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Discussion on setting calculation of large steam turbine generator loss-of-excitation protection

XU Yerong"?, BAO Minglei"?, LI Yuping" 2, SANG Jianbin"?, LI Ming"?
(1. Nanjing SAC Power Grid Automation Co., Ltd., Nanjing 211100, China;
2. Guodian Nanjing Automation Co., Ltd., Nanjing 211100, China)

Abstract: This paper compares the two criterions of generator loss-of-excitation protection based on impedance principle
and inverse reactive power principle, by analyzing the variation of the steam turbine generator’s power output and
generator-end impedance. The main criterions of the two protection principles are demonstrated the same principle and
trip mode. The main action area of loss-of-excitation protection based on impedance principle is mapped from impedance
plane to P-Q plane, in order to get the power action area. The function can save the setting calculation of the latter one
from engineering experience. Finally, taking a 1 000 MW steam turbine generator as an example, the setting calculation of
the two kinds of protection principles are calculated, which provides a specific reference for the dual principle
loss-of-excitation protection configuration.
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Fig. 1 Schematic diagram of connection between

generator and grid
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Fig. 2 Schematic diagram of turbo generator’s impedance

curves of the static and stable limit state
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Fig. 3 Schematic diagram of turbo generator’s impedance

curves of the asynchronous limit state
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Fig. 4 Schematic diagram of the action area of loss-of-

excitation protection based on impedance circle

RABHURAE RN, RSN HEER iR, &
UL RSB PR, B s RSk
HUNLR AN e 2RAS o WSR RS20 BT D SRR
PELPURAIA T, oIS RS PR TEAS . 5T
RER e, 3 A AR AR Ay B B R R
PP S Xy RV AT LA, i
R AL SR BT R B BHPUT I o A EDIE
BT [ TV . PLa MK IE D&Y
201, B 4 i ODBE (M5 E650) A Kk Ry 1K)
BHHTIL T

H B L PELBCRE A B[ P R R R IS (1
BT, MARFEN . O TR B AR
PHRg, — A TG B O Al
2 A AT AR B e 20 AL B A SR, BTN SE
BU R AR R B o 22 AT TP i A BRI, 38
SuB SN FIA I PIVE B/ SUR | PR VG T e

Bl 5 D0 FRPUS B R ORA SR I AR . )
Wiy JbBEZR Ge B B R B UL OBLAL, Rt HL
Bl i AT RN o ZE 004 Rl R 2

X IRIBLAL, AR SR p R AR 4 i s s A
LA AR G DIRR 8 i il R GE i B

VR AR RBIRES T e seifriats— B
ffa], e TR, HUR K THETE,
ity BRI Sy, D IR R

REHIEUS<

— /0

&
Bl st
Bl Z,< & — 00
& —
HLEPT 13
S R — I
bl ©/0
ik i
U<
WP &1L 1o

5 Min[RIBRHRIPNEZIBIER
Fig. 5 Logic diagram of generator loss-of-excitation

protection based on impedance circle
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Fig. 6 Logic diagram of generator loss-of-excitation

protection based on inverse reactive power
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Fig. 7 Schematic diagram of the mapping the action area

from impedance plane to P-Q plane



-158 - & 0% EP DA

F 1 FMEXEHBRTEMES ZE P-0 FEMENR
Table 1 Reference of action area between impedance

plane and P-Q plane

(AT FHHLT- i P-Q T L
A X1/ w0/x, wwmiggz&ﬁ@

R R B S R
cr o ox. v, ¢ w i'jzﬁ i

3.2 KHERIPEEETELS

WD) SR PR RGP, AE SR TREN I R,
FEAHREE NAE, I RCTREAY H N o 385K P 5
B RAE ORAP B A X SR 2 P-Q it , B AT S AL
AEFFRN RN 2 1 AT N e e A

LLK: 1000 MVA ¥48 K HHLAL" 461, Fie 2
HONHR 20 TRAETEHINEL Ay B BEECE TS
o b A BEAE AL s B R R DR Y, B B A A3
TGP RGO NI4T AL B BRI R
e

%2 1000 MW % BBH S
Table 2 Parameters of a 1 000 MW generator

e Hif W]
Sex 1 133 MVA BE TE D)%
Py 1020 MVA WOEA %
cos @y 0.9 T D2 R
Ugn 275kV WUE AL
My 270 Bl PT A2 L
Iy 23778 A WUE AL
ey 6 000 Bl CT A8k
Xl 26.4% EIRURLIES
X} 23.8% HLAME
X, 261.4% MR
X, 0.31 ARG AT
Viao 144V TR

(1) BB P R R e (3 e
IR ML E IR IEAEFH B
_Uan M 14830

GN nPT
sy SUR R PR (SR
X, =-X,xZ,, =-38.76Q
X =X, xZ,, =460
BHHTIA R L : X =-17.08Q
BRBLIAEAE: X, =21.68Q

Z

gn

B RHE: 7, =0.6xV,=864V

Rkt #2580 K, =0.28

RN TR T E: V, =144V

KRNI P =421

I P =0.5%x P, =0.5x617.76 =308.88 W

(2) WD IR B R R 52 (L

Fe AR AR BR 2 X (1) LR H LA e {1 o B
1B, HARA IR ZAH N RS AL 57 e

P’ +(0-1.42)" >1.80 (14)

Y 10% ket 6 R 0, T4 R R 5

((Suli
P’ +(0-1.278)" >1.62° (15)

FRER IR Y P OBIAE 17(0.99, 0)ii, HHEZ
P=0.9 (BlE IR K= T)MAZT(0.9, -0.069) 51
H A 1 0 ) R

0, =0.069% 686.39 =47.36 W

U, =85V (& HiJE)

REHIEU, =51.97 V (HIHE)

G 1, =4.36 A
HIL I, =4.76 A
VI P, =0.5x P, =308.88 W
FFHEU, =0.1xU, =10V

3
3

4 Z5iE

ARSORHE T AR R ORGP B, T R B
PSP FHAC R S R T S 2 P-O 1T, (643 K1k
R IS 338 1) JE D R AR R SN B . 0 ARG
Jil ik ) A R, T R R AR T U,
AR R Sy s . RAT I G Dy S B, )y
DLt S A e e s, OF HARDR 3 i R 51 &2
PRYBEAE o FR T30 G Dy Ji B 2Rl AR 4 AR 3G D
ERE LR SN ES%, — RS TRAR
AT EAE T, 1 TR DY A o 38 o A SO
BHTMR SR RT3k, SR AR, B
HETE T AENE Ko ST e A BE 2 TR N 4 Je To il il
T A PR A PR 7 T o O A X i 38 R DR
RCERME T Z%

& %3k
(1] A, EBF, o, & TR LA R I R iR

BOARBEI]. B RGRY S, 2015, 43(3):

7-13.

LU Wei, WANG Zengping, ZHENG Tao, et al. Research

on a novel loss of excitation protection criterion based on



b, %

ORIV e FIL R DRy R (A8 F0)

- 159 -

(2]

[3]

[4]

(5]

(6]

(7]

(8]

[9]

impedance circle of oscillatory boundary[J]. Power
System Protection and Control, 2015, 43(3): 7-13.

T AR AR R B NI M. 2 k. B
A T E L R, 2002.

WREAR, A, VESRAL, S BOE i BEIME A DR A

PR AR RS (UL-P ) KR R e v S AT [0].

kL3, 1995, 23(1): 3-9.

B SE. R IR DR P I B A LU BRI 23 T [0, 4K
4, 2005, 33(20): 33-35.

XUE Yiqin. Comparison and analysis of theory of generator
loss of field protections[J]. Relay, 2005, 33(20): 33-35.
DL/T 684-2012 K% HUBLAR s s 4k i fR 5 4 v 55
SFES].

DL/T 684-2012 guide of calculating settings of relay
protection for large generator and transformer[S].

FEfEwr, BRORUK, ME2enk, &, BB R AL DR N
HOAEDEIE. B R GRYT BRI, 2010, 38(20):
69-73.

SUI Jiayin, BI Tianshu, XUE Ancheng, et al. A novel
accelerated criterion for loss of field protection[J]. Power
System Protection and Control, 2010, 38(20): 69-73.
HURERR, RE, RBL. FE T ORI S &
WEARY 55 A RIIC A OB FE[T). W R GRS 4%
1, 2014, 42(23): 107-112.

LIU Guilin, SONG Wei, SONG Xinli. Research on
coordination of low excitation limit, loss of excitation
protection and out-of-step protection based on grid-related
protection[J]. Power System Protection and Control,
2014, 42(23): 107-112.

PORTE, WRE. FET A EL KRl PID Jil
ARG ET]. IR GRS S 1, 2016, 44(7):
19-24.

LI Zongze, SHI Chengjun. Simulation research on PID
excitation system of synchronous generator based on
two-dimensional cloud model[J]. Power System Protection
and Control, 2016, 44(7): 19-24.

W, SRR R0 AL Ut LS AN ) 1)
FEEMEIWEE]. ARG RY LR, 2015, 43(15):
91-95.

(10]

(11]

(12]

[13]

CAO Shuai, ZHANG Qingzhi. Research of influence of
synchronous generator air-gap on stability and active
power[J]. Power System Protection and Control, 2015,
43(15): 91-95.

YA, AR, EF, AF R AENLRB RS E L REE
g1 By A, 2009, 29(3): 1-3.

WANG Weijian, GUI Lin, WANG Lei, et al. Discussion
on setting calculation of generator loss-of-excitation
protection[J]. Electric Power Automation Equipment,
2009, 29(3): 1-3.

PR, MR, Thask. RAYES M A ML AR IS AT I ER
W, ARG AN, 2007, 31(2): 94-97.

YAN Wei, CHEN Jun, SHEN Quanrong. Discussion on
large non-salient pole generator phase-advancement
operation[J]. Automation of Electric Power Systems,
2007, 31(2): 94-97.

R, XTI, 2. 1000 MW R HUHLALERS (1
FAGETT]. HEHEBIR, 2008, 30(8): 8-12.

LI Li, LIU Wanbin, LI Yuhai. Protection configuration
and type selection for I000MW generator set[J]. Huadian
Technology, 2008, 30(8): 8-12.

WE, KU, BUEWE. KPR 5 K iR
WACS#E TR h R AL IR AR, 2012, 32(28):
129-132.

GUO Chunping, YU Zhen, YIN Xiutao. Coordinative
setting calculation of minimum-excitation limit and loss-of-

excitation protection for generator[J]. Proceedings of the
CSEE, 2012, 32(28): 129-132.

gt HEA: 2016-03-28;

& HHF: 2016-05-28

1EEEN:

ik (1986, %, Mit, TR, HARF@Aha s

A Gk B ARY; B-mail: xu.yerong@foxmail.com

QA& 977, B, ML, SRIELN, HHRF@A

W, 7] R Gk AR

FE2F 1978, F, ML, GAIAF, HLF@H

W) AU AR

(%m4% 2/ m)



