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OF DISTRIBUTION NETWORK
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Tém tat:

K&t ndi ngudn dién gi6 vao Iudi dién phan phdi Iam téng c6ng sudt ngudn, qua dé cd thé nang cao
do tin cay cung cap dién cua ludi. Viéc danh gia cac chi tiéu do tin cay Iudi co ngudn dién gié dua
trén mo hinh hai trang thai cho sai s6 I16n do cong suat ngudn giod phu thudc vao téc do gid - dai
lugng thudng xuyén thay déi. D€ két qua danh gid chinh xac hon, trong bai bdo nay, ching toi dé
xuat s&r dung mo hinh do tin cdy nguon gid da trang thai két hgp véi mo6 hinh do tin cdy phan mién
khu vuc trén |udi dién phan phai.

Tir khoa:

Nguon dién gid, ludi dién phan phdi, do tin cay, mé hinh da trang thai, phan mién khu vuc.
Abstract:

Connecting of wind turbine generators to the distribution network increases power sources and
therefore increases reliability of distribution network. Assessment of reliability of distribution network
connected to wind turbine generators based on two states model caused big errors due to wind
source capacity depends on wind speed which is a variable value. For more accurate assessment
results, in this article we propose to use multi-states model of wind source reliability and switch
section partitioning based on reliability on distribution network.

Key words:

wind turbine generators, distribution network, reliability, multi stage mode, switch section
partitioning.

1. GIOI THIEU thay déi vé& cAu hinh ndi ludi, thong sé
trang thai, tinh trang thiét bi trén LDPP
déu tac dong truc tiép 1én ho tiéu thu
thong qua sy thay doi cac chi tiéu chat
luong dién nang va do tin cdy cung cép
dién (BTC) [1]. V& chét luong dién ning,
trong LDPP dugc quyét dinh cha yéu boi

Ngay nhan bai: 18/4/2017, ngay chdp nhan dang:  chi tiéu chét lugng dién ap. Cac thiét bi
23/5/2017, phan bién: TS. Nguyén Dang Toan.

Luéi dién phan phdi (LDPP) ¢6 nhiém vu
cr?ip dién truc tiép cho ho tiéu thu nén chiu
trach nhi¢ém chinh trong viéc dam bao
chét lugng phuc vu cho phu tai. Nhitng
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diéu chinh dién 4p hiéu qua nhit nhu may
bién 4p (MBA), thiét bi bu déu nim trong
LDPP. Trong cic ché do lam viéc khac
nhau cia phu tai, LDPP c6 thé thay d6i
c4u hinh nham dua chat luong dién ap vao
trong pham vi cho phép. Vé PTC cung
cap dién, LDPP nim vai tro quyét dinh
dén DTC cung cap dién boi vi viéc nglmg
dién trén LDPP anh hudng truc tiép toi
ngimg dién trén phu tai. Dé ning cao do
tin cay trén LDPP c6 thé thuc hién mot sb
bién phap nhu: lip dat thiét bi tu dong
d6ng lai ngudn, thiét bi phan doan ngudn,
thay ddi cdu hinh ludi dién,... Theo do,
céc chi tiéu nhu tan suat mat dién trung
binh cua hé théng (SAIFI), tdn sut mat
dién trung binh ctua khach hang (CAIFI),
thoi gian mat dién trung binh cua hé
théng (SAIDI), thoi gian mat dién trung
binh cia khach hang (CAIDI) dugc su
dung mot cach rong rai dé danh gia BTC.
Viéc xac dinh mdi quan hé giita cac chi
tiéu ndy voi su thay d6i phan ngudn cép 1a
co sO bude dau dua ra cic giai phap nang
cao DTC cua LDPP.

Mot trong cac phuong phép danh gid co
do chinh xac cao cac chi tiéu BDTC cua
LPPP 1a phan mién khu vuc. Cac thiét bi
phan doan phan chia ludi dién thanh cac
khu vuc ¢6 DTC khac nhau. Néu gia thiét
b6 qua hong héc clia cau chi thi thoi gian
ngimg cung cap dién cia cac ho tiéu thy
trong cung khu vuc la nhu nhau. Khi dé
cau trac theo khu vuc 13 co s phan tich,
tinh todn BDTC cho cac ho ti€u thu. Trong
mot LDPP ¢6 thé phan chia thanh nhiéu
khu vuc phu tai, khu vuc phu tai duogc
phan chia 1 nhiing tuyén day lién thong
v6i nhau bang cac thiét bi khong tu dong
nhu cdu chi ty roi, dao cach ly, dao phu

5.

tai... vd nim trong cung mdt vung dia du
¢ cung nguyén nhén, tan suat su cd [2].
D0§ chinh xac khi tinh toan chi tiéu BDTC
phu thudc vao mé hinh BTC cac phan tir
trong LDPP. Thong thuong cic phan tir
dugc md hinh dudi hai trang thai tt va
hong cung véi hai théng sé cuong do
hong héc va cudng do phuc hoi. Véi mo
hinh nhu vay khi ap dung cho cic ngudn
c6 nhiéu trang thai trong qua trinh vén
hanh s& c6 gip phai nhiéu sai s6, ngudn
dién gi6 (Wind Turbine Generator -
WTG) [a mot vi du.

Hién nay xu hudng két nbi ngudn dién gié
(WTG) vao LDPP ngay cang 10 rét. Viéc
két ndi ndy gitp tang kha niang ngudn cap
qua d6 1am giam xac suat mat dién tai phu
tai do nguyén nhan thiéu nguén cip. Tuy
nhién, dic diém ciia WTG 1a cong suét
phat ra khong thé chu dong duoc ma hoan
toan phu thudc vao tbe do gié trong tu
nhién- mot dai lugng ngﬁu nhién kho du
bao. Vi vay, bai bao dé xuét st dung mo
hinh BTC ciia WTG da trang thai két hop
v6i phuong phép phan mién khu vuc theo
DTC trén LDPP dé c6 dugc két qua tinh
todn chi ti€u thoi gian ngung dién su )
trong nam cua phu tai chinh xac hon.

2. MO HINH PO TIN CAY

2.1. M6 hinh do6 tin cay cua WTG da
trang thai

2.1.1. Mé hinh téc dé gié

Téc do gié thay do6i theo ca thoi gian va
dia diém. Mot trong nhitng cach biéu dién
thuong duoc ap dung dé mé ta sy ngiu
nhién cia téc do gié 1a mo hinh ham mat
d6 xéac suat Weibull [3].
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M

Trong d6: v 1a téc d6 gié (m/s); k 1a chi sb
hinh déng thay ddi theo gié cia timg ving
(thé hién trén hinh 1); ¢ 13 chi s ty 1é
duoc tinh dya trén téc do gié trung binh
hang nam, dugc tinh qua nhiéu nim, thé
hién trén hinh 2.

Ham phén b6 xdc suat:

F(v)=P(V <v)=1—exp —(KJ )
C
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Hinh 2. Ham mat dé xac suét
vé&i gia tri ¢ khac nhau
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Trong bai bdo nay, phan bd x4c suit toc
do gié dugc mo ta dua vao dac trung gid
tri trung binh nam x va dg léch chuan ¢
[4]. V&i dai phan bd d6 1éch 106, phan bd
s& bao gdm ca cic gid tri ¢ xac suat rat
thip. Phan bd dugc chia thanh N, budc,
moi budc cé d6 rong 100/N,. Gi tri trung
tam budc 1a SWy; (i = 1,..., Np) dugc xac
dinh trong phuong trinh (3) tuong Gng vdi
x4c suit mdi budc Py (i = 1,...,N;) duge
xac dinh trong phuong trinh (4).

SWyi = u + (1006/Ny).(i — 0,5N,) v6i Np
chin ;

SWyi = u + (106/Ny).[i — 0,5(Np + 1)] v6i
Nb 1é )

Pbi = Nbl/(876ONy)

O day Ny 1a sb dir lidu toc do gié md
phong; N, 1a s6 nim miu mo phong.
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Hinh 3. M6 phéng téc dé gié
theo gia tri trung binh nam p va dé léch chuan o

2.1.2. Mé hinh céng suat phat WTG
Cong sudt ra cua WTG phu thudc truc
tiép vao toc do gié. Cac ngudng toc do
dic trung tmg méi mdi WTG:

o V., : téc d6 gi6 nho nhat dé tuabin
hoat dong;

o V,.:tdc do gi6 ma bat dau tuabin dat
cong suat dinh muc;
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e V, : tbc d0 gid 16n nhat cho phép
tuabin hoat dong (vi ly do an toan cho
tuabin khi xdy ra téc d6 gié qua 16n).

Power output [MW]
f

»
>

Ve Ve Veo Wind Velocity

Hinh 4. Déc tinh cong suat phat tuabin gié
theo toc do gio

Ung v6i mdi gid tri toc d6 gio 1a mot gia
tri cong suat ra cua may phat:

P=0 0<SW, <V,
P=P(A+BSW, +CSW}) V, <SW, <V
E=F V, <SW, <V,
F=0 V.o <SW,

(5)

Véi cac gia tri A, B, C dugc tinh trong
cac cong thuc sau [5] :

B 3
a=—L v, evy-a | Lt
vy | ,

I

1

3
V.+V
B=——— |4, + V)| “ |~ +7))
V=V 2,

3
Co b |y g YatV.
-7, 2,

)

cl 7

(6)
2.1.3. M6 hinh da trang thdi cua WTG

Véi WTG c¢6 cong suét phét ra phu thudc
vao su thay doi toc do gié thi mé hinh 2
trang thai khong mé ta hét cic trang thai
cong suét phat. Vi vay, dit ra yéu cau sir

dung mé hinh da trang thai nham tién t&i
mo ta chinh xé4c trang thai trong thuc té
ctia WTG. Moi trang thdi dugc dic trung
boi cong sudt trang thai P; va xdc sudt
trang thai PB; thé hién trén hinh 5. M6
hinh da trang thai thé hién nhiéu wu diém
dé la mo ta chinh xéc céac trang thai lam
viéc cua WTG thay ddi theo tdc do gio,
nhung gap phai nhiéu khé khin khi tinh
toan x4c suat cac trang thai dac biét khi $6
trang thai 16n.

Power{ MW]
|
(F,,PB,)
.................................................................... » (P.,.PB.,)
_________ \ (P+|'PEI+|)
- (F,PB)
wind
y Velocity
pmn  wind
u-So p-do u=30 420 u-a [ u+o uele pile urdo piSe Velocity

Hinh 5. Xac suét trang thai
rng v&i cdng suat phat cia tuabin gié

/ PB’\
PByys
PB ]‘
T :

P P; Pm Capacity of State fMW]

Hinh 6. Gian lwg'e héa mé hinh da trang thai

Tir nhitng khé khan do, [6] dé xuét luoc
gian héa mé hinh da trang thai nhu thé
hién trén hinh 6.
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(7)

2.2. Tinh toan do tin cay LDPP
2.2.1. Phan mién khu vuc LDPP

Trong qua trinh tinh toan PTC, luédi dién
phuc tap thuong dugc chia thanh céc
mién khu vuc ¢6 cung thong sé DTC. Vi
LDPP c6 nhiéu nit, viéc chia LDPP thanh
cac khu vuc nhim don gian héa qué trinh
tinh toan DTC 1a rat can thiét. Viéc phan
mién khu vuc theo DPTC s& dua vao vi tri
thiét bi phan doan. Néu gia thiét bo qua
hong héc ctia cau chi thi thoi gian nging
cung cip dién cia cac ho tiéu thu trong

cung khu vuc 1a nhu nhau.

o r 1 2 3 4 5 () LPs !
IR
|

féf%;é é %;,*QSQD“% 

".LP18 LP17LP16 LP15 LP14' :
10 LPY

TR
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Trong thuc té, phan mién khu vuc dua
vao cdc thiét bi déng cit tw dong con giup
nang cao BTC toan ludi. Khi sy b, véi
cac mién bi chia cat véi ludi dién chinh
c6 thé tach ludi, ngudn phan tan gin vao
mién tach s& dong vai tro cdp dién chinh
cho céc phu tai tai mién d6. Viéce xéc dinh
vi tri tich lu6i nham dam bao cap dién
lién tuc cho phu tai phu thudc vao twong
quan giita cong sudt ngudn phéan tan va
phu tai. Bi véi ngudn phan tan chu dong
cong sudt phat nhu diesel, thuy dién nho,
viéc x4c dinh cong suat ngudn la khong
kho khan. Trong khi d6 véi ngudn phan
tan 1a ngudn dién gi6 cong suat ngudn phu
thudc ngau nhién vao thong sé toe do gid
thi viéc xac dinh gap nhiéu kho khin.

HTD

T KV ;

% 19 1 1 % ,,,,,,,,,,, L

| B e R

KV2 e KV3

o - 10

COKv4A I |
25 4%134%& 21 jﬂz """ -
. | m,iKvs‘

Hinh 7. Phan mién khu vwc lwéi dién theo DTC

M6 hinh luéi miu IEEE RBTS 25 nut
trén hinh 7 [8] duogc chia thanh 5 khu vuc

¢6 PTC khac nhau. Trong d6, nham ting
cuong PTC cac khu vuc 2, 3,4, 5 ¢co gén
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thém WTG. Cac khu vuc ndy c6 thé dugc
tach ra hoat dong doc 1ap vai ludi khi co
su ¢ thong qua may cit dau khu vue. Xét
truong hop khong c6 ngudn dién gio,
nguyén nhan mét dién trén mdi KV; co
thé 1a sy cb trén tram phan phdi tong
(TPP), trén khu vyc nim trén duong dan
KV, véi nguén chinh hay trén chinh KV..
Téap hop céc nguyén nhan mat dién trén
KV, 1a tap G. Vi duy, voi KV3 trén hinh
Tap G4 = {KV1, KV3, KV4, TPP}. Vdi
mdi hong héc ciia mdi phan tir thanh
phan tip hop G, thoi gian mat dién trén
KV4 1a thoi gian sira chita phan tir hong
hoc [7]. Khi do thoi gian mat dién duoc
tinh nhu sau:

LY =33 40

jeG i=1

(8)

Trong d6: T - thoi gian nglng dién cua
khu vuc k; A; - cuong do hong hoc cua
phan tir / trong phén tu j; r; - thoi gian sira
chira phan t 7; va m - s6 luong phan tir
trong khu vuc i.

Coi mdi mién khu vuc 1a mot hé théng
nhé bén trong hé théng LDPP, mdi mién
c¢6 chi s6 SAIDI; va toan hé thdng c6 chi
sb SAIDI;. Hai chi sb lién hé véi nhau qua
cong thuc (9):

SAIDI, =" SAIDI,. %
k

s

)

O day Cy - sb lugng phy tai trong khu vuc
k; Cs - tong s luong ho tiéu thu toan
LDPP.

Trong thuc té, thoi gian ngung dién sé
khéc véi cong thue (13), vi cadc mién khu
vuc ¢6 chira nguon dién phan tan con ché

do tach ludi hoat dong doc lap. Vi vay,
can dua vao ham tinh x4c sudt hoat dong
ché do tach ludi nhu sau:
ND
27
TL_ jeGoj#k

10
, 8760 10

2.2.2. Tinh toan DTC LDPP

Trong ph?m 2.2.1, x4c sudt hoat dong ché
do tach ludi da dugc dé cap. Song, viéc
tach ludi c6 thanh cong hay khong con
phu thudc vao twong quan cong suit
ngudn phan tin va coéng suit phu tai tai
thoi diém tach. Dé tinh dugc cac chi s6
DTC can tinh dugc xac suét thiéu hut
cong suat, khi xay ra thiéu hut cong suat:

T

PM =P(Sy,. <S =nPb.. L (11
K (Swr <Sp) ; 18760()

Trong d6: Swre - cong suat ngudn dién
gi6 ndi vao mién tai thoi diém tach ludi;
S, - cong sudt tai mién tai thoi diém tach
ludi; 7 - thoi gian Syre < Sp, xac dinh dua
trén d6 thi phu tai kéo dai caa khu vuc va
cong suat P; tai trang thai thir 7.

Tu cong thic (10) va (11), tinh dugc xéac
suat mat dién khi tach ludi cia mién khu
vuc:

TL-OFF __ pTL TH
pIL-OFF = pit p

(12)
Chi s6 DTC cta mién dugc xac dinh:

SAIDI "°=8760.P"" " + > A,

(Al
1
k

i
J

m n T m
=( > Z/’tl..i;.).ZPbl..87’60 +> A7 (13)

jeGnj=k i=1 i=1 i=1
J=k

Tir chi s6 DTC ciia mién, ta tinh duge chi

14

S6 12 thang 5-2017



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC BIEN LUC

s6 PTC cua toan LDPP theo cong thirc
9).

3. TRUONG HOP NGHIEN cUU
3.1. S6 liéu lwéi dién

Bang 1. Théng sé cac phan tir LDPP

Thoi | T héng
Mé | A(an | %an | héc
té /nim) sua trung
chira binh
(h) (h/nam)
Tramphani =\ o 61100 | 24 | 0.144
phoi tong
May cit - 10.36/100 32 0.1152
MBA 400
22/04kV | KVA 1.5/100 10 0.15
Chiéu dai
lusidang | 3 | 6.5/100
wrimdi | km | (Mkm) | > | 03
khu vuc
So ho'tleg' 20
thy tai moi ho - - -
diém tai :

3.2. Nguén dién gié

Mot WTG ¢o cac thong sé cho trong
bang 2.

Bang 2. Thong s6 WTG

cht-in Vr cht-out Prs . ;"
kW |(lan/nim)

4m/s | 14m/s | 25m/s | 1000 0,04

—A4 = 0,12506; B= —0,06877 (m/s)";

C =0,00938(m/s)™

Bang 3. S6 liéu thong ké tiéu biéu téc do gioé

(ISSN: 1859 - 4557)
Téc dd | SO gio | Toc dp gié )
gié (m/s) | /nam (m/s) gio/nam
4+6 1355 12+14 1124
6+8 1490 14+25 811
8+10 1572 25+35 72

Bang 4. Théng ké mé hinh cong suat ra WTG

Cong Xac suit trang | Xac suit trang
suat thai (chwa xét thai (c6 xét
WTG, hoéng hoéc héng héc
kW WTG) WTG)
0 0.1342 0.1635
15.71 0.1547 0.1485
103.29 0.1700 0.1632
26591 0,1794 0.1722
503.57 0.1406 0.1350
816.27 0.1283 0.1232
1000 0.0926 0.0889

Bang 5. Tap G cua cac khu vwe

Khu vue

Tap G

1

{Tram PP, KV1}

{Tram PP, KV1, KV2}

{Tram PP, KV1, KV3}

{Tram PP, KV1, KV3, KV4}

2
3
4
5

{Tram PP, KV1, KV3, KV5}

e Truong hop khong xét WTG: dua vao

tap hop trong bang 1-+5, tinh toan dugc
SAIDI céc khu vuc va toan hé théng véi
truong hop khong xét téi WTG. Két qua
cho trong bang 6.

Bang 6. SAIDI cac khu vwc khong xét WTG

trong nam
. . . _ S6 khich
Tocdd | Sogio | Toc do gié So Khu vyee | SAIDI, (h/niim) | hang trong
gié (m/s) | /nam (m/s) gio/nam khu vue
0+4 1104 10+12 1232 1 2.2842 560
S0 12 thang 5-2017 15
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S6 khach e Xét truong hop khi gin WTG trong
Khu vue SAIDI, (h/ndm) hil(lllfl t‘ll';:g béng 2 vao LDPP
) 41244 400 Tinh SAIDI,, x4c suét tach ludi
3 3.8244 240 > 1"
4 5.6646 400 4TLZ% =4,36.10""
> 23046 240 Khi tich [udi, xdc sudt mét dién 13 khi
SAIDI; 4.0218 i WTG khong dap tng yéu cau phu tai. Xac
sut nay duogc tinh dua thoi gian thiéu hut
A n cong suat biéu dién trén do thi phu tai tng

vOi cac trang thai khac nhau ctia nguon
dién gio.
2000

Bang 7. Xac suét thiéu hut cong suat
trong ché dé tach lwéi KV4

. Thoi
Cong XaAc gian . A
TT | subt | S0 | gy | R0E M
1000 WTG Su{i% hl'lt .
/8760h
816,27
1 0 0.1635 8760 0.163500

503,57

2 1571 | 0.1485 8343 0.141431

265,91

3 | 103.29 | 0.1632 8214 0.153028

103,29

4 126591 | 0.1722 7975 0.156769

A v 5 | 503.57 | 0.1350 7838 0.120791

1200

6 | 816.27 | 0.1232 3358 0.047227

1000

7 1000 | 0.0889 1814 0.018409

816,27

Téng 0.801155

503,57
SAIDI V"=

265,91

=8760.P" P/ +> A.r;=4,9041 h/nam

6%} i=1
755 2264 7622 8530 87 j=4

103,29

Hinh 8. Db thi phu tai kéo dai cia KV4 (trai) Tyong ty cho cic khu virc con lai, kot qui
va KV5 (phai) cho trong bang 8.
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Bang 8. Chi sé SAIDI cia méi khu vuc
va toan hé théng

SAIDL, (Wndm) | Chenh
Khuvee | ghong c6 | co WTG ‘é(;h’
WTG o
1 22842 | 22842 0
2 41244 | 36702 | 1101
3 3.8244 | 33654 | 12.00
4 5.6646 | 49041 | 1343
5 53646 | 45962 | 1432
Héthéng | 4.0218 | 3.5048 | 12.85

Tir két qua tinh toan trong bang 7 va bang
8 cho thay:

e Thoi gian mat dién trung binh cua
LDPP khi c¢6 két néi WTG duoc cai thién
kha t6t so voi khong co két néi WTG, dic
biét 1a cac khu vuc truc tiép két ndi véi
WTG.

e Trong ché d6 tach ludi diéu nay ciing
duoc thé hién kha rd, khi cong suit WTG
tang 1én thi xac suét thiéu hut cong suét
va thoi gian thiéu hut cong sudt cang
giam. Vi mot gia tri cong suét cia dién
gi6 dat dén gia tri d 16n so véi tong cong
sudt phu tai trong LDPP thi cic chi tiéu
d6 tin cdy cung cép dién cang dugc cai
thién 0 rét.
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e Phédn mién khu vyc gitp viéc danh gia
do tin cady mdt cach chinh xac, mé hinh
DTC cua WTG da trang thai cho phép xét
dén dic tinh ngdu nhién cta nguon dién
gid va phu tai mdt cach tuong minh.

4. KET LUAN

Bai toan xac dinh BTC cua LDPP c¢6
ngudn dién gio 14 mot bai toan phirc tap,
vi vay khi nghién ctru, tinh toan can xét
t6i nhiéu yéu t6 anh huong, dic biét la
yéu t6 cdu trac LDPP, tinh ngiu nhién cua
téc d6 gié anh hudng 1én cong suit phat
WTG va dac tinh coa phu tai. Vi nguon
dién gio, khi tinh todn PTC mo hinh
truyén théng khoéng con phu hop do
khong mé ta duoc hét cic trang thai
WTG, thay vao do nén st dung mé hinh
da trang thai. Bai bdo da su dung m6 hinh
da trang thai ngudn dién gié dé tinh toan
moét s6 chi tiéu DTC ciia LDPP ¢6 xét t6i
dac tinh cua phu tai khu vuc. Trong bai
bdo nay tuy chwa xét dén truong hop
LDPP ¢ nhiéu ngudn dién phan tin co
dic tinh cong suat khac nhau, nhung vdi
phuong phép d& xuét hoan toan cé thé
thuc hién dugc, chung t6i s& dé cap trong
nhing nghién ciru tiép theo.
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