q:: N U ) 3¢ U

4 B XIMEHEFERAY 20 Hz HLEEE

Fig.4 20 Hz equivalent circuit of external earth fault
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Fig5 Alx, Ui of G, and R, when G internal fault with

high resistance



_44 - e EREY BN

0.01r
< 0/\/\/
5
-0.01
0.1 0.12 0.14 0.16 0.18 0.2
t/s
50r
Z
S
-50
0.1 0.12 0.14 0.16 0.18 0.2

1's
6 GEALI»w. Uxn

Fig.6 Al20. U2 of G, when G, internal fault with high
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Tab.1 Simulating results for single phase fault of generator G,
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fH/Q 1H/Q % Bl D/(°) I @/(°) %

R9br R,

G, 14.79 13.97 5.87
1 000 999.5 0.05

G, 89.97 90 0.03

G, 27.83 26.45 5.22
2000 1998 0.1

G, 89.97 90 0.03

G, 38.39 36.74 4.49
3000 2995 0.17

G, 89.96 90 0.04

G, 46.57 44.86 3.81
4000 3991 0.225

G, 89.97 90 0.03
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Tab.2 Simulating results for external fault

.

Ry K
;ﬁ Ry R WA ERIE R
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Q Bl
Gy 90.04 90 0.04
1 000 999.5 0.05
G, 90 90 0
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2000 1998 0.1
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Gy 90.04 90 0.04
3000 2998 0.067
G, 90 90 0
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G, 90.04 90 0.04
5000 4989 0.22
G, 90 90 0
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