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35 2 Vol.35 No.2
2012 4 Sichuan Electric Power Technology Apr. 2012

( 610072)

Abstract: According to the strategic planning of State Grid Corporation of smart grid construction the construction of smart
substations has been carried into execution completely. There are significant differences between smart substation and the tra—
ditional substation in secondary equipment and networking the devices of smart substation are more closely linked and their
interoperability is the focus of the system commissioning. Therefore studying the perfect and efficient system — level commis—
sioning method is the key whether the smart substation can be put into operation successfully. On the basis of summing up the
experiences of system — level commissioning of secondary equipment in smart substation the methods of system — level com—
missioning in smart substation are discussed as well as the key issues in the process of system — level commissioning and the
suggestions and solutions are also proposed which can be available for reference in system — level commissioning of smart sub—
station in the future.

Key words: smart substation; system — level commissioning; interoperability
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(1. 610072; 2. 610054)
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Abstract: With the development of economy and the demand of comprehensive energy utilization the State Grid Corporation
advances the goal of building a strong and smart grid. As the important part of the smart grid the smart substation gets a fast
development opportunity. But there is still no flexible comprehensive and reliable test method for the commissioning of the
secondary system of smart substation. Firstly the current situation of the domestic test methods for smart substation is de—
scribed. And then a new test method that is whole scene test method of smart substation is introduced which is based on
power grid simulation wireless synchronization with the transmission and dispersed injection. It brings the test ability of the
laboratory to the site of power system and provides a new test method for the secondary system commissioning of smart substa—
tion.

Key words: smart substation; secondary system; whole scene test; digital simulation; 1588 wireless synchronization; dispers—
ed injection
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( 610072)

Abstract: Because little field test is performed on online monitoring devices for the grounding current of transformer core two
online monitoring devices for the grounding current of transformer core are tested in the field which are installed in a smart
substation in Sichuan province. It is found that these two devices can not meet the requirements for monitoring analyzing and
diagnosing the multipoint grounding faults of transformer core. According to the results of field tests it is suggested that the
quality of these devices should be enhanced and the permission tests should be performed to guarantee its accuracy in power
grid.

Key words: grounding current of transformer core; online monitoring: field test; transformer
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( 610072)

Abstract: The principle of electronic instrument transformer and the on — site test system are introduced firstly. And then
through the on — site test of electronic instrument transformer in a smart substation the problems in the test are discussed and
analyzed which can provide the references and help for the on - site test of electronic instrument transformer.

Key words: electronic instrument transformer; sampling unit; merging unit; electromagnetic field
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ARM  FPGA

12 12 12 23 23
(1. 611731;
2. 611731,
3. 610072)
RISC (‘advanced RISC machines ARM) (field — programmable gate array
FPGA)
— —
20 ps.
; ; ; FPGA ; RISC

Abstract: Aiming at the defects of relay protection testing apparatus that the distribution and transmission of output signal of
merging unit can not be inspected thoroughly a new hardware platform of whole — scene testing apparatus based on advanced
RISC machines ( ARM) and field — programmable gate array ( FPGA) is designed. With the software platform the hardware
platform can realize the whole process of data transmission from electronic instrument transformer to acquisition unit and to
merging unit in the real smart substation which can bring the laboratory tests to the field so that the different faults can be
simulated conveniently fast and safely. It provides a testing apparatus for relay protection in secondary sides of smart substa—

tion. The test results show that the data can be transmitted correctly by the hardware platform and the synchronization accuracy

is 20 ps.
Key words: smart substation; time synchronization; simulation fault; FPGA processor; RISC processor
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Abstract: Putting the reactive power compensation into power system when the position and capacity of reactive power compen—

sation is determined is studied. The

"

electrical distance" is used to divide the grid firstly and a parameter model based on re—

gional voltage distance is put forward by using voltage stability margin theory. Then the optimal input of reactive power com—

pensation in this model is calculated by particle swarm optimization ( PSO) . The results of IEEE — 30 numerical example show

that the proposed parameters are practicable because they can make reactive power compensation much more rational and re—

duce the system losses which provides a better practical value for reactive power compensation in power system.

Key words: reactive power compensation; operational parameter; regional voltage distance; particle swarm optimization

( PSO) ; electrical distance
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Abstract: Based on the basic concept and the structure of wide — area measurement system ( WAMS)  the association of wide
— area measurement technology and regional grid stability is conducted. The research method of regional grid stability based on
WAMS is proposed and the algorithms of optimizing PMU placement in regional grid are discussed including depth first
simulated annealing minimum spanning tree and N —1 safety recursion etc. In addition the relevant applications of WAMS
to the research of regional grid stability are analyzed such as system dynamic monitoring state estimation and stability fore—
casting control system model validation and parameter correction system wide — area protection and fault location fault re—
cording etc. Finally the prospects of WAMS in the application of regional grid are presented.

Key words: wide — area measurement system ( WAMS) ; regional grid; stability
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Pl
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Abstract: The double closed —loop PI control in voltage sourced converter HVDC ( VSC - HVDC) system for grid connection
with wind farms is widely used. But the parameters of PI control are too many to be set. A novel control scheme based on in—
ternal model control is used to improve the setting algorithm of Pl parameters which just needs to adjust one parameter and
makes the parameter setting simple and quick. At the same time the characteristics of PI control could be retained. The simu-
lation results show that VSC — HVDC system based on internal model control keeps the excellent features of double closed —
loop PI control with good robustness high control precision and fast dynamic response.

Key words: voltage sourced converter HVDC ( VSC — HVDC) ; internal model control; PI control; grid connection with wind

farms
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Abstract: Undervoltage load shedding ( UVLS) is an important measure for maintaining the voltage stability of power system.
Optimal load shedding is a problem mixed with discrete variables and continuous variables. A new idea using hierarchical
structure poly — particle swarm optimization ( HSPPSO) to solve the optimal UVLS is presented. Simultaneously the concept
of dynamic security — constrained optimal power flow ( OPF) is employed to develop a model for optimal UVLS which takes
the minimum quantity of load shedding as the ojective function. Finally taking IEEE 39 — bus system for example the results
of HSPPSO are compared with the results obtained by other two evolutionary approaches like particle swarm optimization
( PSO) and genetic algorithm ( GA) . It can obtained that HSPPSO can get the minimum quantity of load shedding under the
same stability margin and interation numbers which has shown the good flexibility in solving UVLS problems.

Key words: power system; voltage collapse; optimal load shedding; undervoltage load shedding; hierarchical structure poly —
particle swarm optimization
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(1. 610041; 2. 610065;
3. 400023)

Abstract: With the unbalanced distribution of regional resources and the imbalance in economic development and electricity
consumption a large amount of electricity with high quality and lower price from small hydropower can only sell out through
large power grid. And the conflicts between local and provincial power grid make the electricity with lower price from local
small hydropower difficult to be sold out leading to the non — optimal allocation of resources. The term of " virtual electricity"
is proposed and it is believed that it is an effective way for the optimal allocation and rational utilization of electricity resources
by developing virtual electricity trade. A game — based model is set up to analyze the profit relationships among local power
grids provincial power grid corporations and major electricity customers. The result of solving the model shows that when the
selling price of small hydropower lowers to a certain extent and the reliability differs a little from provincial power grid the vir—
tual electricity trade not only can solve the problem of difficult — selling of electricity with lower price but also can promote the
reliability and safety of local electric power grids and improve the utilization efficiency of small hydropower resources.

Key words: virtual electricity; virtual electricity trade; game theory, small hydro — power
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10 kV

( 528400)

110 kV
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Abstract: Switching the power supply in a closed loop of 10 kV lines can improve the continuity of power supply. However
the operation may fail due to the ring current arising in the closed loop as a result of the difference of voltages and phases be—
tween the two sides of the closed —loop switches and loads. Based on the calculation of simulation software and practical oper—
ating experiences the operating principles of switching the power supply in a closed loop of 10 kV lines in Zhongshan Power
Grid are summarized which plays an important role in reducing the grid risk during closed —loop operation and improving the
reliability of power supply.

Key words: distribution network; closed — loop operation; closed —loop current; surge current
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1 2 2 3 4
(1. 610041; 2. 610039;
3. 614900; 4. 610072)

Abstract: The UV method and UHF technology are used together to detect partial discharge of electrical equipment in switch—
gear and then a kind of partial discharge detection device for switchgear is developed. The device can achieve an accurate i—
dentification of partial discharge of electrical equipment by detecting the UV pulse and UHF signals that are radiated in the
process of partial discharge and has many advantages such as fast action high sensitivity strong anti — interference ability
and low cost etc. The measuring principle of UV pulse method and UHF technology are studied the signal processing method
of UV part and UHF part are presented respectively and the hardware design of this device is also presented. The rod — plate
corona discharge test is carried out and it proves that the device can detect the discharge of different intensity accurately and
the discharge intensity can be relatively reflected too.

Key words: partial discharge; UV pulse method; UHF method; switchgear
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(1. 610039; 2. 610072;
3. 614900)

Abstract: Aiming at the secondary system in the substation with independent ground grid the ways of lightning surge on in—
coming services are analyzed and the damage mechanism is also briefly analyzed. According to the different ways of lightning
surge invading secondary equipment the field test is carried out taking an actual substation as the object and the impulse po—
tential rise in each case is measured and the potential difference is calculated. Finally according to the measured data and the
calculated results some problems existing in the lightning protection ground of secondary system in such substation are ana—
lyzed and the rectification suggestions are proposed.

Key words: independent ground grid; secondary system; lightning protection ground; counterattack
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Abstract: 500 kV GIS devices manufactured by ABB company in general have little operation experiences so the devices
running in Maoxian Substation have exposed many hidden dangers in recent years. The problems exposed in three — phase in—
consistent operation are analyzed and some improvement suggestions are proposed.

Key words: ABB switch; three — phase inconsistent protection; hidden danger
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UAPCPlatform

( 510520)
UAPCPlatform

1 ’ ’ 1

Abstract: The tap changer control ( TCC) function of converter transformer is introduced the basic principles of two kinds of
control modes for TCC of converter transformer based on UAPCPlatform are described and the advantages and disadvantages of
these two control methods are analyzed which has a certain reference significance for Tian — Guang HVDC operation and ma—
intenance after the reconstruction of control and protection system.

Key words: converter transformer; tap changer; firing angle; extinction angle; voltage
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300 MW FSSS

1 2 2

(1. 638500; 2. 710032)

31 ( FSSS) DCS
FSSS

s MET ;
Abstract: Through the analyses on the hardware and software design before and after the technical reconstruction for furnace
safety supervision system ( FSSS) of No. 31 unit in Huadian Guangan Power Generation Co. Ltd the merits and demerits in
FSSS design by using new and old DCS systems are summarized. After overcoming the weakness it can eliminate the security
risks in the hardware and software for the long — time operation of the unit and improve its reliability and ability of safe and e—
conomic operation. It also provides a reference for the reconstruction of similar unit.

Key words: furnace safety supervision system ( FSSS) ; MFT cabinet; oil — gun ignition optimization; reconstruction
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18

600 MW

( 236158)

Abstract: There are many speed control methods for AC motor such as variable — frequency speed control speed control by
changing the number of pole pairs speed control by changing the slippage speed control with resistance series — connected in
wound rotor circuit and so on. Among them the speed control by changing the number of pole pairs has been widely used be—
cause of its low transformation expense convenient maintenance and operation and higher reliability.

Key words: electric motor; double — speed; circulating water pump; energy conservation
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Abstract: Based on the working principle of microturbine and its power electronic converter an overall model of microturbine

generation system with dual PWM converter is established. In order to maintain the capacitive voltage of AC/DC converter a

constant voltage control method is used for the rectifier. And in order to ensure the power quality of load side V/F control is

used for the inverter to realize the stability of voltage and frequency. PSCAD/EMTDC software is also used to simulate and

verify the dynamic characteristics of microturbine generation system. The results show that the actual dynamic characteristics of

microturbine generation system can be reflected by the model.

Key words: microturbine generation system; modeling; dual PWM converter; characteristics analysis
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( 617100)

500 kV

Abstract: For the leading phase operation condition of Ertan Units in low water period the benefits brought by saving water via
reducing the number of operating units are analyzed. The curves indicating the maximum capacity of absorbing the reactive
power of whole station is drawn by computing the desired voltage of 500 kV grid when there are three units in operation. The
curves can reflect the real capacity of absorbing the reactive power by the units and main transformer which is verified by the
real operating data and indicate that the operation in three units can satisfy the demands of voltage regulation. The results can
be applied to decide how many units in operation will satisfy the demands of system voltage regulation.

Key words: restriction of low excitation; leading phase operation; water consumption rate; reactive power loss
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Abstract: While monopolar or bipolar blocked in HVDC converter station the subsynchronous oscillation ( SSO) may occur in
the generating unit nearby HVDC converter station. So a subsynchronous torsional protection ( torsional stress relay) scheme is
highly required to protect generator shafts from damage caused by subsynchronous resonance( SSR)  which may cause some
parts of generator shafts ( such as shaft coupling) broken. The subsynchronous torsional protection and supplementary excita—
tion damping controller( SEDC) demonstrate their effectiveness in detecting subsynchronous vibration and protecting generator
shafts.

Key words: subsynchronous oscillation; torsional stress relay; supplementary excitation damping controller

:TK474 B 11003 - 6954 (2012)02 - 0078 - 07

( subsyn— ( HVDC)
chronons resonance SSR)
(HVDC.PSS.SVC ) ( subsyn-— o

chronous oscillation SSO) ;

N N N 1
. (Aw A6)
1977 Square Butte (AV A6,
CU.IPP. Ri- o
hand — Deli. Fenno — Skan
o IEEE ( Aa)
SSR AV, Al);

.78 .



35 2 Vol.35 No.2
2012 4 Sichuan Electric Power Technology Apr. 2012
SSO.
HVDC SSO
( ATe)
( 4 x600 MW
) 90° . N N N
N N600 - 16.67/538/538
o QFSN - 600 -2 -22B
1,
A AV INA Al
—_ —> 1
Aw A8, Aa=Aa +AG, AP,
/Hz
= HVDCE%“ 1 2 3 4 5
B3 3 5h (E EE.Yﬁi}
(HFEEB) EIhER 13.115  25.095  29.330 — —
AT,
1 HVDC
1 2
SSDC 1 2
2
o HVDC
4 x 600 MW
85 km 500 kV 500 kV
500 kV
( tor-
1I
sional stress relay TSR) SSO
3 000 MW +500 kV
2007 10
( 2 )
ZIRE ©
3 TSR
N © wux
CSC -812
(TSR) CSC -812
K
g PAZFR REZWIY TSR
= A\ i
BSkm/S00KV +500kV (TSR
) 2 TSR
=T TSR TSR
- TSR
2
TSR
SSR 1) TSR SSO
2) TSR TSR

79 .



35 2 Vol.35 No.2

26i2 4 Sichuan Electric Power Technology Apr. 2012
3) SSO 4 600 MW 3525 s 210 MW,
TSR 4 3 0.41 rad/s 2 kWh
o 4104 70 MW,
4) TSR 1%
4 TSR
1% TSR o
1 0.33 rad/s 5 kWh 1)2008 3 31 HVDC
7951 s 180 MW . 2 TSR
2 0.21 rad/s 6 kWh 3 4,
=]
b s CSC—-3 125302 v Alae 4 7 20 48is
o G n (B RS i pnmcl oot DO OB G
==
AR

[eeerw @]  Z#zesmzeam b4 = MEER

3 TSR

P s CSC-B125 45 2 et 3 £ 233 (R
(i &) o (E s s oo DO O RIEKES X

4 TSR

« 80



35 2 Vol.35 No.2
2012 4 Sichuan Electric Power Technology Apr. 2012

=]

[s5.23% ©] SCH:1.45M/1.45M 3T lgenee & xfl:l
5
1 0.129 1 -0.129 7, o
2 0.3839 -0.3839; 3 5
0. 121 -0. 121 3. 3 3
3 0.2
2 20 s o
. 3) 6 .
2) 5

81«



35 2 Vol.35 No.2

2012 4 Sichuan Electric Power Technology Apr. 2012
6 HVDC ler SEDC) o
3 3 6.1 SEDC
SEDC
5 SSO
RTDS
( TSR)
( N SEDC
) SSDC N
TSR o
SSO TSR SEDC
CsC 7.
-812( TSR) o 6.2 SEDC
2010 6 23 CSC -811P
6 SEDC ( SEDC)
600 MW N
SSO SSDC 8 /
SEDC 3 2 o
SSO SSO SEDC 3 2
0.063 34 s, SEDC
( supplementary excitation damping control—- 3 2 0.199 12 s,
Pex
o
RS
=TT
' bR SeA :3 L]
_ 3 ae |

HlfE B T+ A2 B 28

Balis

SPAAIGE 24
(A3%)
VR S EEE T

O EE
SEDC [ 5172 AFm [ 825 98 i

W 5 i T o =

7 SEDC

e 82

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



Vol.35 No.2

35 2
2012 4 Sichuan Electric Power Technology Apr. 2012
3% & & B rh—3=H,
0.08 . . . . ' , r
FI.SEDC
0.06
— 0.04
g
E
~ 0D.02
¥2
-3
1 o
]
g -0.02
=
-0.06
' 5 10 15 20 25 30 35 40
AYiE ( s)
8 3 2
Qﬁ:ﬁfiﬂéﬂ?h—d% 1N
0.05 . : . '
—— X SEDC
D03 - ) —— 3% A SEDC
0.03
£ ooz
=
ﬁ, 01
1 o
g -0.01
g 0.02
ol -0.03
-0.04
eSS s 0 5 >0 - 30 35 20
atial ¢S
9 4 2
I AP D 2 &3
0.04 y v . . b ;
FEsEDC
0.03 1T A SEDC
— 0.02
€
=~ 0.01
¥3
s
1 o
=
# 0.0
v
=
-0.03
-0.04 i 1 i L I i i I 1
o 5 10 15 20 25 30 35 40 a5 50
BY(al ¢ s
10 3 2

83



Vol. 35 No.2

35 2
2012 4 Sichuan Electric Power Technology Apr. 2012
IZF B 39

0.2 T T T T Ll T L T
F.SEDC
015
@ 01
~ 0.05
¥
=
| 0
8
el
d -0.05
=
E@‘- -0.1
015
_02 1 1 1 L L L 1 L
5 10 15 20 25 30 35 45 50
BT (@ (s )
11 3 2
9 !/ SEDC
7
4 2 .
SEDC 4 ) SSO SSDC & TSR
SSO
0.041 32 s; SEDC 4
SSDC SEDC
2 0.127 20 so SSO TSR SSO
10 / SEDC .

3 2 SEDC & TSR
SEDC 3 2 SSDC SSO
0.041 50s.  SEDC 3 550

2 0.194 12 s. ’
11 /  SEDC 3 ( 1996)
2 o
SEDC 3 2 0. 092 (1982)
33 s; SEDC 3 2
( 12012 -02 - 15)
0.244 13 so

-

e84

B I I I I I I I I i

I e



35 2

Vol.35 No.2
2012 4 Sichuan Electric Power Technology Apr. 2012
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: ('static var compensator SVC) .
SVC .
SVC SvC

; SVC; ) ) ;

Abstract: The influence of generator excitation system and static var compensator ( SVC) on the stability of long — distance
transmission system is great. A nonlinear coordinated control of SVC and generator excitation is presented to improve the tran—
sient stability of power system in the presence of large disturbance. Firstly a model including SVC and generator excitation is
developed. Then based on the differential geometric feedback linearization method of nonlinear system and the optimal control
theory of linear system a rule of optimal nonlinear coordinated control for SVC and generator excitation is designed. The con—
trol signal can realize the localization and avoid the remote signal transmission. Simulation results show that by use of the pro—
posed control strategy the stability of power angle and voltage can be improved.

Key words: excitation system; static var compensator ( SVC) ; nonlinear control; differential geometry; feedback lineariza—

tion; voltage stability
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Abstract: Taking the automatic generation control ( AGC) of 600 MW unit in Guangan Power Plant for example the indica—

tors required by the "two rules" when AGC is put into operation in thermal power unit are introduced in detail and the control

strategies of AGC are optimized and perfected in four aspects that is

sponse speed regulation accuracy"

AGC system after its optimization can meet the performance requirements pretty well.

"rate of putting into operation regulation capacity re—

according to the problems exposed when AGC is put into operation. Finally it proves the

Key words: two rules; automatic generation control ( AGC) ; control strategy; response speed; regulation accuracy; optimiza—

tion
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?‘3 14 1.5 16 ., 17 1.8 1.9 2 IMC - PID I
21 2007 27(28) :90 -95.
3 Sonali Dasgupta Gayatri Agnihotri . A Control Strategy of a
4 VSC HVDC System for Power System Enhancement J .
TEEE Computer Society 2009 6(9) : 549 —554.
PID 4 Robinson G. Joés VSC - HVDC Transmission and Off-
- shore Grid Design for a Linear Generator Based Wave Farm
J 2009 1(9):54 -58.
PI (1984)
PI VSC - HVDC ( 12012 -02 - 14)
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