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ABSTRACT

The power distribution network in China's power system usually adopts closed-loop design and open-loop operation
for power supply. When the power distribution network needsto be maintained, the cl osed-loop operation isgenerally
adopted for load "hot inversion”. This paper mainly takesthe 10KV power distribution network in the 13th five-year
plan project of FuZhou city power gridin JiangXi province asan example, and smulatesit based on PSCAD/EMTDC.
To solve the problem that the relay protection device may misoperation due to the inrush current during the closed-
loop operation of the distribution network, and ensure that the phase difference in the both sides of the closed-1oop
point is minimum, or adjust the transformer connection to reduce the voltage difference between the two sides of the
closed-loop point to reducethe current ,reducetheincidence of accidents, improve the security and reliability of 10 kv

power distribution network.[1]

Keywords: Pscad/Emtdc, power distribution network loop operation, relay protection, inrush current phenomenon

1. INTRODUCTION

1.1 Development background in foreign countries

Theinternationa conference about power distribution
networks, heldin Belgiumin 1983, discussed thedesign
and planning of utility power systems, industrial power
grids, power digtributionnetworks, cabling and overhead
lines, trandformer substation equipment and distribution
network management and monitoring systems. This
conference puts forward the planning and construction
of power digtribution network based on the power supply
requirements of distribution network to improve the
reliability of actua operation of distribution network.

Abroad, theresearch on power supply of distribution
network is generally early, and the knowledge and
theoretica sysemisrelatively complete and mature. As
early as1998, the power supply reiability of medium-
voltage distribution network in Britain had reached
99.988%, that of other countries, suchas99.984%in
America, 99.991% in France, and 99.999% in Tokyo
electric power company in Japan.

Developed countriesin Europe have perfect power
digtribution networkswith advanced syssems and high

degree of automation. The remote monitoring of
distribution station, circuit breaker and line segment
switch has been basically realized. It has basically
completed therulesand proceduresfor the maintenance
of digribution network abnormdlitiesand faults. Through
the use of distribution GIS systemto reasonably deal
with distribution network scheduling, power failure
complaints, fault treatment and repair, improve the
degree of automation of the system. For example, the
20kV medium-voltage distribution network in the
distribution network systemin France hasbeen basically
automated; theltalian ENEL company hasmorethan
80,000 low-voltageswitching and clogng inthe courtry,
it hasrealized the remote operation of dl thedistribution
networksin the country; the distribution automation
system has been built in Berlin, Germany in 2009,
reducing theaverage annua power outagetimefrom72
minutesin 2008 to 14 minutesin 2009

1.2 Development backgroundin China

Dueto thelate start and other factors, China's power
fadilitieslag behind the development of foreign countries,
and the domestic distribution network and distribution
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network automeation arerelatively weak compared with
other basic power grid construction.

Asearly asthe end of 2004, the state grid proposed
the strategic goal of building astrong smart grid with
ultra-high voltage network as the backbone and
coordinated development of power gridsat all levels.
This concept was formally put forward in the 2009
UHV (Ultra High Voltage) power transmission
conference, i means Chinabeganto planand carry out
the upgrade and transformation of smart grid from
2009.The goal isto have the agreed strong power grid
fully operationa by 2020.1

At present, the 10KV distribution network hasbeen
built in some parts of China, however, it isstill inthe
exploratory stageto establish acomplete and advanced
criterion of closed-loop operationin distribution network.
With the developmentyconstruction and popularization
of power grid planning, it is necessary to establish a
simulation model for the 10KV power distribution
network in order to further improve the reliability of

power supply.

WORKING PRINCIPLE OF 10KV NETWORK
POPULAR IN CHINA
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Fig1schematicdiagram of 10KV ring network working principle
In this paper, two high voltage lines and two
transformerscongtitutearing power supply network for
example line Lisconnected to theno.1 transformer, line
2 is connected to the no.2 transformer, and the Ring
Main Unit isinstalled to form aring network power
supply line. Whenthefirst line or the first transformer
needsto berepaired or fails, the power can be supplied
by switching thelineto the second lineand the second
transformer. When line 2 or transformer 2 needsto be
repaired or fails, power supply can be carried out by
switching thelineto line 1 and transformer 1 to improve
thereliahility and continuity of power supply.
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1.3 Safety provisionsof closed-loop operation

During thefunction of 10KV digtribution network, when
the closing ring is needed, the uninterrupted loop
switching technology should be adopted, Throughthe
corresponding switch, the power supply lines are
interconnected according to acertainruleor frequency,
forming a closed-loop, and realizing the uninterrupted
transfer of voltageload. Generally, theclosed circuit has
the same voltage class, but it containstransformers of
various voltage classes, so thevoltage dassof the closed
circuit is different. If closed loop and break loop
technology is adopted, the power flow distribution,
technical operationand system shall beensured to meet
the rated standard of component load and meet the
following safety requirementsstipulated by Chind?:

1) during theclosed-loop operation, it isnecessary
to ensure the phase uniformity of the closed-
loop point and to determinethe specific position
of the phase points beforeand after the closing
operation so as to ensure that no phase point
changesoccur after the sysem overhaul or the
first closing operation.

2) inthedectromagneticring network, loop closng
operation shall be carried out whenthereisno
group differenceinthetransformer boundary of
thering network.

3) make corresponding predictions for system

componentsto avoid overload during the closed-

loop operation.

during the operation of electric power system,

the voltage difference of busbar between the

closed-loop point shall be limited to no more

than 9%.

5) ensurethat the safety automeatic deviceand relay
protection device can be compatible running in
thering network.

6) ensurethat the stability of 10KV distribution
network meets the requirements during
operation.

7) ensurethat thefrequency differenceduring grid
operationisnot morethan 0.1Hz.

Before closed-loop operation, thevoltageamplitude
difference and phase Angle difference on both sides of
the dlosed-loop point should be adjusted to theminimum.
For example, thedlowablerange of amplitude difference

4)
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of 200KV ring network system is 20% to 30%, the
dlowablerangeof load phase Angledifference of 500KV
ring network systemis10% to 20%, and the dlowable
range of load phase Angle differenceisnot more than
20°.

closed-loop operation must ensurethat the phaseis
the same, and the power flow of each link after loop
closing meetstherequirementsof relay protection, sysem
stahility and equipment capacity.

1.4 Common Technical problemsabout the closed-
loop operation

Closed-loop operationwill changethe origina network
results, and thereare many uncontrollable circumstances,
leading to adanger and many uncertainfactorsto closed-
loop operation. Therefore, this paper lists several
commonimproper operation Stuations.

1) non-synchronous closing: since all 10KV
switches in the distribution network are not
equipped with corresponding synchronous
switches, attention should be paid to this
guestion. and single power supply doesnot have
thisproblem.

2) phase sequence and phase difference do not
meet therequirements, leading to thefailure of
closed-loop operation, so ensuring phase
sequence and phase difference is one of the
prerequisitesfor closed-loop operation.

3) whenthe closed-loop of voltage vector and the
total impedance of ring network doesnot meet
to the requirements. It also means when the
equipment is overloaded for closed-loop
operation will change the original network
gructure. After theloop closing operation, the
current flowing throughtheelectrica equipment
inthelineisfar greater thanthesafety current of
the equipment, which may causetheélectricring
network and the complex electromagnetic ring
network, and endanger the life safety.

4) whendosngtheloop, therewill beahugeimpact
current. When theimpact current reachesthe
action condition of therelay protection device,
the corresponding protection action will be
triggered. However, too much current change
before and after loop closed will lead to failure
of ring closing operation or even make closed-
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loop operation very dangerous.

5) after thedosed-loop operation of thedistribution
network, the network structure and state will
change correspondingly, whichmay lead to the
misoperation of therelay protection device, thus
making the network structure more complex and
chaotic.

6) dfter theclosed-loop operation of thedistribution
network, dueto the change of the short-circuit
impedance, therewill be short-circuit and other
gtuations, resulting inahugeshort-circuit current
that will impact the electrical equipment inthe
line, and too large short-circuit current will
damagethe eectrica equipment and affect the
srvicelife.

Themainreason for thesetechnical problemsinthe
processof closed-loop operation isthat when the non-
standard closed-loop operationiscarried out, therewill
bealargeimpulse current on both sidesof the closed-
loop point, whichwill increasethe closing loop current.
If the closure processfails, the closure current isthen
analyzed and a mathematica model isestablished. To
analyzethe causes of thesetechnical problems. Next,
wewill analyzetheloop current and establishthe relative
mathematical model. To analyze the causes of these
technical problems. During the simulation of power
digtribution network closed-loop operation, the above
improper operationswill also be carried out to analyze
thesmulationresults. The short-circuit impedance after
closing the loop involvesthe principle of power flow
distribution, which | will so mention below.

2. MATHEMATICAL MODEL OF CLOSED
LOOP CURRENT

Thecalculation of the closing loop current includesthe
caculaion of theimpulse current occurring at themoment
of operation of the closing loop and the circulating
current after the closing loop.

2.1 Calculation of circulating current

We define f asthe current onthe line before closing the
loop, }* asthetotal circulating current onthe line after
closing theloop, and | . asthe steady-state circulating
current caused by the differential pressure on both sides.
Assuming that the pressure difference betweentwo sdes
doesnot changeinthe processof loop closng, according
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to the superposition theorem, the expression of total
circulating current can be obtained asfollows.
I'=1i+I; Formula (1)

! need to record before closing theloop, thetotal
impedanceinthe loop network can be caculated, and
thevoltage vector difference on both sdesof theclosng
point can be divided by thetotal impedance of theloop
network. !, U7, Z-, Zz; canbe obtained by adding the
total resstance and tota inductanceinthering network,
and the expression of, isasfollows!. z ...

Zyg=R+jol Formula (2)
U
I, = gch Formula (3)

U, Isthevoltage vector difference on both sides of
theclosing ring point;
Iz isthetotal impedance of ring network;

2.2 Calculation of impulsecurrent

Because the power system is symmetrical in three
phases, the analysiswith either phasewill not affect the
final results. As an example of A phase instantaneous
impulse current generated by the anadlysisof closed loop
operation, closed-loop operation from transient to
steady state, this process is A process of oscillation
damping, and the network isthe presence of inductive
components, impact current itself with periodic and
aperiodic component, so you can establish time-domain
differentia equationto solve closed loop inthe process
of impulse current.

. di
Upe = Eppsin (wt +a) = Ri, + Ld—tt

Formula (4)

E,.istheamplitude of the 7, equivalent potential;

« IStherated angular frequency of the system;

« IStheinitial phaseAnglewhichisthe phaseAngle
when: = ay

i.Istheinstantaneousvalue of current at themoment
of closing loop;

¢ isthetime after closing theloop;

L % Voltage applied to theinductor element;
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The general and special solutions of the
nonhomogeneousdifferential equation are obtained by
solving theupper differentia equations.

Thegenerd solution of the equationisthe aperiodic
component of theclosed loop current

e () =e™ R/D t{%sin[a - ¢]} Formula (5)

The particular solution of the equationisthe periodic
component of theclosed loop current

fe (£) = ﬁsin(wt +a—¢) Formula (6)

E,.istheamplitude of the 7, equivalent potential;

« IStherated angular frequency of the system;

¢ Istheset factor Angle of impedance power which
can beobtained by using formula(6) and ¢ = tan’ (<££);

The specific value can be obtained according to time
by inserting the factor Angle of impedance power into
the above equation. t According to the above equation,

it can be known that the amplitude of the intermediate
component of the closed loop current is

. Formula (7)

L., =
™ JR2+w212

Theimpulse current isexpressed asfollows

Ir = I40(t) + i, () Formula (8)

i, = —I,e”R/Disin[a — ¢]

+ Ipsinfwt + a — ¢]

Formula (9)

It can be seen fromthe formulathat the magnitude
of the impulse current is affected by the amplitude
difference and the phase Angle difference of the voltage.
It can be seen that the effect of voltage phase Angle
difference is greater. The purpose of the following
simulation isto proceed from these two aspects. By
reducing the phasedifference of thevoltageon both sdes
of thedosedloop, theimpulse current can be suppressed.
When, isany number, the aperiodic component is zero,
that isto say, the component that kegpsthe current from
changing iszero, and the closed-loop circuit isabout to
enter the steady state. o — ¢ = xx Then, the impulse
current reachesitsmaximumvalue. o — ¢ = —.

Therefore, themeximuminstantaneousimpulsecurrent
will occur at the second half of the operation period
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in=ly * Ky = Iy (1 + e~%0%/7)

Formula (10)

T :; is the decay time constant of the aperiodic
component of the closed loop current;

Ky =1+ E‘LJ istheimpact coefficient;

Since there may be a caculation error, we will
introduce an error coefficient,, then the following
expression for the maximum instantaneous impulse

currentx;, K, =1.05

iy=Ks el oKy Formula (11)

K, = 1.05

K. iserror coefficient;
Finally, the effective value of the maximum
ingantaneousimpulsecurrent is

Formula (12)

Iy = ’% [1 + 2(KsKy — 1)2]z Formula (13)

The effectivevaue of indantaneousimpulse current
can be obtained from the above formula, and the setting
vaueof quick break protectionincurrent protection can
be set by using the effective value. In order to prevent
thelargemoment impulse current caused by the current
protection misoperationand affect the successof closed-
loop operation

3. MODEL CONSTRUCTINGAND RUNNING
BASED ON PSCAD/EMTDC

3.1 Overview of the Development of 10KV
distribution network in FuZhou city, JiangXi
province

During the 13th Five-Year Plan period, FuZhou will invest
4.373 hillionyuan to build itspower facilities. According
to the plan, Fuzhou will build amodern smart power
grid with 1000KV as the support, 500KV as the
backbone, 220KV asthe main grid frame and 110KV
and below as the distribution network. In 2020, the
220KV substationwill befully covered, the power supply
capacity will be doubled, the supporting capacity of the
power grid will be comprehensively improved, and the
power supply guaranteelevel of theindustria park will
beimproved. Bascaly solvethelong-term*“low voltage”
problem, effectively meet the economic and social
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development and theincreasing demand for electricity.
And according to the national planning direction, can
mekethe power resources condtitute moreenvironmenta
protection and hedlth, vigoroudy develop thewind power
facilitiesin JangXi province. “The old urban areaisthe
urban center of Fuzhou urban area. After a period of
development, this part hasreached agood and stable
level. Becausethe 12th Hve Year Plan and transformation,
inadditionto remotearess, isgill araresnglelineformy
lines and switching stations have been built to connect
linesat thesametime, badcdly givepriority to withdouble
loop network connection mode, for economic
development to acertainlevel, gradualy formed double
loop network, ring network and two for the power supply.
Fuhe River astheboundary in Shangdundu town ylineis
asingleradiationline, thereliability isnot high. During
the 12th Hve-Year plan period, the power supply through
the substation will gradually form the double-loop
network hand-in-hand connection mode to meet the
reliability requirements. Fubei district ismainly used for
industrial eectricity. Therearetwo industria parkshere.
The current situation is single radiation connection.
Becausetheloadinthisareaisvery largeincrease, and
thewiringisalso relatively smple, the sngleradiation
wiring is<till adopted.

3.2 Liaison diagram and closing system diagram
of JinChao 10KV ring network

[r=

JinChao power station

aurpmsulr

aury oBlfuLf

Fig. 2 contact diagram of ring network

Figure 2 isthe electrical wiring diagram of 10KV
loop network of JnChao power gtation.From JinChao
get two power cord access platinum Shuian switching
gtation JnCheo line, WuTong first and second line access
to platinum Shuian, JinChao substation and platinum
Shuian erected by these few linesformed by switching
station, once the JinChao first and WuTong first and
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second line need repair or malfunction, only need to
removethelineof fallurepoint , through platinum JnCheo
power station appearsfrom the other sdeof the power
supply to ensurethe other except fault point load power
supply, improve therdliahility of power supply.
radiationinthe horizonta plane.

3.3 The ssimulation model based on the PSCAD /
EMTDC software

3.3.1 Modeling
”({KV_ .| LinChuan Line YuChao Line
11 Generatrix ~ ~
S, I l St
v
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>C No.2 Main Transformer ‘ -
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Fig.3 Power flow diagram of distribution network

According to figure3, We used PSCAD / EMTDC
softwareand rlevant parameterssuch astheload power
and busvoltagesbefore dosed-loop to build asmulation
model of 10kV digtribution network system, thechange
of current and other related parametersduring the closed-
loop operation of 10kV distribution network was
smulated onthe basisof the smulation model.

Thelineisoften used asmedium short distances of
transmission line and short distances of underground
cablefor power supply. We used pi equivaent circuit to
equivalent lineand We chose coupled pi sectioninstead
of nominal pi section. Becausethe coupled Pl sectionis
closer to theactual use of JnChao 10KV Loop network
in Fuzhou City in Jangxi Provincethan nomind pi section
and It can makethe smulationresult iscloser tothered
vaue. The couple pi section can provide the appropriate
fundamenta impedance, but it isnot suitableto smulate
other frequencies except the fundamental frequency.
Therewill not affect the smulation experiment resultsin
thispaper.

According tofigure 3, We selected two generator
transformersarethree-phase two-winding transformers

with the same model and parameters of dataplate, to
promotethe symmetry of digribution network operation.
First, wechosetheided transformer of three-phasetwo-
winding transformersasthereference group referred to
the corresponding component library of PSCAD/
EMTDC. Thecurrent was 120A after the smulation of
closed-loop. ThenWe selected Nonideal transformer
of three-phase two-winding transformers in the
component library of PSCAD/EM TDC to smulatethe
real transformer inthe closed-loop operation and We
measured the current was 119A after the closed-loop
operation. Theerror caused by thetransformer is about
0.83%, which can beignored. However, we still chose
thenonided transformer to eiminateinstead of theideal
transformer which ignoresMagnetized branch and only
reserves equivalent series leakage reactance of
transformer. We used PQ decomposition method to get
the preliminary smulation results and use the modified
equationto rearrangeand smplify formula.

AP _[H N][ AS
[AQ] - [1 L] [AU/U
Strong coupling between thereactive power and the
voltage dso between the active power and thefrequency,

so We neglected N and j in formula(14),and then
smplified formula.

[AP]:[H 0” AS ]
AQ o Lilauju

According to formula (15), We cloud caculate the
power flow digtribution of theline.

Formula (14)

Formula (15)

3.3.2 the ssimulation of closed-loop

Fig.4 The building smulation model on PSCAD \ EMTDC
software
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Fig.5 Multimetersin the simulation model for corresponding
Parameters.

At two sdesof theclosed-loop, Ul andU2 arethe
voltage, 1, isthevoltage difference, 11and 12 are the
current. 1, isthe closed-loop current.

According tofigure 3, Webuilt the smulation model
which is shown in Figure 4 based on Power flow
digtribution. Rated voltagesare 10KV of the generator
transformer 1# and the generator transformer 2# . We
referred datumto get theload flow distribution before
closed-loop, asshownintable 1.

Table.1 the load flow distribution before closed-loop

P+jQ(MW,M Var) P+jQ(MW,M Var)
S1:19.03+j2.01 S6:4.03+0.36
S2:2.65+4.13 S7:0.65+j0.012
S3:14.31+{1.6: S8:14.31+{1.6
$4:0.65+j0.011 $9:2.65+j4.13

S$5:0.12+j0.003 S10:70.6+j12.3

We simulated the operation of closed-loop inthe
10KV looped network simulation model, the time of
closed-loop was preset at 0.3s. We got the limp was
165A during the smulation and then the loop current
was gradually stabilized at 120A. The error between
120A whichloop current had shownassimulationand
119A which current is actual value was about 0.83%,
s0 wethought the smulation modd isreliable model.

Thetimeof limpisvery short for the purposeat hand.
But it maybe cause mafunction of power System Relay
Protection Equipment. We can use suitabletime-delay
relaysand digital relaysto prevent thiskind of problems.

3.4 Parameter-Settings and analysisof simulation
results

In the process of closed-loop simulation, the bus
waveform and datawas measured asfollows
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Fig.7 thewaveform of closed-loop’s current

Figure6’s annotation: the time unit of abscissais
second, and the ordinateisthe measured current.

We et the time of distribution network ssimulation
model is 1sand made closed-loop occur in0.3s. Then
We measured the stable closed-loop’s current was 87A.
The symbols X and O separately represented the
ordinates beforeand after closed-loop and the symbol
3% isthe difference between two moments. The Min
was minimum current during the operation of closed-
loop, instead, the Max was the maximum value of the
current, namely limp, their unit two were KA.

Asshownin Figure 6, thewaveformof |1 and 12
werecoincident, 11 and | 2 separately represented section
Il bus current and sectionalbus current of 10kV
distribution network.

Accordingtofigure7, Theinitia valueof the current
was 0, the current rised sharply fromQto 2349A after
0.3s. It was consstent with the closed-loop occurred in
0.3s. Only after closed-loop canthere becurrent inthe
line.
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Fig.8 thewaveform voltagedifferenceand current of 914 line
after closed-1oop
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Fig.9 thewaveform voltagedifferenceand current of 928 line
after closed-1oop
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Fig.10 thewaveform voltagedifference and current of 908line
after closed-1oop

According to figure 8, The current of theline 914
decreased from87A to 69A compared with that before
closed-loop, the voltage difference on two sides had
changed to OV since 0.3s, because of closed-loop.
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According to figure 9, The current of theline 928
increased from81A to 126A compared with that before
closed-loop, the voltage difference on two sides had
changed to OV since 0.3s, because of closed-loop.

the horizontal plane and the direct radiationinthe
horizontal plane are obtained. By comparing withthe
guery data, we can seethat the model can accurately
reflect theactua Stuation.

We measured thelimp isabout 107A inaseries of
smulation, so wethought the smulation modd isbuilt
reasonably.

3.4.1 The analysis of voltage

We used PSCAD \ EMTDC to build the closed-loop
operation model and found that the voltage difference
before closed-loopin keeping with therule, the voltage
difference ontwo sdeshad changed to OV since closed-
loop, Thecirculating current at the point of closed-loop
wasmainly caused by the cycle power.

3.4.2 The analysis of current

The Magnitude of thelimp and the steady-state current
at the moment of closed-loop exceedthethreshold value
of current quick-break protection, and then automatic
reclosing was switched after the instantaneous
overcurrent protection. Becausetheamplitude difference
and phase difference of the voltage on two sides of the
closed-loop Hill existed, thecurrent of theline 1511 could
not decrease. According to figure 8, the current had
exceeded the threshold of circuit two-stage protection
which dday action after littletime suchas0.5s However,
the current of point 6 intheline 1511 rapidly increased
caused the line trippingyit made circuit two-stage
protection cannot be switched. According tofigure 9,
thecurrent of theline 908 wassmdler than the threshold
of current quick-break protection. If thecurrent quick-
break protection wasnot switched immediately when
theflashy flow occurredin theline 914, it maybe cause
accidents Andlly, wethought whenthevoltage difference
at two sides of closed-loop exceed the corresponding
threshold, thenthecirculating current becometheflashy
flow causeof theswitching of relay protection equipment,
it maybe damage to electric accessories and affect the
safety and reliability of the power grid working. When
we hoped the current of closed-loop operation was
reasonable, we needed to take action to reduce the
voltage difference of the busline and the branching line.
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4. THEANALSISOFIMPACT FACTORSON
CLOSED-LOOP CURRENT

4.1 Theinfluenceof voltagedifferenceon two sides
of closed-loop on current

The amplitude of thecirculating current isrelated to the
voltage difference. We built the closed-loop mode based
on PASCAD\EMTDC investigate the influence of
variousvoltage difference on closed-loop current. We
set up the voltage difference more than 20% in the
smulation, then we measured the voltage difference at
two side of closed-loop was 10.5KV and 15KV, the
current inthelinewas 3797A whichisthe Max asshown
inthe figureybecause thevalue of current wastoo high
to keep electric accessoriesworking. According to the
rule, we should not to make thevoltage different more
than 20%, and then we can operatein safe environment.
So it isimportant to ensurethevoltagedifference up to
gpecificationwhich can effectively limit current for the
purpose at hand.

40—
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t 4588
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Fig.11 the voltage difference at two sides of closed-1oop

If we changed the value of thevoltage difference at
two sides of closed-loop to 10.5KYV, the circulating
current was small and stable, it would the safety and
reliability of closed-loop operation. it wasthus clear that
the closer the value of the voltage difference and the
safer theoperation of closed-loop.

4.2 The influence of the frequency difference on
two sidesof closed-loop current

Thereareawaysthe frequency differenceand the voltage
difference at two sides of closed-loop for the purpose
at hand. We built the mode to simulate the frequency
differenceto investigate theinfluence of variousfrequency
difference and phase-angledifference on closed-loop
current.
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Fig.12 Thesimulation of thefrequency difference at two sides
of the close-loop

We changed the frequency difference at two sides
of the close-loop though changed the frequency of the
AC power. Whenwe set up the frequency at two Sdes
of the AC power was50Hz and 49.9Hz. According to
figure 12, thelimp was 1697 A. Evenif the frequency
differencewasonly 0.1Hz, it wasvery harmful to the
whole system. So we should not ensure the frequency
difference morethan 0.1Hz to operatethe close-loop.

If the phase differenceistoo large, it will generatea
large current. It isvery dangerousto operateinthisin
this case. The phase angle difference between the two
sdesof theclosed-loop isaffected by the parameters of
thesystemand thedistribution of the power flow. Inthis
paper, we used good modified equationsto reducethe
phase angledifference between closed-loop inthe 10KV
closed-loop smulation moddl. The phasedifferencewas
reasonableinthe simulation every time. So wethought
thesmulation model isreliable model.

4.3 The influence of €electric accessories on two
sidesof closed-loop current

Thetransformersastwo sides of closed-loop will
operatein pardlel for ashort time, so we should select
transformersthat meet the requirements:

1) Thetransformer unit should be assame asthe

another.

2) The impedance potential difference of
transformers between closed-loop should less
than 10%

3) The ratio of the maximum capacity to the
minimum capacity of transformersshould less
than onethird.

4) Theturnsratio of transformersshould beasthe
same asthe another.
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Fig.13 Thesmulation of 50% turnsratio of transformers at two
sides of the close-loop

We verified the ideas above through the 10KV
closed-loop simulation model and We changed the
parameterstoinvestigatetheinfluence of varioustheturns
ratio of trandformerson closed-loop current. We changed
theturnsratio of transformersto reduce50%, the current
increased rapidly and exceed thethreshold, the maximum
current was5489A and theminimumcurrent was3162A
during thesimulation. Inthiscase, evenif the voltage
difference and thefrequency difference wasreasonable,
thelargecurrent would damage electric accessorieseven
persond safety.

To summarize, we need check the phase sequence
and the phase between the closed-loop, we need ensure
the frequency and the amplitude of the power asthe
same as the another power before operation of the
closed-loop.

For the purpose at hand, the working personnel
make the phase AOB and C work separately through
the phasing adjusment. When electric accessories saults
or overhaul and maintenance, the working personnel
should check the phase between the loop switch to
ensurethe phaseisthesamewhenthey adjust voltagein
the operation closed-loop.

Finally, we think the simulation model of 10KV
closed-loop operation isaningtructive experiencefor
the purposeat hand.

CONCLUSION

We built the smulation of 10KV digtribution network in
Fuzhou City, Jiangxi Province based on PSCAD/
EMTDC. Then we measured the current OvoltageO
power of the closed-loop and so on, we needed judge
if safety of the operation of the closed-loop according
to parameters and waveform of the bus and line. It
awaysoccurstheflashy flow whenthe dirculating current
morethanthethreshold of rday protections. Inthispaper,
We investigated the influence of the voltage
differenceOthe frequency differenceOthe phase difference

Chengbua Chen

onthe close-loop current, we presented the concluson
and recommendations about limit the current through
changing thetransformer tap which canreducethevoltage
differenceof the close-loop, we aso needed ensurethe
frequency difference and the phase difference was
reasonable. we think the simulation model of 10KV
closed-loop operationisan instructive experiencefor
the 10KV distribution network.

For the purposea hand, we caneffectively and safely
guide 10kV closed-loop operation when we observe
the procedures. It can not only reduce the outage
frequency, but also improve the stahility and continuity
of the power supply. Infact, it can ensurethat theload
for level ‘land a will not power supply failure or
interruption. And it can improve the convenience of
residents’ livesastheload for level bl to improvethe
economy of power supply. We take Zhongshan City as
an example, according to yearbooks, there are more
than 1200 times of mesh ring switching power supply
have been carried out since 2010. It ismeanthat outage
time of eachlinereduce 15 minutes. The averageload
of each line usually is3MW, so we can calculate that it
produces 90000 KW/h electrica energy. According to
1KW/h dectrica energy could be equivaent to thegross
output value of industry about 22.14 yuan, and the
socioeconomic performancewas 6.35in 2010 year. It
could bring the benefit equivalent of the gross output
vaueof industry and the gross output value of industry
was 1.99 millionyuan and 570 thousand yuan. So it is
very important to be able to make mesh ring switching
power supply efficiently and safely.
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