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TOM TAT
Cung voéi tién trinh nganh dién chuyén dan sang hoat dong theo co ché thi trudng,
khach hang ngay cang quan tdm va doi hoi cao hon vé chat luong dién ning va do tin ciy
cung cép dién (PTCCCP). bé dép tmg duge cac doi hoi chinh dang ndy, ngay tir giai doan thiét
ké, quy hoach lué6i dién can phai ¢6 cac tinh toan, dam bao DPTCCCD cho cac hg phu tai. Bai bao
nay gioi thiéu phuong phap db thi giai tich tinh toan DPTCCCDP, ap dung cho céac ludi dién trung ap
(so dd hinh tia c6 ngudn du phong). Phuong phap dwa trén md hinh phan chia cac h¢ phu tai theo
khu vuec, thiét 1ap cac ma trén cdu trac, thé hién mdi lién hé gitra cac khu vuc, gilia nguon cung cip
voi cac khu vye, tir 46 xac dinh cac chi tieu DPTCCCD. Phuong phap c¢6 xét dén anh huong thoi

gian tic dong cua thiét bi phan doan (TBPD), thtr tu vu tién cip dién tir cac ngudn du phong co
cong suat hitu han.

Abstract:

In the process of establishing electric power market, higher quality and reliability of electric
power system are becoming more and more important for customers. To meet these requirements, it
is important to have some calculations to maintain power supply reliability for customers, starting
from the electric power system design and planning process. In this paper, the graph analysis
method is introduced to calculate electric power distribution system reliability (radial power
distribution system with backup power sources). Based on splitting load by regions, establishing
matrix structure, relations between regions, and relations between sources and regions, the method
identifies reliability indexes. The method considers the influence of the operation time of the

disconnector and the priority of power supply from the reserves that have limited capacity.

I. PAT VAN DE
Pé danh gia PTCCCP cho hé théng cung
cap dién (HTCCP) ndi chung, dd co nhing
nghién ctru khac nhau va nhiéu két qua duoc
cong bd ([1], [2], [3]). Tuy nhién, viéc dé xuit
mot thuat toan thich hop ap dung trong céng tac
quy hoach thiét ké (QHTK) luéi dién trung ap
(LDTA) van rét can thiét. Truéc hét LDTA la
khu vyc phét trién rat nhanh trong HTD Viét
Nam, chiém ti 1& cao trong cong tac QHTK.
Ngoai ra, LDTA c6 nhiing dic thu ri€ng khi
phan tich danh gia d6 tin cay (BTC). Cubi cung,
khi QHTK can Iya chon cac phwong phap, cong
cu don gian, hiéu qua, co thé ap dung réng rai.
Vé nodi dung bai toan, dé danh gia PTCCCD
c¢6 rat nhidu chi tiéu khac nhau [1], tuy nhién
trong giai doan QHTK cing chi can quan tdm
t61 mot sO chi tiéu phé bién, dic trung theo yéu
cdu. Vi dy, nhim dam bao yéu ciu riéng vé

DPTCCCD cho m51 khach hang, chi tiéu thoi
gian ngung cung cap dién trung bmh nam, dién
nang mat do ngung dién tinh cho mdi ho phu tai
1a rat can thiét. Ngoai ra, cac chi tiéu trén tinh
toan cho toan ludi ciing c¢6 y nghia nhat dinh
trong viéc danh gia tong hgp DPTCCCD cua
phuong an quy hoach.

Vé so dd, LDTA thudng c6 dang hinh tia, c6
hodc khong c6 cac ngudn du phong. Cac dic
diém néu trén dugc xem xét trong ndi dung
phuong phap dé xuit.

II. MO HINH BAI TOAN, CO
PHUONG PHAP TiNH

2.1. So' @6 lwéi dién va khai niém phén
chia khu vue

Lué6i dién dugc dua vao xem xét, tinh toan
DTC trong bai bao nay bao gdbm cac hd phu tai,
cac duong day tai dién, thanh céi tram cung cip
cong suit khong gidi han, cac ngudn dién du
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phong c¢6 cong suét hiru han. Cac thiét bi phan
doan (TBPD) dit tai mot s6 vi tri trén cac mach
duong day co thé l1a: may cit dién (MC), dao
cach ly (DCL)... Ching dugc chia lam 2 nhom:
lam viéc tu dong (thoi gian cach li sy ¢b ngin),
hodc khong tu dong (cén ¢6 su can thi€p ctia con
ngudi, thoi gian cach li sy cd dang ké). Cac
TBPD phan chia luéi dién thanh cac khu vuc co
DTC khéac nhau. Néu gia thiét bé qua hong hoc
cau chi va cac mach phia sau ciu chi (c6 anh
huong riéng dén DTC mdi ho phu tai) thi thoi
gian ngimg cung cap dién (CCP) cua cac hd phu
tai trong cung khu vuc 1 nhu nhau [1]. Céu trac
theo khu vuc 1a co s& phan tich, tinh toan
DTCCCD cho cac ho phu tai.

Vi du 1: xét HTCCD bao gom 14 ho phu tai
dugc cdp dién tir thanh cai ha ap tram 110kV,
cac ngudn dy phong 1, 2 (cap tr HTCCP lan
can). Cac thiét bj phan doan gf”)m 3 MC va 3
DCL (hinh 1).
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Hinh 1. So 6 HTCCP nghién ciru
C6 thé phan mién so do thanh 4 khu vyc theo vi
tri MC va DCL nhu trén hinh 2.
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Hinh 2. So 6 HTCCP véi phan mién khu vuc
2.2. Mé hinh nguén va phu tai
1. Nguon dién
Ngudn dién dugc phan thanh 2 loai:

- Ngudn co cong sudt khong gidi han, nhu
tram 110kV, tram trung gian, ky hi¢u S.

- Ngudn dy phong co6 cong suat hiru han, ky
hiéu Sp. Nguon du phong duoc déc trung boi
cac thong sb nhur cong suat, xac suat hong hoc.
2.Phu tdi dién

Phu tai dién duoc dac trung boi dd thi thai
gian kéo dai nam (hinh 3). D6 thi nay cho biét
thoi gian lam viéc trong nadm véi cac muc phu
tai khac nhau.

Tmax

Hinh 3. D6 thi phy tai nim theo thoi gian
2.3. Phuong phap tinh toan
1. Cic ma trdn ciu tric

Dé dién ta cau tric, anh hudng twong hd trang
thai 1am viéc cua cac phan tir trong PTCCCDH
can thiét 1ap mot s6 ma tran.

+ Ma tran két ndi giita cac khu vue D(1,j): cac
sb hang trong ma tran c6 gia tri la 1 hodc 0.
Trong d6 d;j= 1 khi khu vuc i ndi véi khu vue J»
d;; = 0 trong truong hop con lai.

+ Ma tran két ndi giira tram ngudn S véi cac
khu vue Ay(i,j): cac so hang trong ma tran c6 gia
tri 1a 1 hodc 0. Trong do: a;; = 0, khi hong hoc tai
khu vuc j, nguon S khong cép cho khu vyc i. aj
= 1, khi hong héc tai khu vuc j, ngudn S van cép
cho khu vue 1.

Van vi du 1, ma tran D, A duogc thanh 18p nhu
sau:

0101 0111
D@j)=|1011[;AG)=[0011
0100 0001
1100 0110

Trong ma tran D(1,)), s6 hang dj,= 1 c6 nghia
1a khu vuc 1 ndi truc tiép v6i khu vue 2; dj3= 0,
c¢6 nghia khu vuc 3 khong ndi tryc tiép v6i khu
vuc 1.



Trong ma tran A(i,j), cOt thir 2 co véc to [1 0 0
1] ¢6 nghia la khi hong hoc tai khu vyc 2 thi khu
vuce 1 va 4 duoc noi voi ngudn S, khu vuc 2,3
khong dugc ndi véi ngudn S.

+ Ma tran anh huéng TBPP C(ij): cac s
hang cuia ma tran c6 gia tri 1a 1 hoac 0. Trong d6
ci=1 khi su ¢b tai khu vire j, khu vuc i s duoc
cap dién tro lai (tr ngudén S hodc nguodn dy
phong Sgh) chi bi mét dién tam thoi trong thoi
gian ¢6 lap khu vuc j. S6 hang ;=0 trong cac
truong hop con lai.

Van vi du 1, ta xét cho céc trudng hop:

+ Néu cac DCL khu vuc 2,3,4 1a DCL tu dong
ta c6 cac s6 hang trong ma tran C(i,j) bang 0;

+ Néu cac DCL khu vue 2,3,4 1a DCL thuong,
chua xét to1 nguén Seh, ta thiét lap duoc ma tran
nhu C(i,);

+ Néu cac DCL khu vyc 2,3,4 1a DCL thudng,
xét toi ngudn Sen ta ¢6 ma tran nhu Cy(1,j).
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Trong ma tran C,(i,j), cot thit 2 c6 véc to [1 0
0 1] c6 nghia 1a khi hédng héc tai khu vuc 2 thi
khu vuc 1, 4 duoc cap dién trd lai sau khi bi mat
dién tam thorl trong thoi gian thao taic TBPD.

+ Ma tran thr ty vu tién cap dién tu ngudn Sen
cho cac khu vuc By(i,j). Cac sb hang trong ma
trén By(i,j) c6 gid tri tir 0 dén n-1 (so nguyén
duong), n 1a s6 khu vuc. Khi sy ¢d & khu vuc
thit j, viéc cap dién tro lai tir ngudn Sen thir k cho
cac khu vyc i theo trinh tu tuong ing vdi cac sd
nguyén trén cOt thir j cila ma tran By(i,)).

Van vi du 1, ta ¢6 thé thanh lap ma tran By(i,j)
trong Ung v6i ngudn du phong 1 (k=1) va
ngudn dy phong 2 (k=2) nhu sau:

0003 0023
Bi(ij)=1(2002[;B(i,j)=|1011
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Trong ma tran B,(i,j), cot thir nhit co véc to [0
2 1 0] c6 nghia Ia khi hong héc tai khu vuc 1 thi
ngudn du phong 1 cép cho khu vuc 3 trude tién,
sau do cép cho khu vuc 2, khu vuc 1 va 4 nguén
du phong 1 khéng cép.

V6i so do don gian ciia vi du 1 ¢6 thé dé dang

thiét lap dugc ma trdn By(i,)) bang truc quan so
dd va vi tri TBPD. Vi so do phuc tap can thiét
1ap chuong trinh tinh toan trén co s& cac ma tran
két ndi D(i,j) va A(i,j) [3].

2. Xac dinh cdc chi tiéu DTC cia HTCCD

A. Ludi khong c6 ngudn du phong

Trong trudng hop ndy chi can str dung ma tran
két ndi ngudn S A(ij) va ma tran anh hudng
TBPD C(i,j).

Tir y nghia ciia cic ma trén dé suy ra biéu thirc
tinh thoi gian ngirng CCP cua khu vuc i gy ra
boi su ¢b khu vue j (j c6 thé bang i):
[CLIDATpaH(1-A(L])Ar;]

(1

TNBij =
Trong do:

A; - cuong d6 hong hoc khu vyc j (lan/nim).

rpdj-thoq gian thao tac TBPD dé co lap su cb
khu vuc j (h/lan).

1j - thot gian stra chita khu vuec j (h/1an).

Bo qua sy cb xép chdng, thoi gian ngimg
CCD trung binh ca nam cia khu vyc i tinh dugc:

Tpi = Z Tpij (h/ndm) (2)
j=1
bién nang mat do ngimg dién khu vuc 1 gay ra
boi su ¢ khu vuc j (xét dén anh hudng thoi gian
kéo dai phu tai khu vyc 1):

1 T T
A G D gL H(1-AL)) D L] (3)
= =

Trong do6: Li(t) 1a phu tai khu vuc i tai thoi
diém t (kW); T=8760h.

Téng dién ning mat do ngimg dién cua khu
vuc i:

Axpi = ZANDi,j (kWh/ndm) “)
j=1
Pién ning mit do nging dién tinh cho ca

HTCCD:

Anp = Z Axpi  (kWh/nam)

i=1
B. Ludi ¢6 cdc ngudn du phong

)

[- Xéc dinh cong sudt, thoi gian thiéu hut cong
suat cho cac khu viec nhdn dién tir nguon Sy,



Khi hong hoc tai khu vuc j, sau khi cach li su
cb, khu vuce i mét dién tir nguf)n chinh nhung cé
the duge cip tro lai tir cac nguon Sen. Do cong
sudt ngudn 14 hiru han nén vén c6 thiéu hut dién
nang, phu thudc vao thir ty uu tién cung cp.
Can dya vao ma tran B(i,)), dé xac dinh luong
thiéu hut cong suét cta khu vuc i.

Lugng cong suit thiéu hut khu vuc i nhan tir
nguodn Sy, thir k (k=1 dén Ny;) khi héng héc tai
khu vuec j tinh dugc theo cong thiic sau:

Ly j()=Li-1,j(t)-Pij(t), khi Licy j5(t) > Py (1)
Lyij(t)=0 trong truong hop con lai (6)

Trong do: Ly.1;i(t) 1a phy tai khu vuc i truge
khi dugc ngudn dién k cap (méi xét dén ngudn
k-1).

Py J(t) 1a cong suat con du cua nguon dién k sau
khi cap cho khu vuc i’. Khu vyuc i’ ¢6 tht tu uu
tién trude 1, trong ma tran By(1,).

Luong cong sudt con du ciia nguon Sen thur k
sau khi cap cho khu vuyc i:

Py j()=Pypj()-Lic1, i, (1), khi Py j(t) >Licy, i (1)
P, ; ;(t) = 0 trong truong hop con lai (7

Gia tri ban dau cua Lk,i,j(t) va Pk,i,j(t) Ia Lo,i,j(t)
va Py oj(t) chinh 1a phu tai cta khu vuc i va cong
sudt ban dau cta ngudn dién k.

Sau khi xét cho tat ca cac ngudn dy phong, gia
tri cudi cung ctia Ly ;j(t) 12 Lygnij(t).

Phu ti khong duoc cap
Cong suét oonlai
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Hinh 4. Quan h¢ gitra Ly ;;(t) va Py;;(t)

Cobng suat ngudn va phu tai

Hinh 4 v& biéu dd thoi gian kéo dai cua phu
tai va cong suit ngudn. D& nhan thiy, phu thudc
vao thoi diém t ma luong cong suét thiéu hut ddi
v6i phu tai va luong cong suat du dbi voi ngudn
c6 gia tri duong hodc bang 0. Twong ung v6i
cac gia tri khac nhau cia t, lugng cong suit
thiéu hut va du thira 1a cac ham cua thoi gian
(duong nét lién va cham cham).

O budc cudi cung, sau khi xét tat ca cac ngudn
Sen, theo ham LNgh’i’j(t) xac dinh dugc thoi gian
thiéu hyt cong suat t;; cua khu vuc i (hinh 5).
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Hinh 5. Thoi gian thiéu hyt cong suat khu vuc
1 tr nguon Sy, khi syrco khu vuc j

Van vi du 1, tinh thoi gian thiéu hut cong sut
khu vuc 3 khi hong hoc khu vuc 1.

Theo ther ty wu tién, ngudn dy phong 1 cép
cho khu vuc 3 trude tién (k=1), lugng cong suat
thiéu hut khu vuc 3 nhan tir ngudn dy phong 1:

Li3,1(t)=Lo3,1(t)-P1,0,1(t), khi Lg3(t)>P;,(t)
L;5.(t) = 0, trong truong hop con lai

Voi L0’3’1(t) la phu tai khu vuc 3, Pl,O,l(t) la
cong suét ban dau ctia nguf)n du phong 1.

Néu luong cong suat thiéu hut Li51(t)>0, khu
vuc 3 ¢ thé duoc cap tir ngudn du phong 2
(k=2).

Luong cong suat con du cua ngudn du phong
2 (wu tién cua 2) sau khi cap cho khu vuc 2:

P2.2.1()=P2,0,1(t)-Lo2.1(t), khi P2 1(£)>Lo2,1(t)
P,,.1(t) = 0, trong truomg hop con lai.

Vi Loz 1(t) 1a phu tai khu vuc 2, Pygi(t) 12
cong suét ban dau cua nguon du phong 2.

Luong cong suét thiéu hut khu vuc 3 sau khi
da xét kha nang ctia ngudn du phong 2:

Ly3,1(t)=L 3,1(t)-P22,1(t), khiL;3,;(t)>P22,(t)
L,3,1(t) = 0, trong truong hgp con lai

Dua vao ham L, 3 (t) x&c dinh gia tri 13,

2- Xac dinh PTC CCP cho cac khu vuc

Trén co s& biéu db cong sut thiéu hut va thoi
gian thiéu hut cong suat i, ¢ the tinh dugc thoi
gian ngung cung cép dién trung binh ciing nhu
dién ning mat do ngimg dién cho mdi khu vuc.

Thoi gian ngiing CCP trung binh (h/ndm) cua
khu vuc i:

Tapi= 2/1 {C(la.]) Lai+ % [(1- A1), Tij]} (®)

bién nang mét do ngimg dién khu vuc i:
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Ay, = Z

J=1

{ [CG. ), mZL 0+

UY))
+ (1= A, j)r, D.L(8) } (kWh ndm)(9)
t=1
Trong d6: A4 ;1a cuong d6 hong hoc khu vuyc j
(lAn/nam); 1,4 1a thoi gian thao tic TBPD khu
VUC ] (h/1an); rj 1a thoi gian stra chita khu vuec j
(h/lan) Ti; la khodng thoi gian thiéu hut cong
suat cua khu vuyc i khi hong hoc tai khu vuc j tur
ngudn Sen; Li(t) 1a phuy tai khu vuc i tai thoi diém

t (kW).
Tinh cho ca HTCCD:
Avp =D Awp,s (kWh/nam) (10)
i=1

3- Xét dén PTC cung cdp ciia nguon duw phong
Goi Psy(t) la xac suat 1am viéc tin cdy cua ban
than ngudn Sy, thir k, Wie;i(t) 1a hé s6 biéu dién
ngudn dién k ¢ cdp cho khu vuc i khi hong hoc
tai khu vuc j hay khong:
Wiij(t) =1,  khi Lici5(t) > Licij(t)

Wi j(t) = 0, trong trudng hop con lai  (11)

Ta c6 xéac suat CCD tin c@y cua cac ngudn Sen
cho khu vue i khi sy ¢6 khu vuc j:

T, 1-Ps,)]

Pr; (1) = H[l
k=1

X4c suat hong hoc cua cac nguon S, cap dién
cho khu vuec 1 khi su ¢6 tai khu vuc j:

Fr i (1) = [1-1@’[’{1_%,. (3 1(1-Pry)) (13)

Xét dén anh hu(mg DTC cac nguon Sen, can bd
sung vao cong thire tinh thoi gian mat dién trung
binh va dién nang mat do ngimg dién nhu sau:

TNBij: C(i,j) 4, tpait

(12)

[(1-As(u>)ﬂ Tt ZFF,,(t)} 1(14)

t=t; +1
ANDi,j - [C(I,J)rdeZL (t)+
i=1
(i, )
+H1-Ai))r § ZL (t)+ ZL () Feii(011 (15)

t=1; ;+1

V6i cac ngudn dién phén tan, con phai xét dep
anh huong cua thoi gian khéi dong (twong doi

dai). Tuy nhién, ¢ giai doan QHTK thuong chua
xét dén dam bao DTC bing ngudn dién phan
tan. Cac ngudn dy phong nhan tir ludi dién lan
can c6 thoi gian khoi dong ngin, c6 thé bo qua.
II1. Vi DU AP DUNG

3.1. Céc s liéu tinh toan

Xet HTCCD trong vi du 1, voi cac s lieu:

+ Ludi phan phéi c6 cuong do hong hoc A=4
1an/100km.nam, thoi gian sira chita sy ¢6 la r =
12 h/lan sira chira.

+ DCL co thoi glan thao tac 1a 1, = 2h/lan
thao tac su cb, 0,5h/lan thao tac cong tac.

+ S6 1an ngimg dién cong tac nim cho 1 doan
luéi 14 6, thoi gian nging dién mdi 1an 1a 2h/1an.

+ Ngudn du phong 1 c6 xé4c suit lam viée tin
cay p=0,9999, cong suit 2MW.

+ Ngudn du phong 2 ¢6 xac suat lam viéc tin
cay p=0,9999, cong suat SMW.

Chiéu dai dang tri doan 1 1a 10km, doan 2 14
6km, doan 3 la 8km, doan 4 1a 10km.

Bidu do phu tai cac khu vuc dang thoi gian
kéo‘ dai nhu trén hinh 6.
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Hinh 6. Biéu d0 phu tai cac khu vuc
Xét cac truong hop sau:
- Chua x¢ét t61 su tham gia ngudn Sehs
- Xét t6i ngudn Sgh, b6 qua TGKDN;
Cac TBPD duogc tinh toan véi DCL thong
thudng va dao cach li tu dong (DCLTD):
3.2 Két qua tinh toan PTC:
1.Chuea xét t6i nguon Sg,
Bang 1. Chi tiéu PTC cho cac khu vuc

0 — T
1000 2000 ]QOO 4900

Hangmuc | KV1] KV2| KV3]| KV4
1.TBPP la DCL:

a. Tap 27,72 [ 39,12] 51,32 | 40,72
b. Axp 76.958| 89.833] 86.166] 38.489
2.TBPD 1a DCLTD:

a. Tap 16,8 | 31,68] 47,52 | 33,6
b. Anp 46.641] 72.748] 79.785] 31.759

Trong bang Typ (h/ndm); Axp (KWh/nam).



Tram nguén
Ghi chu: TBPBlaDOL
99.68% TBPD la DCLTD
0
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99,53% l l 99,41%

99,61% KV4 KV3 99,45%
Hinh 7. Chi s6 DPTCCCP cac khu vuc

Dién ning mat do ngimg dién toan hé thong:

- Khi str dung DCL thuong: 291.446kWh/nam;
- Khi stt dung DCLTD: 230.933 kWh/nam.
2. Xét t6i nguon Sen b0 qua TGKDN

Bang 2. Chi tiéu DTC cho cac khu vuc

Hangmuc | KV1| Kv2| KV3| KV4
1.TBPD 1a DCL:
a. Tap 27,72 | 26,121| 32,02 | 40,72
b. Axp 76.958| 59.984| 49.568| 38.489
2.TBPD 1a DCLTD:
a. Tnp 16,8 14,88 | 20,94 33,6
b. Axp 46.641| 34.174| 30.965| 31.759
Tram nguén
Nguén du phong 2
99,68%
99,8% _F'-
KVI <% >KV2
99,7%
99,53% 99,63% 99,83%
99.61% K ya4 99,76%
KV3 Nguon du phong 1

Hinh 8. Chi s6 DPTCCCP cac khu vuc

Dién ning mat do nging dién toan hé théng:

- Khi sir dung DCL thuong: 224.999kWh/nam;

- Khi str dung DCLTD: 143.539 kWh/nam.
Nhan xét: - Khi stt dung dao cach ly tu dong
DTCCCP cao hon nhiéu so véi sit dung
DCL thong thuong. Pién ning mit do
ngung dién giam 26,2% (khi khong co
nguén duy phong) va 56,7% (khi co du
phong).

- Khi ¢6 nguén dy phong DPTCCCD ciing
tang 1én rat dang ké, dic biét cac khu vuc
ndi tryc tiép v4i nguodn.
1V. KET LUAN

+ Trude nhitng yéu ciu ngdy cang cao vé an
toan CCD va chit lugng dién nang, viéc tinh
toan DPTCCCD cho cac ho phu tai trong ludi
dién c6 cAu truc phuc tap 1a ndi dung rat can
thiét d6i v6i thyc té hién nay.

+ M6 hinh HTCCD theo khu vuc (c6 cung do
tin cdy) rat thich hop véi ludi dién trung ap dé
xdy dung cac phuong phap tinh toan PTCCCD.
Trén co s& thiét 14p cac ma tran cAu trac va ma
tran anh huong TBPD c6 thé tinh toan dugc cac
chi tiéu co ban vé DPTCCCD théng qua cic quan
hé giai tich.

+ Céc két qua nghién ctru cho phép dua ra mot
s6 danh gia cu thé nhu sau:

- Str dung céc thiét bi phan doan ty dong 1a
bi¢n phap httu hiéu dé cai thién PTC cho cac
khu vuc va HTCCD. Giai phap nay dic biét co
hi€u qua khi xét cho HTCCD kin van hanh ho,
ludi o ngudn dy phong;

- Nhitng khu vuc ndi truc tiép vao ngudn dy
phong, muc d¢ cai thién d¢ tin cdy tang lén 1o
rét so voi cac khu vuc khac.
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