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Optimal configuration of main protection for a variable speed pumped storage
power generator based on internal fault simulation
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(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology, Huazhong University of Science and
Technology, Wuhan 430074, China; 2. Pumped-Storage Technological & Economic Research Institute,
State Grid Xinyuan Company Ltd., Beijing 100053, China)

Abstract: The large-scale variable-speed pumped storage unit has the characteristics of alternating current excitation and
variable-speed constant-frequency power generation. It is of practical significance to study the internal fault simulation to
clarify the optimal configuration scheme of its main protection. First, a general mathematical calculation model of a
variable-speed pumped storage power generation motor is established based on the branch voltage equation and flux
linkage equation. This can realize the transient simulation of the internal short-circuit fault and the open-welding line fault
of the stator winding under grid-connected full load condition. The fault characteristics of the two types of faults in the
simulation results are consistent with the theoretical analysis, and this verifies the correctness of the mathematical
calculation model. Then, all possible short-circuit faults and disconnection faults are analyzed according to the winding
law of the stator winding, and the established mathematical model is used to simulate and calculate all faults. Finally, it is
found that the protection coverage is the best when the main protection configuration scheme is ‘zero sequence transverse
and split phase transverse and complete longitudinal differential current protection’ through quantitative analysis and
comparison.
This work is supported by the National Natural Science Foundation of China (No. 51877089).
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Fig. 1 Equivalent circuit diagram of stator and rotor windings

K, ol Bl m 03, Hro e n
933 i A u SRRy SCHRIRAT LS . fihR s A r
T3 2R FE AN - i < SR I A
AIEREBERIN, FIASRE . BT A SORERITREN

2 T BT

A p N HET: w My, 005 H7 3



FIR, 5

S Py A b U R AT ARl K & e L B LE 10 R DAL G B E 7T -3 -

Wi%E; 1, I 2 RRE. BTscidmit: U MU,
DRINGE . BB R R A HINE. BT
SCES B . BARATROR N

W, =0 W s W Wt W s W WersWers > Wen ||
W, = W0 Wi s WV W s W WersWeas s W, |

Is:[i:l’izTZ"“’i:m’ilil’iks;Z’.'.’iks;m’l.:l’l.csz"."icsm]—r

T A U RTINS NN Y N A S o

m m m

s s s s s sqT
Us :[_uaa.“a_ua 7_ub5“.a_ub a_uc"“’_uc]

n n n

T T r T T rqT
U :[_u ’...,_u ub’...,_ub,_uc’...’_u ]

T a a?’ c

_w
Rs = dlag (RS)RS)”.7R5)

3n

R =diag (R ,R,--,R)
(2)
MRYE R B 0T, . S
JEJTREAHARVE Z AR B ML . Sk, 51N REREE

W E #1 E..

1 -1 0 0 0
o1 -1 - 0 O

Es: : : : : . (3)
0 0 0 1 _1 (3m—1)x3m
1 -1 0 0 0

R

e, . 0 @

00 0 - 1 - (Bn=1)x3n

B RBRAERE E, F1 E AN

Es!/ls RsEs Is Us,
p + =| ®)
Er!//r RrEr Ir Ur
:EQ‘:F‘, US,=ESUS’ Ur'=ErUr° /E\‘,ﬁgy‘j
m-1 ‘ m-1 ‘ m—1 .
U; =[Oa"'707_u:b70a'"707_uzca0a'”90]

n—l1 n—l1 n—l1

T
U! =[0,---,0,~u,,0,---,0,~u;_,0,---,0]

e, My, 70 BN T LR ab AHAT be AHZE
MU s g, ATy, 20990 9% 7 i ab AHAN be AHZL
LR o

ISR E T R B, R B
RILFN 0. B, &7 &7 R LA R &
X(DPR-

Do+t iy e, H0 e+, =00 (7)

IR, BTSN B, B TR
L 2R 26 A s (8) s

or or T Dy Dy -7
Ly Feeetiy, iy e tg i e, =00 (8)

(6)

Bk, SINAHRFERE D, D, K7 [ LR AT
HARN

0 0 0

0 0 0
p=|: P ©)

0 0 1 0

e _1_3m><(3m—1)

1 0 0 0

0 1 0 0
p-|: i (10)

o 0 - 1 0

-1 -l _1_3nx(3n71)

K L H A FE D, Al D AN (S) AT 43

E§W§ RQEG DQIS, US,
p ) ‘ + ) ‘ A r = r (11)
Er!//r Rl'El' DrIr UT
KX, 1'=D'1,, I'=D'I . FiEH
T S [T WSRELIY S0 0 IV A ATV ASREEY i (12)
Ir,:[izl’i:Z"”’iarn’igl’itr)Z’”"il;n7icrl’i:2’”"icr(n—l) '

H—JT, B BT EN
e
W}’ LrS er Ir
Xt L, N 3mx3m W€ FHIRFERE: L N3nx3n
B i1 HUBE s S FE T HUEGERE L, A1 L €
v HIRAERE . K A3)RAX (1) AT 45
|:M11 M12}|:pls'} |:N11 N12:||:I;:| |:U§,:|
|+ =1L (14)
M, M, || pl Ny Ny LI U,

A

Mll :EsLsst 5 M12 :EsLerr 5 M21 :ErLrst 5
M22 :ErerDr 5 Nll :RsEst 5 NIZ :EspLerr 5
N2l = Ererst 5 N22 = RrErDr °

M, . M, . N,H N, 23R, FIHYH %
A% B S SR AR AR R By Jr RE A, RIAT 5%
LB LI H I AT I %% 20 SC A I e A 18

S 10 25 o P 8 R i A i ([ A () 9 S0 B
B TR 7 S B s R S R B ) - 7 FOAE
R A R PRI 3 1] 225 3CiR[19-20], AL
TR T ORI B T RIEATHE T

L B ENHLIE H A2 AT SRR A A AR b 2 i e
I, AGE T =AM 0 (A BEREAT R, Rk
TFIR O STHTAEARB A FRAN A, BRIV R AR A e
I3 3 HLIRU R AR 2 WU HT I m/ (m — 1) £ o T AR 23



_4- C A ERBY B EH

LA E T 9 S 14y SO IR AR AL . W IT
PRI AL BRI, 25 IR 3 3 5 BT S A B L
JifE, RIS EF AR T A SRR TR R . i
EHEPE L, L« LM 3mx3m « 3mx3n
3nx3m M N Gm-D)xBm—-1) « 3m—1)x3n Al
3nx(3m-1), RN E,. D WAHRFE—H.

BEAh, LI AT 3T W 2 45T AR 23 S R

— — r—m;;
ST US' :[0’...’0’_u:b’0’...’0’_uzc’0’...,O]T, =
W 4R ST EAL B AT —E A4, W=X(15).

m-2 m—1 m—1
U: :[O,,O,_u;b,o,,o,_u;c,o,,O]T a$a}|:j:§':

m—1 m=2 m—

—

— f—JJ_\
Ug, :[O,"',0,—u:b,0,"',0,—UZC,O,"',O]T b*ﬁa:l:ﬁ:

m—1 m—1 m=2
— — —

US’=[0,---,0,—u§b,0,---,0,—u§c,0,---,O]T cHFFIE

(15)
FEA bR T 5 BT T RO R F R T R, 2%
KT K (14).

TR RLERE P 2 B SRR (14) B0 26 Al . (R
AFE RGN, AR . 25 CER[19]7]
SRS L . L. LRI L HEATHE. W
TR FEXS ERPACRC B AT TS, BRI H
AT RITEAEEA .

2 EFRSHER AR HIEESE R

PASE & R AR 4K & REN LA B 98 T 52 (4
AR Oy FAR Y, AL RIS H R 1 .
FETHRHINE 252 MR 27 0 5 P I 2k el 25 8
RLBR RN B B ORIk RE, MOREE R, B sk
PR o BT HR2H A FI L il e % FE R P Ay
P8 DR 08 5 O S8 T DA 3 o 2 e L B o X A
P, AL R, R R R AR AE R RN 2
FREGHE - W] BE A A= 1 R s B B H 55 1 i AL
LA Zo W Tumlils, T Ta 4R ANE B
SR SR, MRAE SCIR[21], 7T A8 A A2 A i 748

*1 RETLTRIANELSH

Table 1 Basic parameters of a variable speed unit
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Fig. 2 Slot number distribution of each branch
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Table 2 Number of short circuit faults
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Fig. 3 Statistics of turns difference of short circuit faults

in the same branch
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Fig. 5 Instantaneous value of three phase current of generator



_6- C A ERBY B EH

& 6 Hlif#& 533 B iRt A

Fig. 6 Instantaneous current of each branch of generator

XHEL 4 1% CT REEM RS 5 AT HU I8 B
MG s, [T FEERR. RMAEED
Wiy eI AT 8 e 0 22 B 1 R0 20UE
ARG, I 7 Bse ATRAKIL, R /N ZE [0
[ L 6 PR R e — T 75 A SR AR IIA A B

B 7 &EFRIPEIERRHNBYIE

Fig. 7 Effective value of each main protection action current
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Table 3 Fault action of zero-sequence transverse

differential protection
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M 664(1 146) 138(156)  5474(5502) 6 276(6 804)
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Table 4 Fault action of split-phase transverse

differential protection
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Table 5 Fault action of double transverse differential protection

FEMESE FMHRS X A it
it 90(96) 23(30) 126(126) 239(252)
Ui 907(1 146) 144(156)  5486(5502) 6 537(6 804)
it 997(1 242) 167(186)  5612(5628) 6 776(7 056)

[FIAR [A] 0 SR Bt o o 245 FhERIPIESS, 73
Pz oL, W 8 Fron. HApmZzEdy 1~2 [
B 93.06%, {H /T /NI ZE R R 28BN, kbR A
MR BUK

8 IEFNFEE E L1t

Fig. 8 Statistics of turn difference of rejection fault
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Table 6 Fault action of double transverse differential

protection + complete longitudinal differential protection

A AR SR st
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Table 7 Fault action of double transverse differential
protection+ double incomplete longitudinal

differential protection
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Fig. 9 Instantaneous value of three phase current of generator
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Fig. 10 Instantaneous current of each branch of generator
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Fig. 11 Effective value of zero sequence transverse-

differential current
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Table 8 Effective value of zero-sequence transverse-differential

current in case of wire-breaking fault
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