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Optimization and reliability analysisof themain wiringin power plant——
Take 2400mw ther mal power plant asan example
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ABSTRACT

With the rapi d development of economy, the power industry isfacing amore severetest. How to ensuretherdiability
of power supply is the primary consideration of every power plant and substation. This paper will introduce an
improved method of main wiring, which can improvetherdiability of mainwiring. At the sametime, it will alsointroduce
several algorithms commonly used in the reliability analysis of eectrical main wiring in power plant substation -
minimum cut set method, GO method, and so on. Sdlect atypical examplefor analysisand cal culation. Finally, through
theintroduced reliability calculation method and the mathematical model of the main wiring, through the calculation
and analysis, the reliability of the main wiring before and after the optimization is compared, which proves that the

optimized main wiring formismorerdiable.
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At present, the problem of energy shortagein our country
is becoming more and more serious, and the unstable
operation of eectric energy often occurs (for example,
substation failureleadsto awiderange of power outage).
Asthe power isnot easy to store, thereisthe need for
timely useof power generation characteridtics, if acertain
areaof power supply failure, will be alot of waste of
energy. Inthe redlity of energy shortage, how to use
limited energy morereliably isan urgent problem.

This paper mainly introducesthe reliability analysis
of the mainwiring and theimprovement method of the
main wiring inthethermal power plant. The substation
can be used as areference.

1. MAINWIRINGOPTIMIZATION SCHEME

Inthe analysisof current conventional thermal power
plants, wefind that most of the electrical mainwiringin
large and medium-sized thermal power plants usually
adoptstheformof oneand ahalf circuit breaker or double
buswith bypasswiring, in which the high-voltage side
often uses oneand ahalf circuit breaker wiring, and the
low-voltage sde often uses the form of double buswith
bypass wiring. Through the research, we will take a

2400MW thermal power plant asanexample, and use
theagorithmto caculatetherdiability of itsmaindectrica
wiring. Thesmplified mainwiring diagramof thethermd
power plantisshowninFigure 1.

F gure 1 main wiring diagram of 2400mw thermal power plant

Asshownin the main wiring diagram, the thermal
power plant uses 2 x 600MW units to supply 500kV
voltageleve; 4 x 300MW unitsto supply 220kV voltage
level. The 500kV side adopts the wiring form of one
and ahalf circuit breakers, whilethe220kV side adopts
thewiring form of double buswith bypass.
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Throughinvestigation and analys's, inthe previous
mainwiring form, the generaor outlet isconnected with
thebusinthe plant after being boosted by theunit wiring,
and then the power is supplied to each outgoing line
through variousformsof mainwiringin cooperaionwith
the outlet circuit breaker (asshowninFigure 1). This
connection modeiswiddy used in large power plants.
In the process of my research and learning, | found a
morereliableimproved connection mode. Therefore, the
author putsforward aspecia application of theclassica
connection form of double buswith bypassbus, that is,
unit connection directly supplies power to the bypass
bus. The schematic diagramisshowninFigure 2.

Figure 2 Schematic diagram of power supply from unit wiring
to bypass bus

Inorder to andyzethe reliahility of the power supply
form and facilitate the comparison of the reliability
differencesbefore and after the use of thewiring form,
this paper takes the main wiring in Figure 1 as an
example, and combinestheimproved schemewith the
main wiring form of 2400MW fire power above. The
optimized mainwiring diagramisshownin Fgure 3.

Figure3 mainwiring diagram after optimization
Throughtheoptimization diagram, we canknow that
inthe 2400mw thermal power plant, we have improved
the mainwiring form of 220kV side double buswiring
with bypass, and the partial enlarged diagram of 220kV
sideisshownin Figure4. At the sametime, in order to

make abetter analysislater, we aso enlarge the 500kV
side, as shown in Figure 5. Through comparison, an
isolation switch QS98 isadded to theright side of the
main wiring of the optimized 220kV side, so that the
generator G6 can directly transmit theelectric energy to
the bypass bus Wp through the step-up transformer,
smilar to thedirect power supply to thebus, and there

isno needfor abreaker here.
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2. RELIABILITYANALYSISMETHOD

Inthe processof reliability analysis of mainwiring, if the
mainwiring systemisrelatively smple, the main wiring
canbeidedizedinto seriesor paralel sysemfor analysis.
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However, for the mediumand large-scalethermd power
plants as mentioned above, the systemis complex and
cannot bedirectly reduced to pardlel or seriessystem.
For this system, there are many different analysis
methods, such as minimum cut set method, GO method,
fault treemethod, etc.

Among them, the minimum cut set method and the
fault tree method are based on the fault introduction
oriented analysismethod, whilethe GO method isbased
on the stability probability oriented analysis method.
Because the analysis process of fault tree method is
greatly affected by human subjective factors, this paper
will use the minimum cut set method and GO method
which are commonly used in thereliability analyss of
mainwiring, two different types of analyss methodsto
andyzetherdiahility of the mainwiring. Four analytical
methods are described below.

2.1 Series system

Aslong asany part of the systemisout of linefault, it
will lead to thefailure of the whole sysem. Thissystem
is called series system. For the ideal systemin series,
therdliability Rs of each component isoften multiplied,
thatis

n
RS:RI'RZ'"“Rn:l_[Ri
i=1

Formula(1)

Wherer, k., -, R,aetherdiability of eech ement and
systeminthe series system. It should be noted that the
series system mentioned hereisnot aseriessystemin
the common sense. For example, the capacitor paralle
shownin Figure 6, because any one capacitor fails, the
whole systemwill not work normally, so the capacitor
pardlel sysemisaso called aseriessystem.

B

4“7

|
C2

Figure 6 parallel connection of capacitors
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2.2 Parallel system

When all parts of the systemfail at the same time, the
wholesystemwiill fail. Thiskind of systemiscalled parald
system. For theideal paralld system, it isoftenused to
multiply the unreliability £, of each component, and then
caculatetherdiabilityr by r, =1 — F; thatis

FE=F -F, - -F, =[lx;F; Formula(2)

R, =1-[IL, F Formula(3)

F,,F,, -, Fyintheformulaarethe unreliability of each
component and thewhole syseminthe seriesidedlized
Sysem.

2.3 Introduction tominimum cut set method

For the more complex mainwiring system, that is, non
seriesparalld system, themost commonly used analysis
method isthe minimum cut set method. Inacomplete
system, the minimum subset of the set of components
that will lead to systemfailureisdefined asthe minimum
cut s&t. Intheminimum cut st, aslong asany component
inthe set isnot failed, it will not cause systemfailure.
Thisalso showsthat all componentsinthe minimum cut
set must befailed inorder to causesystemfailure. Through
the definition, we can andlyze that the components of
each minimum cut set areconnectedin paralel. Because
of thefailure of any minimumcut set, the sysemwill fail,
and thereisaseries relationship between the cut set and
the cut set.

For atypica non series paralle system bridgetype
network, asshowninFgure 7, sncethistype of network
cannot be reduced to series or parallel system, the
minimum cut set method is required. There are four
minimum cut setsinthissystem.

Table 1 minimum cut sets in bridge networks

Serial Components Serial Components
number in cut set number in cut set
1 AB 2 AED
3 CD 4 BEC

Y | C

E

E | D

Figure7 bridge network



8 Yuwei Lin, Yilian Huang, Xinmiao Su, Chenghuna Chen and Li Xu

If A and B fail at the sametime, that is, if thefirst
minimum cut st falls, thewhole bridge network will fail;
gmilarly, if A, Eand D fail at the sametime, thet is, if the
second minimumcut st fails, thewhole bridge network
will fail, aswill the third and fourth minimum cut sets.
Therefore, the bridge network can be simplified as
follows

Firstly, the componentsin each minimumcut set are
connected in parallel, because the componentsin the
minimum cut set will fail only whenthey fail at the same
time. At thesametime, each minimum cut st isconnected
in series, becausethefailure of any minimumcut set will
lead to thefailure of thewhole system. By andlyzing the
bridge network inFgure?, it canbesmplified asfollows

ereelEl-
Figure8 equivalent reliability d|agram of brldge network
Inorder to caculatethereliability of the system, we
will combine the minimum cut sets. Inthe caculation
process, we use ¢, to expressthe m-th cut set. If the
probability of failure p¢c3) is, then the system’s
unreliabilityz is
A, =P(CLUC,UC3U - UC,

U--U Cn)
Formula(4)

2.4 GO method introduction

GO methodisanew concept of systemreiability andyss
technology. Itsanaysis method can be approximated to
graphic solution. Themain principle of GO methodisto
takefunction flow astheguide, andyzethe systemfirst,
list the minimum path set that meetsthe conditionsone
by one, thenanayze and mergethe circuit, lig thelogical
relations of different componentsin different Situations,
and then draw the equivalent go of thesyssem Figure, so
asto cdculatetheinput source of the syssemfromgo to
theoutput unit, 0 asto obtainthereliahility of thesysem.
By using GO method, therdiahility andyssof thewhole
system can betransformed into therdliability analysis of
the corresponding equivalent units in the system. In
addition, GO method can beused to andlyzethe minimum
cut set that leadsto system obstacles.

In using GO method, we must understand the

establishment of go graph,GO method, operator and
signal graph. Inthe process of buildinga GO diagram,
you must first understand the common operatorsinthe
go diagram, asshownin Figure 9. Inaddition, there are
many operators of GO graph, which will not be
specifically introduced inthisarticle. Inthe power plant
main wiring analysis, the detailed use method will be
introduced inthe next section.
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Figure 9 standard operators of go chart

The metacomponents or subsystemsinthe syssem
can be caled cdls Thefunctionsof cellsand their logical
relationsarerepresented by operators. For different cell
functions, different typesof operatorsare used. Each
operator has its own operation rules, functions and
requirements.

Signal flow representstheinput signal and output
signal between each unit and door component of the
system and the relationship between each unit
component. It iscomposed of two attributes. tatevaue
and state efficiency. When the system diagram is
equivalent to GO diagram, the number and signal flow
of operators and operators must be marked well, and
al marked out must be unique, and the drawn diagram
cannot be less than part of the input and output. GO
operation isthrough the probability dataof each different
operator and the probability state of this operator,
through theinput end of the systemto the output end,
and finally get the state of the systemoutput signal.

It canbeseenfromtheaboveandyssthat inasmpler
sysem, padld sygsemandysisand seriessystemandyss
areoftenused, but inamore complex systemsuchasa
power plant, theminimum cut set method and go method
should beused for rdiability anaysis.
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3. MATHEMATICAL MODEL OF
RELIABILITY OF MAIN WIRING
EQUIPMENT

Reliahility isdefined as “the probability that components,
equipment, systems, etc. complete their specified
functions under specified conditions and within a
predetermined time.” Generally, reliability indexesare
measured by numerical value. Generdly, four kinds of
indexes of power systemreliability areasfollows:

(1) Probability index for the system or mainwiring

equipment to completetheindicating function.

(2) Theexpectedfailuredaysinthemiddieof ayear
arefalureindicators.

(3) Thefrequency index of thefailurein unit time.
(4) Timeindicator of theduration of thefailure.

In the main wiring, the reliability of the electrical
components directly affectsthereliability of the main
wiring of the power plant. Before cdculating therdliability
of the main wiring, the mathematical model of the
reliability of theequipment (circuit breaker, disconnector,
transformer, generator, etc.) inthe mainwiring should
be established first. The reliability model of each
equipment isasfollows, inwhich thereliability of each
equipment isrepresented by g,

3.1 Transfer probability matrix

Before studying the reliability model of electrical
eguipment, it isnecessary to know the satetransition
probability matrix. Every element of the matrix is
nonnegative, and thesum of all elementsisequal to 1.
Each element is represented by probability, which is
transferred to each other under certain conditions, so it
is called transfer probability matrix. The transition
probability matrix method can be used to caculatethe
state of a system when the state changes, and the
transition probahility can be used to caculate the state
after thesysem changes. Inshort, if therearethree sates
of some articles, A, B and C, and the number
ISn,. ng, n respectively. Inthediscrete-time system,
if the gate changesafter 4+ time, and the corresponding
trangtion probability isshown inthetable2 below
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Table 2 Transfer probability

After
transfer
Before A B C
transfer
A Pa Py Pyc
Pgy Pgp Ppc
C Pca Pep P

Note: itindicatesthe probability of transtionto sae
B after timefor anobject withinitial stateA.

If the number of objectsingtateA, B and C after sz
timeisn,, Nz, . thenit can be calculated by the
following formula

[Na Ng N¢]=[na ng nc]
Paa Pap  Pac
X [PBA Pgp PBC]
Pca P Pec
Formula(5)

Throughtheaboveandys's, we can get the number
of acertainkind of goods after statetranstion through
the probability matrix of state transition. For the
continuoustime system of electrical equipment, when
tendsto O, the above analysiswill be applicable to the
continuoustime system.

3.2 Rdiability model of circuit breaker

Asthecircuit breaker isan operable equipment, it can
be divided into the following five tatesaccording to its
actua operation condition according to itsinfluenceon
the components within the protection scope: non
operation, non expangonfault, expanson fault, planned
maintenance and normal operation gate. Inadditionto
thenormal operationstate, the other four Sateshavethe
same impact on the system. However, the planned
maintenance state and thergjected action sate are non
random, and they will only occur under specific
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circumstances, in which the planned maintenance sate
will occur within the specified time, and the rejected
action will appear only when there is a command to
reguireitsaction, and will not appear whenthereisno
command action. In addition, the extended faults and
non extended faultsarerandom. T herefore, these states
need to betreated differently, and thefallure modes of
thecircuit bresker arevarious, so thefive saerdiability
model is proposed. In conclusion, the reliability
mathematical model of thecircuit breaker isshownin
Figure 10. The probabilities of the five states are

PF\ PM\ PS‘ PR\ PN rmlvdy.

Figurel0 Mathematical modd of circuit breaker reliability
Among them:

F - refuseto move;

M - planned maintenance status,

S-extended fault Sate;

R-non expanded large fault state;

N - norma working state;

x.and y isthetrangtion probability between various
dates, where isthefalurerateand istherepair rate. As
shownin Fgure5, the specific meaning isasfollows.

1y~ Maintenance rate from normal operation to
planned maintenance;

»¢ - failureratefromnormal operation state to non
operation dtate;

»,- failure rate from normal operation state to
extended failure state;

1y~ failureratefromnormal operation state to non
expansion fault sate;

wy,~ repair ratefromnormal operationstateto planned
maintenance sate;

us- Switching rate fromfault to non extended fault
dae;

ug- repair rate from non expanded fault state to
norma state;

For the establishment of the reliability model, the
transfer probability matrix method described abovewill
be used inthis paper. Thetransfer probability matrix of
thedircuit bresker can be obtained fromthe mathematica
model of thecircuit breaker in Figure5 asshowninthe
followingtable 3

Table3 Transfer probability matrix of circuit breaker

After
Before N " F R S
N 1—Ay Ay Ap Ag Ag
=
— A
— A
M Ly 1 0 0 0
— KM
F 0 0 1 lg 0
— Hs
R R 0 o 1 0
— HKr
S 0 0 0 lg it
— Hs

Becausethe probability of the circuit bregker infive
states is p.. Py. Ps. Pz. Py respectively, and the
probability will not changewhen thecircuit breaker has
datetrandfer, that is, the probatility of the circuit breaker
infivestatesafter tatetransferisp,, py. Ps. Pg. Py-
Thefollowing formulacan belisted

[Py Py PrPr Ps]=[Py Py PrPr Ps]X
11—y — A — g — A A Ap AR As
KM 1—pm 0 0 0
0 0 1—us Hs 0
HR 0 0 1—pgr 0
0 0 0 Hs  1—us
Formula(6)
The equationscan be obtained:

(—Am — Ap — R — A)Py + Pyiim + Prug = 0
PyAy — Ppuy =0
PyAr — Ppus =0
PyAg + Prps — Prug + Psps = 0
PyAs — Psps =0
Formula(7)
AMONGE, + By + B + Ry + By =1
Theprobability of thecircuit bresker under thenormd
working conditioncanbeobtained by combining (6) and (7):



Optimization and reliability analysis of the main wiring in power plant

ﬂs+/1f+ﬂR

AMm As+ﬂf
Py=1/1+—
N /( +uM+ + KR )
Formula(8)

3.3 Reliability modd of transmisson line, generator
and transformer

The mathematical model of transmission line, generator
and transformer reliability issimilar to that of circuit
breaker, but compared with circuit bregker, transmission
line, generator and transformer will not refuseto operate,
and will only have extended fault. According to the
anaysis, thenormd operation rdiability model isshown
inFgure11

As

Figure11 Transmission linerdliability mathematical model
Thetrander probaility metrix isanalyzed asfollows

Table 4 Transition probability matrix

After
transfer N M R S
Before
transfer
N 1 Ay 0 Ag
— iy
—
M 10y, 1 0 0
— Hm
R HUR 0 1 0
— URr
S 0 0 Hs 1

— Us

Theformulaand the analysis processarethe same
asthe reliability model of the circuit breaker, and the
probahility of transmissonline, generator and transformer
under normda working condition can beobtained through
theequation group
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3.4 Busréliability model
For thebuswith switching operation, therdiability modd

can be andyzed by thereliability modd of transmission
line, generator and transformer, such asformula (10).
For the bus without switching operation, three state
model can beused for analysis, and itsreliability model
isshowninthefigurel2 Shown
. H S
Ay l J As
Figure12 Three-state reliability model

Thetransfer probakility matrix isanalyzed asfollows:

- Sl = | Hs

Table 5 Transition probability matrix

After
Before N M S
N 1—Ay Ay A
—
M Hm 1—um 0
S Ug 0 I
— Hs

Similarly, by analyzing the equations, we can get the
probability of normal working state of bus without
switching operation asfollows:

AM | 4s
Po=1/(1+2M 4 28
N /( UM Hs

Formula(10)

3.5 Summary of electrical equipment reliability
model

For dircuit breakers, the probability of reliable operation
By IS

As+A
Py=1/(1+24 4 5777
M

+ AS+A]"+AR)
KR
Formula(11)
For transmissonlines, generators, trandformersand buses
with switching operation, the probability of reliable
operationisg,




12 Yuwei Lin, Yilian Huang, Xinmiao Su, Chenghuna Chen and Li Xu

For thebuswithout switching operation, the probability
of reliable operationis P

Av | As
Py=1/(1+—+—= F la(13
N /( +.UM+MS ormula(13)
4. RELIABILITY ANALYSIS AND

CALCULATION OF EACH OUTGOING
LINE

In the process of reliability analysis of main wiring,
becausethewiring formisnot completely symmetrical,
thereliability calculation process of different outgoing
linesisdightly different. Therefore, the 12 circuit outgoing
lineand onecircuit standby outgoing line of mainwiring
in Figure 8 are divided into three groups, WL1-WL3,
WL5-WLI12,WL4 and standby outgoing line, and two
different reliability calculation methods are used for
andyss.

Among them, the reason why wl1-wlI3 is divided
into onegroup isthat inthe 500kV side, oneand a half
circuit breaker wiring, the electrical energy of thethree
groups of outgoing lines can not be directly obtained
fromthe power supply through the disconnector circuit
breaker. Power must be obtained fromthe busonthe
500KV side.

The reason why WL5 WLI12 is divided into one
group isthat they are all on the 200kV voltage level
dde, and they are all powered through the wiring form
of double buswith bypass, and they dl passthroughthe
samebus, so they are consdered to bethe sametype of
outgoingline.

The reason why WLI4 and standby outgoing line
aredivided into one group isthat on 500kV side, two
outgoing lines of them can be obtained from the bus,
and they can also be obtained directly from the power
supply through the disconnector bregker without passng
throughthebus.

At the same time, in this chapter, the difference
betweentherdiahility of themainwiring after optimization
and before optimization will be analyzed and calculated
rigoroudy. Becausethe optimizationiscarried out inthe
form of 220kV side double bus belt bypass wiring of
themainwiring, thereis no impact onthe outgoing line

of oneand ahdf circuit breakersat 500kV sde. That is
to say, it only hasasignificant impact ontherdiability of
wi5-wl12 outgoing line. Therdiability comparison before
and after optimizationwill be analyzed and calculated in
Section 3.3.

Inthe process of analysisand calculation, theletter
Risused asthereliability coefficient.

4.1 Reliability coefficient of primary electrical
equipment

Reliability coefficient can also be called probability of
reliable operation. In order to facilitate subsequent
calculation, reliability coefficient g, isused later inthis
chapter to represent probability of reliable operation.
By referring to the manual of electrica primary side
equipment and substituting the parameters into the
reliability mode of electrica componentsintroducedin
Chapter 8, it can be concluded that inthe mainwiring of
Figure 3, thereliability coefficient of each component is
asfollows:
B Reliability coefficient of generator g . = 0.9%;
B Reliability coefficient of circuit breaker
Raqr = 0.9926;
B Reliability coefficient of disconnector
R.qs = 0.9981T;
B Reliability coefficient of transformer
R.r = 0.0068;
B Reliability coefficient of busr ,,, = 0.9991.

4.2 Reliability analyssof outgoingline WL 1-WL3
(minimum cut set method)

4.2.1 Analysis and calculation process

Inthissection, the minimum cut set method of complex
network agorithmwill be used to analyzethe reliability
of wi1-wl3 threecircuit outgoing line. At the sametime,
withintheerror range, some equipment will be combined
for analyss.

Analyze the power source of the three groups of
outgoing lines. Combined with theform of mainwiringin
Figure 8, thereliability equivaent diagramasshownin
Figure 13 can be obtained. Through the diagram, the
reliability of thethree groups of outgoing lines can be
andyzed.
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500kV

220kV |

a b
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Figure 13 WL1, wl2 and wl3 equival ent

AB lg

Note: inFigure 13, thefollowing four generatorsare
from 220k V side; modulesaand B arecircuit breakers
at 500kV sde. C. Module D isthe equivaent component
of threewinding transformer; modules E and F arethe
equivaent components of disconnector circuit breaker
before eectric energy flowsinto 500kV bus; modulesl,
AC,AD and L arethe equivaent componentsof 220kV
side transformer and circuit breaker; modulesU ~AB
are the equivalent components of 220kV bus; the
eguivalent component diagram conformsto theerror
range.

WhereR,. Rg. Rp--Ryc. Rypisthereliability of
each equivaent element inthefigure
Smplifyfigure13:
It isassumed that the electric energy canflow out of the
generator, and the reliability of passing through the
equivalent element [-M-U or I-N-V isg_,. That isto
say, thereliability of any generator at 220kV sidethat
can enter into the busat 220kV sideis. So in 220kV
sde, therdiability can be consdered asfour rdiability in
parallel. At the sametime, through the above analysis,
thevaueof reliability canbe obtained:

Rap = Rg Ry - ((Ry - Ry)//(Ry - Ry))
= 0.99 x 0.9968 x 0.9926
X (0.9981 x 0.9991 x 2
—0.99812% x 0.99912)
= 0.979522
Formula(14)

Inparallel withfourg ,,,, al the equivalent elementson
the 220kV side can be combined into one equivalent
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element, which is represented by | module, and its
relidbility coefficient isg;.
Ry =Rap//Rapn//Rav//Rab
=1- (1 - Rab)4
= 0.9999998241 Formula(15)
Combine the generator at 500kV side with the
equivalent component A, which is represented by a
module, with a reliability of r,. combine the other
generator at 500kV sdewith theequivalent component
B, whichisrepresented by B module, with areliability
of rg
R, = Rz = 0.99 X 0.9926 x 0.9981 = 0.980807
Formula(16)
Through the smplification of the abovetwo steps
and the analysisof the minimum cut set method inthe
previous chapter, the equivdent reliability diagramof the
systemisshownin Figurel4.

Figure 14 equivalent reliability diagram of WL1, wi2 and wl3
outgoing lines

At thispoint, the equivalent circuit diagram can no
longer be smplified, and it needsto beanalyzed by the
minimum cut set method. The minimum cut set of the
equivaent reliability isshownintable.

Table6 WL1, WL2, WL3 minimum cut set

Minimum Components Minimumcut ~ Components
cut set number in cut set set number in cut set
1 AIB 2 AID

3 CiB 4 AXB

5 CKB 6 AJD

7 CD 8 EF

9 GH 10 CF

11 DE

From the principle of using the minimum cut set
method, we canknow that only when all components of
theminimumcut st fall a thesametime, thewholesystem
will loseits function, so there isa parallel relationship
between the components of the minimum cut set; at the
sametime, any failure of theminimum cut set will lead to
thefailure of thewhole sysem, so theminimum cut sets
arein series From the above anadysis, we can get the
following amplified grgph of minimum cut st reliability.
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Figure 15 riability diagram of equivalent minimum cut set of
WL1, LW2 and WL 3 outgoing lines

It can beseen fromfigurels

R, =R,/ /R //Rs =1—(1—-Ry) (1 —R;)- (1-Rg)=0.999999999935203

Formul a(16)
R, = R,//R;//R; = 0.999999900089197

Formula(17)
Ry = R.//R;//Rs = 0.999999090089197

Formula(18)
Ry = Ry//R;//Ryg /Ry = 0.999999968211093

Formula(19)
Rs = R¢//Ry//Rs = 0.999990420457797

Formul a(20)
Re= Ry //R;//Rp = 0.990000420457797

Formula(21)
R, = R.//R, = 0.99993976

Formula(22)
Re = Rz//R; = 0.9995858559860482

Formula(23)
Ry = Rg//Ry = 0.999751931328175

Formul a(24)
Ry = Rc/ /R = 0.999934878308541

Formul a(25)
Ry, = Rz//Rp = 0.999934873308541

Formul a(26)

From the above data and applying

R, =R, -R,---R, =%, R;,therdiability g, of WL1,
w2 and wi3 can be obtained.

Ry =Ry Ry Ry =1l R =
0.999196333236071 ~ 99.92%
Formula(27)

4.2.2 Conclusion

Through the above analysis and calculation, it can be
seenthat thereliability of WL 1, wl2 and wi3 outgoing
lineshasreached ag a204y. Inthe 500kV outgoing lines,
thepower plant isdesigned to supply two outgoing lines
to a500kV substation at the sametime. Inacomplex
large-scaethermal power plant, thethree outgoing lines
can beconsidered reliable.

4.3 Reliability analysis of outgoing line wi5-wl12
(GO method)

4.3.1 Analysis and calculation process

Themainwiring diagramisshownin Figure8. Consdering
that the main wiring before and after the improvement
affects the reliability of this type of outgoing line, a
comparative analysiswill be conducted inthefollowing
analysis. For WLI5-WLI12 outgoing line, takewl5 as
an exampleto analyzeitsminimum path set (in order to
meketheminimum path set smpleand clear, no isolation
switchisadded inthisandyss, just add it inthe subsequent
cdculation), asfollows:

L1:(G1,QF1,T1,QF31,W1,QF21,WL5)

L2:(G1,QF1,T1,QF31,W1,QF29,Wp,WL5)

L3:(G1,QF1,T1,QF31,W1,QF29,Wp,W2,
QF21,WL5)

L4/ L5/ L6 supplies power to another 600MW
generator, whichissimilar to thelast three path sets;

L7:(G3,T3,QF17,W1,QF21,WL5)

L8:(G3,T3,QF17,W1,QF29,Wp,WL5)

L9:(G3,T3,QF17,W1,QF29,Wp,W2,
QF21,WL5)

L10/L11/L12,1L.13/L14/L15andL16/L17/
L 18 supply power to the other three 3S00MW generators
onthe 220k ide, smilar to the last three path ets,

L19:(G6,T6,Wp,WL5).

TheL19 path set isthe minimum path set of the new
disconnector intheoptimized mainwiring. It canbeseen
fromthe minimum path set that al 18 sets of minimum
path setsexcept L 19 passthrough W1. Therefore, itis
considered to consider L19 as an additional
congderation, and findly paralld it with thefirst 18 sets
of systems.

ThebusW1 inthemainwiring istaken asthe node,
and theminimum path set isanalyzed separately.

The minimum path set from power supply to bus
Wlis

LW1: G1,QF1,T1,QF31,W1;

G2,QF2,T2,QF30,W1;
G3,T3,QF17,W1;
G4,T4,QF18,W1;
G5,T5,QF19,W1;
G6,T6,QF20,W1.

Theminimum path set frombus\W21 to load outgoing

linewl5 can bedivided into thefollowing
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LL1: W1,QF21,WL5;
W1,QF29,Wp,WL5;
W1,QF29,Wp,W2, QF21,WL5.
After the systemis disassembled, thego model of
the system with bus W1 as the node can be built. As
showninFig. 16 and Fig.17.

5-1 1-7 @
5-3 -5 @

o—e—1 |
5—4 Q—\lO @
B8
I@ 1-12 @

Figure 16 go model from power supply to node W1

—

Figure17 go model of W1 nodetowl5 outgoing line

Based on the reliability analysis of equipment
components in Section4.3.1 and the construction of
sysemgo, the GO mode can becombined and smplified
asfollows,

Inthe W1 node GO model, 5-1~1-7~1-13~1-
19 lines are in series, which can be reduced to the
multiplication of relighility coefficients of each component:

Rsl = RsG ' RSQF : Rst ' RsT ' RsQS ' RSQF : Rst
=0.99 x 0.9926 X 0.9981 x 0.9968 x 0.9981
X 0.9926 x 0.9981
= 0.966749447179541
Formula(28)

Theréliahility of 5-2 ~ 1-20 lineisconsistent with that
of 5-1~1-19line, so no need to analyze again. Next,
thereliability of 5-3 ~ 1-15linesisanayzed.
Rs2 = Rsg * Rsgs * Rsr * Rsor * Rsgs
= 0.975810767417130
Formula(29)

5-4~1-16line, 5-5~1-17line, 5-6 ~ 1-18lineand 5-
3~1-15linehavethesamerdiahility, no need to anayze
again.
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It can be seen fromfigure 6-4 that the six lineson
theleft arein paralel, so thereliability of thesix lineson
theleft can be obtained asfollows

Rz =1-(1—Ry)? (1 - Ry)*
= 0.999999999621482
Formula(30)

Considering therdiability of bus W1, we can get
Ry, = Rgs - Ry = 0.999099999621823
Formula(31)
So far, the go model of W1 node has been
cdculated, and inthewl5 outgoing go modd, therdiability
of signal source 5-1isg,,. Next, the reliability of wl5
outgoing go modd isanalyzed.
Thereliability of 1-2lineis
Rss = Rygs * Rsgr * Rsgs = 0.988831703286000
Formula(32)
Thereliability of 1-3~1-5lineis
Ry = RsQS ) RSQF : RSQS “Rsw RsQS
= 0.986064665419012
Formula(33)

Thereliability of 1-4 ~1-8lineis

Rg; = Rst : RSQF ) Rst “Rgy - Rst “Rgy - Rst
' RSQF ' RSQS
= 0.974174455854030
Formula(34)
From diagram15 It can be seen that the above three
lines are connected in parallel, so thereliahility after
pardlel connectionis
Reg =1— (L — RSS) L — Rs6) e~ Rs7)
= 0.999995980668517
Formula(35)

The reliability of the go model can be obtained by
connecting thesigna source5-1 inseries

Ryg = Rgy - Rgg = 0.999095983907740
Formula(36)
Findly, therdliahility of L19 specid circuit isconsdered
RL19 = RsG ' RSQS : RsT : RsQF ' RsQS ' RSW
= 0.974932537726454
Formula (37)

L19loop and go mode arein parallel

R; = Ry9//R; 10 = 0.999977338610713
Formula (38)
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4.3.2 Conclusion

Through andysisand caculation, thereliability of wi5-
wl12 outgoing lineat 220kV sdebefore optimizationis
a0,0104, and the reliability after optimization
is2a,9984. Through the comparison betweeng ., and g,
we can know the importance of QS98in220kV side of
themainline.

4.4 Reliability analysis of outgoing line wl4 and
sandby outgoingline

Theabovehas spent alot of time ontheanaysis process
of two reiability analyss methodsin the power plant to
be designed. Here, the reliability analysis of wl4 and
standby outgoing linewill not berepeated, and thefina
reliability calculated by the minimum cut set method is
99.94%.

4.5 Main wiringreiability summary

Through the analysis of sections 3.2, 3.3 and 3.4, the
rdighlity of eechoutgoing lineintheoptimized mainwiring
in Figure8 can be summarized asthefollowing table, in
which gs98isthe reliability after optimization and no
QS98 istherdiahility before optimization.

Table 7 reliability of outgoing lines of power plant

type WL1-WL3 wL4 %
Rdliability 99.92% 99.94% 99.94%
type WL5-WL12(+: QS98) WL5-WL12(47QS98)
Rdiability 99.91% 99.99%

From this statistical table, QS98 plays a very
important roleinthe reliability of thewhole power plant.
At the same time, the reliability of all circuitsis over
99.90%. Inthe main wiring without disconnector QS98,
the wiring mode of one and a half circuit breakersis
morereliablethanthat of double buswith bypass, which
conformsto thetheoreticd analysisresults.

5. EXAMPLE OFSWITCHING OPERATION

After theoptimizationof themainwiring, it will inevitably
lead to some changesin theclassc switching operation.
Inthischapter, wewill introduce some common switching
operations of the improved main wiring. The partial
enlarged drawingisshowninFgured andfigure 10. There
isabig safety risk in the switching operation. In the
operation process, it must conformto the safety standard
process, be strict and meticulous, and gtrictly abide by
the operationticket operation system.

Switching operation principle:
¢ |t is forbidden to turn off and close the
disconnector whentheloadisnot cut off

¢ It is forbidden to disconnect and close the
disconnector under the condition of grounding

Do not closetheground wirewith electricity

Do not open or close the circuit breaker by
mistake

¢ Donot enter thelive safety interva

5.1 Switchingline

Whentheline needsto beswitched onand off, it involves
the switching operation of theline. Here, takethe outgoing
line WL1 as an example to make a simple switching

operationintroduction.
Input WL 1: closeQS19 — QS18 — QS7 — QF7
Remove WL 1: openQF7 — QS7 — QS18 — QS19

5.2 Inverted busbar

At 220kV side, when bus| needsto be overhauled, it is

necessary to turn the right standby of bus |l into the

working gtate, and the switching operationisasfollows.
1. OpenQS98 — QF29

2. When QS97 —QF29 is closed, bus Il is
charged

3. Close al disconnectors on the power side
connected to busll, closedl disconnectorson
theload sde connected to busl |, disconnect all
disconnectorsontheload side connected to bus
|, and disconnect dl disconnectorsonthe power
side connected to busl.

4. When QS97 — QF29 isopened, bus| isnot
electrified, and it exitsfrom theworking state
and can berepaired.

5.3 Maintenanceof acircuit breaker

For 500kV voltage level sde, take maintenance QF13
asanexample (affecting outgoing lineWI3), dose QF12,
ensurethat the outgoing line WI3 isnot affected, open
QF13 — QS30 — QS31, at this time, there is no
voltage at both ends of QF13, and maintenance can be
carried out.

For 220kV voltage level side, take maintenance
QFf21 asan example (affecting outgoing linewl5), close
QS86, ensurethat the outgoing line WIS isnot affected,
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open QF21 — QS78 — QS62, at thistime, thereis
no voltage at both ends of QF21, and maintenance can
be carried out.

5.4 QS97 fault (ground)

Disconnect al circuit breakers (QF20, QF29, etc.) and
disconnectors connected to the bypassbus, busll, to
ensurethat bus|l and bypassbusare not live, and only
busl islive. At thistime, thefault isolation switch QS97
canberepaired.

6. SUMMARY

This paper first discussesanew way of improving the
main wiring unit wiring directly suppliespower to the
bypassbus, a the sametimeintroducesthe mathemetical
modéd of theédectrica equipment inthemainwiring and
several commonly used reliability analysis methods, and
uses practical examplesto analyze and cdculate, so as
to makethetheory fully practica, inorder to providea
better introductionfor thereaders. Thereligbility of each
outgoing line of the main connection before and after
optimization is calculated by a reasonable reliability
algorithm. It can be known that in theform of double
bus belt bypass connectionat 220kV sde, therdiability
before and after optimization is 99.91% and 99.99%
respectively. Because the power isnot easy to storein
case of fault, and the unbaanced current generated in
caseof fault will causegreat damageto the power system,
and even alarger area of power faillure may occur.
Therefore, theoptimization of the mainwiring described
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above ismore effective for the reliability of the whole
power plant and eventhe whole power system.
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