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Abstract: With the large applications of the regional power grid interconnection grid expanding and fast excitation systems
the dynamic stability problems of power system are more prominent and gradually become the main factor influencing the grid
security and power limit. Since a large number of dynamic elements being put into operation the dynamic regulation perform—
ance is changed and the poor dynamic stability will likely lead to low — frequency oscillation. Low — frequency oscillation can
cause the system to have the oscillations of frequency voltage power and other electrical quantities in different degrees the
deteriorating interaction will eventually lead to system instability and splitting which will form large — scale blackouts. There—
fore low — frequency oscillation problem is getting more and more attention and how to determine the oscillation properties
correctly and quickly becomes a difficult problem. Therefore the characteristics of negative damping oscillation and forced os—
cillation are studied the oscillation distinguishing criterion for envelope shape based on transient response in start — up phase
are proposed. It is verified by taking the low — frequency oscillation of one grid as example and it shows that the proposed
method can effectively determine the type of low — frequency oscillations which has an important guiding significance for ana—
lyzing low — frequency oscillation and suppressing low — frequency oscillation in actual operation.
Key words: low — frequency oscillation; negative damping oscillation; forced oscillation; response characteristics
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+ 800 kV

1 2 1 1 3 4 2
(1. 830000; 2. 830047;
3. 830016; 4. 830011)

Abstract: Recently the AC — DC hybrid systems develop rapidly with large scale and complex structure which makes the se—
curity and reliability of power grid being more difficult to be controlled. With the wind power solar energy and other intermit—
tent energy come to the sending end of DC the operating characteristics of AC — DC systems have become more complicated
and bring other new problems. DC blocking faults which affect the voltage stability is a major factor limiting power transmis—
sion and because of its sudden occurrence and concealment it is difficult to see through their signs clearly in the earlier stage
of an accident and unable to take effective measures in time. Therefore the principles of voltage fluctuations in the integrated
wind farms and the operating characteristics of AC — DC hybrid system are analyzed. When blocking faults occur in UHVDC
transmission system the differences about voltage in AC — DC hybrid system will be analyzed through different control meas—
ures according to the voltage distribution characteristics of a wind farm in Xinjiang and the measures for improving the voltage
stability are proposed. Therefore through simulating DC blocking faults the analyses provide an important reference to im—
prove the voltage stability of AC — DC hybrid system and reduce the impacts of voltage fluctuations on the off — grid wind tur—
bines.
Key words: high — density wind power; HVDC; voltage influence; voltage stability; bipole tripping

:TM711 tA 11003 - 6954(2015) 04 — 0005 - 05
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Abstract: Single layer linear neural network is used to solve the state estimation problems of voltage sag. The structure and in—
put/output characteristics of single layer linear neural network are compared with that of multi — layer linear neural network
and the simulation of IEEE —30 bus reliability test system ( RTS) is carried out by using Matlab neural network toolbox. The
results demonstrate that these two kinds of networks have the same function and can achieve the same error precision. But
single layer linear neural network can significantly increase the computation speed because of its simpler structure.

Key words: voltage sag; state estimation; regional power grid; single layer linear neural network
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Abstract: The current LVRT control strategy and relay protection of wind farms at home and abroad are summarized. Firstly
the LVRT control strategies for different types of wind turbines are analyzed and their impacts on the protection are discussed.
Secondly the fault characteristics of wind turbines and wind farms are analyzed. Finally the fault characteristics of collecting
power lines in wind farms and outgoing lines of wind farms are also discussed as well as the corresponding protection strategies.
Aiming at the suitability of traditional relay protection for wind farms it is suggested to construct a coordinated control strategy
which not only considers WTG body protection condition and wind power technology requirements but also gives a considera—
tion to the means of LVRT realization and additional hardware structure of various types of wind turbines. And then the re—
search goes further into the relay protection of wind farms under the proposed coordinated control strategy and it will develop
the new applicable principles and technologies for collecting power lines and outgoing lines of wind farms which can effective—
ly solve the relay protection problems faced by wind farms.

Key words: LVRT; wind farm; relay protection; coordinated control strategy; collector wires; outgoing line
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(50 kA) .
. 750 kV

Abstract: Due to the integration of a large number of large — capacity units and the continuous strengthening of grid structure
which causes the continuous rising of short — circuit current the short — circuit current in 750 kV Fenghuang area has excee—
ded the breaking current of relay (50 kA) so the operating mode is difficult to arrange. With the integration of the following
units  short — circuit current problem becomes more prominent and the excessive short — circuit current has become a key
problem influencing the safe and stable operation of power grid. So based on the actual situation of short — circuit current in
750 kV Fenghuang area and combined with the grid structure planning the level of short — circuit current in Fenghuang area is
calculated in stages and the effects of each project on the short — circuit current in Fenghuang area are analyzed. At the same
time as viewed from adjusting operating mode installing small reactor on neutral point and changing neutral grounding mode
the restrictions on short — circuit current in Fenghuang area are analyzed and calculated and the corresponding conclusions are
obtained which provides an important reference for the arrangement of operating modes and the following feasibility research of
grid plan and grid construction in Fenghuang area.
Key words: Fenghuang area; operating mode; short — circuit current; neutral small reactance
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Abstract: Focusing on condition — based maintenance of grid information system the state evaluation and short — term predic—
tion methods for grid information system are proposed. The state evaluation index system of information system is established
through full discussion and the corresponding weight is given according to the important degree of each index. The monitoring
and evaluation for the overall state of information system with B/S architecture are realized and its short — term state is predic—
ted taking the history of information system as training samples. The results will be served as an important part of condition —
based maintenance for grid information system.

Key words: information system; state evaluation; short — term prediction; condition — based maintenance
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o — +800 kV N

Abstract: The parameters of converter transformer are an important part of the design of HVDC project which provides the
support for the main connection and layout of converter substation and its rationality will influence the operating characteristics
and technological economical index of whole HVDC system. Taking Humeng — Shandong + 800 kV HVDC project for exam—
ple according to the requirements to system condition main circuit parameters and operating characteristics the calculation
process of tap series of converter transformer is discussed in detail based on self — compiled program. The proposed calculation
method is applied to HVDC project for the first time and the rationality of the proposed method is verified by the comparison
with the actual values.
Key words: HVDC transmission system; converter transformer; maximum no — load voltage; minimum no — load voltage; tap
series
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1.

( 621000)

Abstract: Tripping caused by bird damage has great effects on long — term stable operation of EHV transmission lines and near—
by DC transmission lines. Based on the properties of tripping caused by bird damage on EHV transmission lines the daily op—
erational maintenance work is proposed to prevent bird damage for EHV transmission lines. Through analyzing the effects of
traditional bird — resistant devices new bird — resistant devices are investigated and have been successfully applied to EHV
transmission lines. The new type bird shields provide an effective bird — resistant effect reduce the maintenance intensity and
play a good role in the safe and stable operation of transmission lines through improving the installation of conventional bird
shields. The new windmill - sting is innovated in the effectiveness of bird — resistant bird — dispersal and energy utilization
which effectively reduces the tripping caused by bird damage.
Key words: EHV transmission line; bird damage; new bird - resistant device
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(1. 053000; 2. 618000)

Abstract: In order to deal with the poor efficiency and locally optimal solutions in reconfiguration of distribution network
which is caused by frequently state change of switches and multiple call of power flow calculations a new reconfiguration meth—
od based on loss sensitivity and tabu search is proposed to reduce the active power loss. Firstly the loss sensitivity index is
defined by loss and switching state and then a stored switch list can be obtained by power flow calculation and loss sensitivity
index. On this basis a reasonable search neighborhood is constructed by tabu search algorithm the best available network
reconfiguration scheme can be obtained after the global optimization by tabu search and the optimization time can meet the ap—
plication requirements. The results of calculation examples show that the proposed method is effective.

Key words: reconfiguration of distribution network; loss sensitivity; tabu search
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( 101300)

’ 1

Abstract: Taking the common grounding modes that is neutral point unearthed and neutral point earthed via arc — suppression
coil and neutral grounding through low resistance as studying objects the influences of these kinds of grounding modes on the
security of using electricity under different short circuits are analyzed combining with the actual situation of power grid in Beijing
area and it is obtained that at present using low resistance grounding has its advantages in security and applicability.
Key words: grounding mode; low resistance grounding; security
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( 610072)

Abstract: DC auxiliary power system provides working supply and emergency supply for control protection communication
and other loads and it is the important device to guarantee the safe operation of booster station substation and converter sta—
tion. Especially insulation monitoring device is one of the important methods for ensuring the normal operation of DC auxiliary
power system. The properties of insulation monitoring device directly affect the safe operation of DC auxiliary power system.
Therefore the relevant detection or calibration must be carried out. The calibration and detection technologies for insulation
monitoring device of DC auxiliary power system in substation are discussed. The principle of detection circuit is described and
analyzed for calibration device which provides a reference for effective calibration of insulation monitoring device.
Key words: DC power system; insulation monitoring device; detection technology
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Abstract: The related setting guides provide the requirements for setting calculation and time coordination of grid — related pro—
tection but according to the different operating mode of each power company these guides are not completely applicable.
Taking Sichuan power grid as example and combined with the detailed configuration and setting of grid — related protection the
most common problems of grid — related protection are proposed and finally the solutions for setting values and actuation time
coordination of grid — related protection are discussed and formulated.
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PMU/SCADA

( 610031)

PMU SCADA PMU/SCADA
o PMU
o SCADA
o TEEE 30 o
Abstract: A new state estimation method for bad data detection and identification based on PMU/SCADA hybrid measurement
is presented by making full use of PMU and SCADA measurements. At first the rapid decomposition state estimation is done
on the condition of taking nodes’status values measured by SCADA and then the linear state estimation is done with both state
estimation results and PMU measurements. Meanwhile whether there is bad data or not in critical measurements in SCADA is
detected and identified by using the second linear state estimation to update the residual covariance matrix. Finally the effec—
tiveness of the model is verified by the numerical calculation results of IEEE —30 bus system.
Key words: power system; phasor measurement unit ( PMU) ; hybrid state estimation; bad data detection
: TM7 TA 11003 - 6954(2015) 04 - 0051 - 05
DOI:10.16527/j.cnki.cn51-1315/tm.2015.04.013

( state estimator)

( energy management system

EMS) N o
b SCADA
( phasor measure— 1
ment unit PMU) ( SCA-
DA) o 1.1
PMU SCADA
SCADA g SCADA
SCADA  PMU Zg [h(0u) o,
=l ] @
o A h (6 u) v,
06 7 Z, Z,
v, v, o

e 5]



38 4 Vol. 38 No.4

2015 8 Sichuan Electric Power Technology Aug. 2015
6 P VeVi o PMU
Z, Z, Ipl, ;MU °
Ph.  dh.g
0o ouO [H. H,
H(6 u) = =[ ] (2)
h’ 8h,|:| H’u H" 7 Tp-1 ~lgy Tp-1
Ugp ou U V=(H, 'R, H,) H, R M (9)
n! Op
Op 70
_ I° 0
R 0 [l ] 0 O
_ ] H, = = (10)
R 1: 3 h O .0
0 R (3) Hl g0 I'g
' oc, ¢,0
0 0
t, c¢,O0
(2) H,=0
H, ~0. ! i 1;C,
ok, oh 0 G, R, =
< R ' 0
HTR—lH_Baa “ 90 D_[A 0] [RC 0] .
= A Lohg L0 B 0 R,
U du Tooul
(4) 2
H'(2)YRH(2") A2 =H"(2)R'[z-h(2"")]
(5) .
(4) (5)
AN =o' . PMU
BAu'" =p" (6) SCADA
h," oh’" #y = (diagD) ~'°7 11
(0 _ aa; aaé]R_l c—h( 6 1) . fy = (diagD) 7 (11)
h" ok F=z—hx
b(,) - ‘ y ’ ; ]Ril Z—h(0 u) 0=000 u=ulD ree h( x) " (12)
ou  du D=cov(r) =R-H(H'R™'H) "'"H"  (13)
(7) 1)
1.2 F=z—-h(%) (14)
D,=cov(r) =R, -H,(H'R."H) "'H" (15)
'R, H,
2)
M=H)V+e¢ (8) F=z-h(x,) (16)
H V= vy, T D =cov(r)
e . =R -H (H'R'H) '+H'R'H) " H'
(17)
V.V, L. PMU ‘R, H,

e 52



38 4 Vol. 38 No.4

2015 8 Sichuan Electric Power Technology Aug. 2015
’ 1.08 —e— A H
A WLSIRZS i it
I'n o RH
1.06 K
0. 1 ° S 104 &% ;
Amax P 5 / N ot
Iy > 2 81 3 i \m ’/ By a\m\% #
. Byes WA
0.27% T i A
ko)
0.98
0 é 10 15 20 25 30
o IEEE™T r2 3
3 IEEE 30
3 4, 5
IEEE 30 °
- PMU 8.9.12.24.25 0.04 =
o \{\{LS . ¥ N
1 . Matlab 7. 0. SCA- 0E88| TR [ 1
1003 [-5
DA PMU % o025 \\ 4 b
g ;’ R/ \
102 10 E 002y RV o
0 0 oo T o Vof
PMU SCADA r 0.01 2 \:\"
y 0.005 <
1.1 0w s ey e B ey
0 5 10 15 20 25 30
1.3 o IEEET 2 ¥
2.81(99.5% ) o 4 IEEE 30
0.7
—&—WLS HoQ
06| | e pistoriE | N A
;’; 05 o]
® Y
{04
§ 03 ?,Q
f; 0.2 m : e
® o fog %
0 5 10 5 20 25 30
IEEE A3
5 1EEE 30
SCADA [ / ;
) 4, 5
. / ; ; PMU
O ;A . o
1 IEEE 30 2)
° SCADA
1) P, 30% .
2 3 N 1 o
N o 1 TEEE 30
1.1 — WIS
158 W - "
108 P, 3.52 P, 7.72
o
§ e Py 3.51 P, 6.61
e Py 3.51 Py, 3.79
! v X Py 3.50 P, 2.40
0% ‘ i P, 3.47 P, 1.90
4] 5 10 15 20 25 30
IEEE™ /T % 6 A
2 1EEE 30 7 SCADA

53



38 4

Vol.38 No.4

2015 8 Sichuan Electric Power Technology Aug. 2015
o 2.81 °
4 352 351 35135 W R () 8- 9
ot AINREM ()
2 SCADA .
=
= Ar & T T T T T T T T T T T
4 . 0.01- | EPEEe
b O

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SCADAB W& 1V i ZH 5
(a)  WRIEATRMAREA T EE

3.47 I ) ()

S [ R HEAEE)

=

3 2

iy I

<7‘0 N N . Iulurml'\L., n
15 20 - 30 35

SCADAR il & 3 B 1) R H S

(b)  STHRMIATIR A brE R 2

6 WLS SCADA

gs' 7.72 W 5 ) ()

sl )

&

Sar i
0

12 3 4 5 6 7 8 9 10 11 12 13 14 15
SCADAR BT ATy FA T

(a) WREEANTIRIRMEN A E E

I &.61 WA E )
379‘ T XHRENE)
o Iﬂl [ | I s b L .

20

15

HEAL A
N B @

b

i

n | S
25 30 35

SCADAI il fit 57 B T 40 5

(b) WAL AR R b AL SR 24

7 SCADA
WLS o
3)
SCADA
Qs 30%
2 o
2 1EEE 30
WLS
T ry
0, 0.009 Q0 4.203
Q54 0.007 Vs 2.260
Q.4 0. 006 Q5 1.847
Q, 6 0. 005 Qs _» 1. 805
Q, 0.005 Vs 1.772
2

54«

4 0.008 - C Jxz=zamE)

12 3 4 5 6 7 8 9 10 11 12 13 14 15
SCADAR M B4 m I L4 5

(@) RN AR A

5 EEk)
T 9B E A (H )

15 20 25 30 35
SCADAR & L TIFM 5

(b) ZHGEIA T A AR HE L TR =
SCADA

" Neb2 Q24 RLEE)

JHI‘_ IS
1 12 13 14 15

TR EE(R)

it {2

0;-,-”‘ g J.H.HLM [ 1l .L

25 ;D
SCADAR I8 %250 % 5

(b) BRI bR AL T 2 0
9 SCADA

PMU
SCADA
PMU 10 o

25 R R R ()
J [ RERAREEE)

BRI

o
o

=)

3 4
PMUB I B EAS

(a) TR RIbRAEL TR Z

WG ARERE)| '
o T mimAREEE i

5 ] . lﬂ
7 8 9 10 " 12
PMUE il & B35

(b) SCRE IR 2

10 PMU



38 4 Vol. 38 No.4

2015 8 Sichuan Electric Power Technology Aug. 2015
SCADA
1)
SCADA !
_ WAMS/SCADA .
' 2013 39(11) : 2686 —2691.
SCADA PMU 2 . PMU/SCADA
o 2) : J . 2012
49(559) : 11 - 15.
_ 3 . PMU SCA-
' DA I
PMU 2008 32(14) : 44 —49.
o 4 .
J. 2005 29
(19) :31 -35.

5  G. N. Korres N. M. Manousakis. State Estimation and

Bad Data Processing for Systems Including PMU and

° SCADA Measurements J . Electric Power Systems Re—
search 2011( 81) : 1514 —1524.

4 6 P S Castro Vide F P Maciel Barbosa [ M Ferreira.

Combined Use of SCADA and PMU Measurements for

Power System State Estimator Performance Enhancement

PMU SCADA C . Energetics (IYCE) Proceedings of the 2011 3rd
PMU/SCADA International Youth Conference on. IEEE 2011: 1 -6.
. SCADA 7 R. F. Nuqui A. G. Phadke. Hybrid Linear State Esti—
PMU mation Utilizing Synchronized Phasor Measurements J .
Power Tech 2007 IEEE Lausanne 1665 —1669.
SCADA (1988)
IEEE o
30 ( 12015 -03 -09)
( 43 ) 2 M. Clement D. Daniel J. Borgeal . Developments in MV
1) Neutal Control at Electricite De France J . Cired 1991
(2):14.
(380/220 V) o :
2) C .1997.
4 M .
’ 1993.
5  DLS5033 -94
S .
( )\ 6  DL/T 5063 — 1996
S .
(1984)
1 6 ~35 kV ( 12015 -03 -29)
J . 1996( 5) .

e 55 .



38 4 Vol. 38 No.4
2015 8 Sichuan Electric Power Technology Aug. 2015
1 1 2
(1. 430000; 2. 430000)
('static synchonous series compensator SSSC) FACTS
- SSSC 5
SSSC Matlab/Simulink
SSSC PI o

Abstract: Static synchronous series compensator ( SSSC) is a kind of FACTS devices to regulate line power flow and the volt—
age at access point. The fifth — order nonlinear mathematical model of SSSC containing filter capacitor equation is processed by
input/output feedback linearization to acquire linear equations with the constraints and then the variable structure controller of
SSSC is designed using variable structure control theory. Finally the simulation in Matlab/Simulink dynamic simulation plat—
form verifies the designed controller can achieve the control effect for SSSC and has some advantages compared with PI control.
Key words: static synchronous series compensator ( SSSC) ; input/output linearization; variable structure control; anti — jam—
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( 518000)

Abstract: In order to solve the low fault location precision of transmission lines in high — resistance grounding faults a method
of improving fault location precision by transforming fault recorder system is proposed. The sampling unit of second zero se—
quence voltage traveling wave is added into the existing fault recorder cabinet to receive travelling wave signal and the travel—
ling wave information is sent to dispatching end by relay protection and fault information network. The main station of fault lo—
cation receives traveling wave information and fault presentation which is retransmitted by the main station of relay protection
and fault information in dispatching end and then the fault information is calculated displayed and stored by the main station
of fault location which can achieve the precise fault location. The engineering application shows that the proposed method is
simple to implement and has obvious advantages in reducing fault location devices.

Key words: traveling wave fault location; fault recorder system; voltage traveling wave; main station of relay protection and

fault information
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( 610021)

Abstract: Voltage fluctuation and voltage flicker have become a serious problem with the rapid increase of impulse load in pow—
er system. Based on matrix pencil algorithm a new method to identify voltage flicker parameters is proposed. This method u-
ses the special property of voltage flicker signal model and converts it to the special relationship between matrixes. As a result
the nonlinear question which is difficult to be processed will be simplified. This method not only can accurately extract the fre—
quency and amplitude of flicker voltage wave but also can get accurate information of phase. And the noise effect is restrained
because of the low — rank approximation method when the generalized eigenvalue is to be solved. At the same time the calcu—
lated amount is reduced. The simple flicker and complex flicker which are under the back ground of noise are analyzed respec—
tively and the simulation results show that the proposed method has high precision fast operation efficiency and strong anti —
nose capacity.
Key words: voltage flicker; matrix pencil algorithm; low — rank approximation; harmonics
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1.

( 404000)

Abstract: Inter — district integrated electric energy metering system ( integrated electricity system) provides large amounts of
data for load analysis forecasting and line loss calculation. The abnormal data will cause big troubles and impact the company
index. In order to improve the progress of defect elimination for the system and to assure the accuracy of load analysis fore—
casting and line loss calculation it is studied from two aspects of management measures and technical measures which make
the defect elimination a great progress. And it also ensures the correctness of medium — voltage grid losses.

Key words: integrated electricity system; organization and management; technical measures
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( 610016)

Abstract: It is hard to find a substation which can meet all analogy conditions in substation expansion project. By analyzing the
impact factors of electromagnetic environment in substation the impact forecasting methods of electromagnetic environment on
the extension of substation is proposed that is the electromagnetic value of substation before the extension can be used for the
predictive value of substation after the extension after it is corrected by the number of main transformers and inlet — outlet
lines. Comparing with the actual monitoring value the proposed forecasting method has better accuracy and practicality.
Key words: extension of substation; electromagnetic environment; impact prediction
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Abstract: With the wide application of large cross — section power cables in China the transmission capacity of the cable is al—
so growing. Under the high current the eddy current losses of fixed cleat cannot be ignored. The principle of eddy current of
fixed cleat for power cable is analyzed and a 3D eddy current mathematical model of fixed cleat for large cross — section power
cable is established. Under the consideration of boundary and initial conditions the eddy current losses of fixed cleat for single
cable are calculated with finite element method ( FEM) . The eddy current losses of fixed cleat are obtained after the calcula—
tion and the distributions of magnetic induction intensity and eddy current losses are analyzed. And then the impacts of the
clearance in cable fittings and their thickness on eddy current losses of fixed cleat are discussed. Finally the best clearance in
fittings and the best thickness are proposed combining with the simulation and the actual projects.
Key words: large cross — section power cable; cable fitting; finite element method ( FEM) ; clearance of fittings
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( 610041)

2006 N VAR o

Abstract: The related inspection on investment growth and electric quantity growth shows that there is a significant correlation
between investment growth and electric quantity growth. The empirical research on the relationship between Sichuan investment
and electric quantity since 2006 is carried on by using co — integration theory and Granger causality test and the VAR econo—
metric model is established. The analysis results shows that Sichuan investment can pull the growth of electric quantity but
the growth of electric quantity may not be able to cause the investment growth.
Key words: investment; electric quantity; empirical research
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Abstract: There is uneven distribution of gas flow which leads to the excessive temperature so as to limit the operating parame—

ters of main steam temperature and reheat steam temperature during the operation of 600 MW supercritical units in Zhuhai Jin—

wan power plant. It not only reduces the economy of the units but also influences the security of the units because the local o—

verheating of heating surface enables the rapid generation of oxide skin which causes pipe explosion of heating surface. The

effects of different SOFA air distribution on the deviation of finishing superheater are studied and the best SOFA air distribu—

tion scheme is found out to achieve the effective control of superheater deviation which provides a guarantee for the safe and e—

conomic operation of the units and a reference for solving heat deviation of other units of the same kind.
Key words: supercritical boiler; SOFA; finishing superheater; air distribution; heat deviation
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ASME - PTC6
o 315 MW 600 MW

Abstract: The methods of system correction based on ASME — PTC6 Performance Test Code of Steam Turbines are introduced
and the characteristics of both methods of system correction on reheat steam turbines are studied. The features of cylinder effi—
ciency and unit efficiency methods while the turbine efficiency is unchanged are discussed respectively as well as their advanta—
ges and disadvantages. Through the calculation examples of performance test on 315 MW and 600 MW steam turbine units
the methods of system correction are compared and analyzed and the influencing factors for system correction and its treat—
ments are pointed out. According to the actual situation of performance test it is concluded that the test expansion line method
is adopted for system correction and the cylinder efficiency method is adopted for the treatment of thermodynamic process
line.
Key words: steam turbine; performance test; system correction
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