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Fig.1 Unstable OMIB trajectory
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Fig.2 Stable OMIB trajectory
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Table 1 Preset fault set of IEEE 3-machine
9-bus system

WEEA R WO SRR T /ms UDBR ] /ms
A 7-5 1 160
B 7-5 1 200
o 9-6 1 245
D 9-6 1 275
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Table 2 Preset fault set of New England system

WK RORRZ R SRS A] /ms DIBR IR /ms
E 4-5 1 200
F 3-18 1 200
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Fig.3 Relationship between stability margin and
FEVR when fault A occurs in system 1
under brushless excitation mode
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under brushless excitation mode
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Table 3 Unit transient stability margins of system 1
for different FEVRs when fault A occurs

TH

. 7/ (MW -rad)

' Bl 1 Bl 2 B4 3
1.0 ~0.0775 ~0.4709 ~0.6433
1.1 -0.0014 0.2214 -0.0124
1.2 0.0772 07411 0.2878
1.3 0.2109 1.6428 0.692 1
1.4 0.3591 23844 11170
L5 0.5162 3.1060 1.5696
1.6 0.6668 3.8147 2.0137
1.7 0.8211 4.5069 24736
1.8 0.9733 5.1748 2.9058
1.9 1.1248 5.8300 33357
2.0 1.2483 6.4514 37292
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Fig.4 Relationship between stability margin and
FEVR when fault B occurs in system 1 under
brushless excitation mode

R4 FEFEBMET, 2% | SNANEHEUSHEXRY

Table 4 Unit linear fitting correlation coefficient of
system 1 for different preset faults

na LEPEADL A A OE R B
HMBE A MR B MR C MR D
1 0.9966 0.9993 0.9939 0.9993
2 0.9994 0.9988 0.9912 0.998 1
3 0.9994 0.9984 0.9954 0.9912
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Table 5 Unit linear fitting correlation coefficient
of system 2 for different preset faults

LR MG R R

bt T E WL T
30 0.9996 0.9991
31 0.9994 0.9996
32 0.9992 0.9998
33 0.9987 0.9991
34 0.9990 0.9989
35 0.9957 0.9985
36 0.9990 0.9988
37 0.9992 0.9993
38 0.9965 0.9979
39 0.9959 0.9982
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Fig.5 Relationship between stability margin and

FEVR when fault B occurs in system 1 under
static excitation mode
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Table 6 Transient stability margin of units for different

FEVRs when fault B occurs in system 1
under static excitation mode

n/ (MW -rad)

L 1 L4 2 HLZl 3
1.0 -67.6413 -61.3570 -62.3420
1.1 663127 -56.568 1 -58.0811
12 —65.3469 -52.5398 ~54.4833
13 -64.4766 -49.5155 -51.2998
1.4 -63.803 1 -47.2181 -48.7501
15 -63.2485 —45.6048 -46.6498
1.6 -62.8003 —44.5727 -45.0292
1.7 ~62.5479 -43.8592 -43.7946
1.8 -62.3956 -43.4791 -429135
1.9 -62.3050 —43.2734 -423272
2.0 622742 ~43.1958 -41.9865
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Fig.6 Relationship between stability margin and
FEVR when fault A occurs in system 1 under
static excitation mode
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Table 7 Unit poliminal fitting correlation coefficient

of system 1 for different preset faults

SR Z TN A O R B

BN

MR A R B MR C HEE D
0.9989 0.9985 0.9999 0.9991
0.9964 0.9939 0.9973 0.9962
3 0.9988 0.9993 0.9999 0.9998
RS ARATEHET, &% 2 FNAM
SHMAMEHXRE

Table 8 Unit poliminal fitting correlation coefficient

of system 2 for different preset faults
TR Z IS A O R B

bt HORE R HehE ¥

30 0.9999 0.9998
31 0.9981 0.9995
32 0.9986 0.9969
33 0.9947 0.9934
34 0.9981 0.9987
35 0.9902 0.9890
36 0.9948 0.9957
37 0.9996 0.9972
38 0.9917 0.9768
39 0.9859 0.9887
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Fig.7 Relationship between stability margin and FEVR
of unit 3 when fault A occurs in system 1

for brushless and static excitation modes
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Fig.8 Relationship between stability margin and FEVR
of unit 30 when fault E occurs in system 2
for brushless and static excitation modes
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Table 9 Fitting results of relationship between
stability margin and FEVR

iy 28 UG PR AL A C R A
I n=—7.5323+7.0459i 0.9994
i 7=-9.1309+12.605 8343204 0.9964
mm n=—148.9804+55.2744i 0.9996
IV 9=—182.5195+127.6556i—29.3599 0.9999
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Fig.9 Relationship between stability margin and FEVR
of unit 38 when fault I occurs in system 2
for brushless and static excitation modes
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Fig.10 Flowchart of proposed algorithm
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Table 10 Transient stability margin of
system 1 for different FEVRs

BAREHE/ (MW -rad)

i

HLEH 1 HLEH 2 HLEH 3
1.0 -70.4907 -72.0104 -73.9603
1.1 -69.5500 -69.6773 -72.5220
1.2 -68.1494 -66.7990 -70.3951

F 11 RE | BHUEB IR AL A & A
Table 11 Excitation cost function and transient stability
margin fitting function for units of system 1

Pl C,(i) 7,(i)

1 [1+(-1.6)k1C,x247.5 —82.2739+11.7065i
2 [1+(G-1.6)k1Cox192  —98.1583+26.0570i
3 [1+(G-1.6)k]Cox128  —91.9011+17.8260i
KRR EFE | EAREMEHREARTH

Table 12 Transient stability margin of system 1
for different FEVR configurations

fic 77 X

Mgl g2 43 (MW -rad)
e 1.60 1.60 1.60 567.5 -30.8626
52V 2.18 2.50 2.50 1000 7.2989
1 2.22 2.45 2.50 1000 7.1053
2 2.21 2.50 245 1000 7.1503
3 2.50 2.50 1.89 1000 -2.0170
4 2.50 2.09 2.50 1000 0.4361
210
PIC
= (
s 135 Py
a8
60 1 1 1
0.75 1.50 2.25 3.00
8/rad

B 11 MERET OMIB BB ITh F 45 1%
Fig.11 Power-angle characteristics of OMIB model

with nominal FEVR configuration

300
= e
§1m Lﬁ% Py
-100 ‘ :
-05 0.5 1.5 25
&/rad

B 12 RMEET RS OMIB EE W A
Fig.12 Power-angle characteristics of OMIB model
with optimal FEVR configuration
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A R A S i B S AR R i PR AR e K
BILZEL P 5 il A3 50, AL L e il s T e 5 SR 3% 12 v
HRCE 20 3, X RS E SREME N -2.0107
MW -rad, REGEANFE BLE =0 4 0 BT —E
BF AN FE AL B S RS S bR A | R e Xt & 4t
PR EM B R KL B 5 () F R L4
FIsEEh A, R 12 70 BT 4 T, 2885
FoE HRGE DR i I8 T 2% 58 0 bR sl AR 1
R E TS, M7 3 4 SRt — DUl
Ao A O S 3 i B A AR 1 PR AR e /INBILA B 5 il
FRE A B
42 BRZE2HH

502 BEE WLSCER [ 19, B E LA 30 AL
33 SRR ity =X, HAbHLAL R TC el il i =X
BB IR g T Co=1(MV-A)™, &1k il iy X
T Co=09(MV-A)", Wl R 5885 C,,=10000,
HAh 280 B 4.1 15541,

421 FEARALKE-WEE L

RO BN EE MR 2 2 P B, E R
E N ALZH 58 il A% B0 e e B T 4 R LR 13, X
ML SR 5 R 3R 14,

RI13REB—HER, R 2 EREBEMELR
BEARTHESRERE
Table 13 Transient stability margin of system 2
with single fault for different
FEVR configurations

i & 7 2C Can PR EME /(MW -rad)
Rl 10000 269108
1 10000 26.8960
2 10000 26.888 1

R4 REBR—HER ZE 2 WEMBEHEREATR
Table 14 FEVR configuration of system 2 with single fault

i

HiE 75 3K

B30  HL4L31 L4132 HLAI33  HL4l 34

At 2.16 2.50 2.50 1.60 2.50

1 2.16 2.50 2.50 1.60 2.50

2 2.16 2.50 2.50 1.60 2.50

- 1

RHETN —ass haise s BAL3s  BLAL39

et 2.50 1.60 2.50 2.50 1.99

1 2.50 1.60 2.50 2.45 2.03

2 2.50 1.60 2.45 2.50 2.02

IR ThE] o DOl DR SRR Y e
13 H T 25 e s M e R A G T T Y 4G
PR 13 14 TR THR SR RS 2 H B R — i
E B TE I 22 48 B3 58 10000 091 &L F #2 S A
Ficl 5 2 40 18 S R M A e
422 FEREKSBEHL

HIRARG LG SR IR 2 R B
F, iR E FLF PR & AR5 03 0.7 F10.3,

LSO R | 2R Ge L AL AR 38 il A5 B A e B
D OV Sy = W L 7= W A O VAL B8 T
FEOE M DL 15, AR A AL 2H 38 Jah 175 B WL 36 16, H
F 15 AT, ARG 2 AL B 10000 B 1 B
R E T RE R S Rk,

RIS REEGHER, 7% 2 EXRERAMEH
BREARTHRMELSRERE
Table 15 Probabilistic transient stability margin of
system 2 with multiple faults for different
FEVR configurations

fic & 2 Com HE S AR i/ (MW -rad )
e i B 10000 28.8377

1 10000 28.7387

2 10000 28.8245

K16 REEGHER , RE 2 WEMBEHREFR
Table 16 FEVR configuration of system 2 with multiple faults

i

.
RENA 530 a3l fldls2  flA33 A4
Al 2.50 2.50 2.50 1.60 2.50

1 2.50 2.50 2.50 1.60 2.50
2 2.50 2.50 2.50 1.60 2.50
1A
MBI s Bl BlAls iz B9
Al 2.50 1.60 2.50 2.50 1.91
1 2.50 1.60 2.50 2.45 1.95
2 2.50 1.60 2.45 2.50 1.94

R 17 ARFFHAB S EORE | i 3R 58 B AR B
Pt X B f B R R AR R B SR E M IR
SR, TR ARG — I SR P A Dl A SR
BCE RO ASTE MR, A RAIUECE T AL 5 )
AT e — A B0 Rl LR B 0 il i 2R 48 AR R
(75 1 ik — A s RGBSR EE

F17T RABRMHEHERREFTRN, ZE 2 EXRE
WERGEERATHHREREISHERE
Table 17 Probabilistic transient stability margin of

system 2 with optimal FEVR configuration
for different C.,, values

Com HER B S FE M i /(MW +rad )
9000 20.9272
9500 25.0952
10000 28.8377
5 4ig

ARSCRESL T IRl g 75 3O 2R G AR E 12K
P 5C 2  MRASE R L e 1 il i T KO B 2SR 19 IR
Z IR AR R MR R 2% 18T Lk W A T B AR
TG ) 1l B AR L | R R B 52 B A7 (45 L TRl D7
5 3l A5 R B HE I AN RE 5 22 Pl R AL SR E
PE AR T Z B AR GELLH s il 1% B e Al e B 5800 | i
A4 e B SRR IS B ML 5k i A5 R i AL BC
Jili e 2 8 AL B — i I AL 2 iR il 7 K I T A
REMRHEIL T ESRERERK, REFER
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Optimal FEVR configuration of generation units in multi-machine power system
ZHOU Yun',YAN Zheng',LI Naihu'?,CAO Lu’
(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,
Shanghai Jiao Tong University,Shanghai 200240, China;
2. Alstom Grid China Technology Center,Shanghai 201114, China;
3. East China Grid Company Limited,Shanghai 200120, China)
Abstract: Since the increase of unit FEVR (Force Excitation Voltage Ratio) may improve the transient
stability of multi-machine power system,an algorithm for the optimal unit FEVR configuration of multi-
machine power system is studied. An OMIB(One-Machine-Infinite-Bus) model of multi-machine power system
is built to calculate quantitatively its transient stability margin. The influence of FEVR on the transient
stability margin is modeled respectively in brushless excitation and static excitation modes,based on which,
an algorithm for the optimal unit FEVR configuration of multi-machine power system is proposed,which
preferentially increases the FEVRs of the units with low transient stability marginal cost during single
system fault while increases the FEVRs of the units with low probabilistic transient stability marginal cost
during multiple system faults. The FEVRs of IEEE 3-machine 9-bus system and New England system are
optimized with the proposed algorithm and the simulative results show that the system with the proposed
optimal FEVR configuration has better transient stability.
Key words: electric generators; force excitation voltage ratio; electric excitation; optimization; transients;
stability; models
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Measuring unbalance degree of multi-circuit transmission lines on same tower

with consideration of lightning conductor
WANG Yufei,XU Xing,XUE Hua
(School of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China)

Abstract: For the optimal design and operation of multi-circuit transmission lines on same tower,their
impedance parameters are calculated with the influences of lightning conductors considered and a method
of measuring the line unbalance degree is proposed,which characterizes its physical nature. The unbalance
degree of six-circuit transmission lines on same tower is simulated and calculated with PSCAD software
and the influence of lightning conductor connection pattern on the line unbalance degree is analyzed for
different line lengths and different phase sequence layouts. Results show that,being practical and
convenient, the proposed method can precisely reflect the property of line unbalance and select the optimal
phase sequence layouts;the lightning conductor connection pattern is the main influencing factor of line
zero-sequence unbalance degree.

Key words: electric power transmission; multi-circuit transmission lines on same tower; lightning conductor;

unbalance degree; phase sequence layout; computer simulation



