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Tém tit:

Bai bdo da xay dung mé hinh tinh toan khi két ndi clia ngudn phan tan (DG) vao ludi dién phan phdi
trong cac didu kién xuat hién nhiéu loai séng hai ca phia Iudi dién va phia DG. Phan tich cac yéu t&
anh hudng tdi cong suat phat (két noi) cia DG, xac dinh dugc mirc I6n nhat va nho nhat cta DG khi
két ndi cho mdt trudng hap Iudi hinh tia cu thé. Trong diéu kién cd nhidu séng hai ma ngudn phat
sinh la DG hay tlr séng hai hién hitu cta trén |ugi dién cé anh hudng la khac nhau. Su xuat hién cla
song hai sé lam gidm cong sudt phat ctia DG Ién IuGi dién véi mirc giam phu thudc vao tirng trudng
hop cu thé. Ngay ca khi mic nhiéu séng hai khdng vugt qué cac qui dinh hién tai thi cong sudt phét
clia DG ciing can phai gi6i han do lo ngai vé qua ap trén Iudi. K&t qua bai bo c6 thé 1a goi y cho cac
trudng hop trong van hanh Iugi dién va cac giai phap cd thé dé xudt dé giam mic dd anh hudng
clia song hai.

T khoa:
Cong suat tGi han, Nguon phan tan, Séng hai, Ludi dién phan phdi.

Abstract:

The paper has modeled electric power distribution networks with connected distributed generation
under condition of background harmonics of the network or generated harmonics from the DG itself.
Effect factors on hosting capacity of DG were also analyzed to show the maximum and minimum
level of generation in case of a radial network. Under harmonic distorted conditions where
harmonics were generated from DG or propagated from background harmonics, the effects of these
harmonics are different. They cause reducing in generated power of DG into the network differently
for different cases. Even if harmonic distorted level is not over the regulated limit, the generation
power of DG should to be controlled to avoid voltage from exceeding the available limit. The results
from this paper are directional in operating and dispatching electric distribution networks, and
proposing method to eliminate harmonic and its effects.
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1. MO PAU trién cac ngudn ning luong tai tao, tly
Trong xu huéng chung hién nay vé phat  thudc vao qui md cong suit va vi tri ma
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chung dugc két ndi vao ludi dién & cap
dién ap khac nhau. O phan khic luéi dién
phan phdi, cac ngudn dién d6 co cong
suit nho va nam gan phu tai hon cac nha
may dién 16n nén duoc goi 12 nguon phan
tan (DG). Su két ndi cac DG vao ludi dién
s& dan t6i nhitng thay ddi vé cau tric va
mot sb van d& vé k¥ thuat lién quan nhu
kha niang tai, chat lugng dién ap, bao vé
trong ludi dién, d6 tin cay cung cap
dién... Trong d6, cac van dé vé dién &p co
thé ké dén 1a gia ting dién ap, suy giam
dién ap, dao dong dién ap, song hai di¢n
ap, va la rang buoc trong viéc xac dinh
cong suét két ndi cua DG [1]. Song hai
dién é&p tai diém két ndi cé thé 1a tir phu
tai phi tuyén, séng hai lan truyén trén luéi
dién hoic do ban than cac ngudn phan tan
c6 str dung cac bo bién d6i gay nén [1-3].
Tiéu chuan vé song hai trén ludi ciing
duogc dé cap trong cac tiéu chuan [4, 5] va
1a can cir dé thuc hién cac nghién ctu xac
dinh mac d6 thdm nhap cua DG vao ludi
dién trong cac diéu kién nhidu séng hai
[5-15].

Cac nghién ctru ciing chi ra mot sb bién
phap nham nang cao cong suat két ndi cua
DG vao ludi dién nhu su dung bd loc
song hai, diéu chinh phu tai, diéu chinh
dién ap dau phan &p may bién ap, diéu
chinh dai cong suat phat phan khang cua
DG dé nang cao cdng suat phat tac dung
[5-15]. Céc giai phap do khong phai ludn
dugc 4p dung ma s& phu thudc va diéu
kién ludi dién cu thé.

Trong nuéc ta, cac ngudn dién ning
lrong tai tao nhu gid, mat troi c6 cong

(ISSN: 1859 — 4557)

suit 16n két ndi vao ludi truyén tai, va co
nghién ctu néi vé anh huéng caa ching
nhu trong [16]. DSi véi lusi dién phan
phdi va van dé xac dinh mac thAm nhap
cua DG theo tiéu chuan vé song hai theo
qui dinh [17] thi chua c6 cong trinh nao
cong bd.

Céc phan tiép theo cua bai b4o s& ban vé
khai niém vé cong suat két ndi téi han caa
DG ciing nhu anh huong caa nhiéu song
hai tir cAc ngudn khac nhau. Tinh toan va
mo phong duoc thuc hién trén ludi dién
phan phdi trung &p véi qui dinh song hai
cu thé cua Viét Nam, tir d6 chi & phuong
thirc 4p dung céac giai phap nham nang
cao muc thdm nhap cua DG.

2. CONG SUAT TOI HAN CUA NGUON
DPIEN PHAN TAN

Cong suat téi han (Hosting Capacity -
HC) cia ngudn phét dién phan tan (DG)
la céng suat 16n nhat cua n6 cd thé két noi
vao ludi dién ma néu vuot qua s& dan dén
su vi pham maot hozc mot sé tiéu chuan ky
thuat cua lugi dién. Cac chi tiéu ky thuat
d6 co thé 1a gisi han trén hoic gigi han
dudi vé kha ning tai cua duong day, chat
luong dién ap, do tin cdy, nguong tac
dong caa bao vé role, sy phdi hop cua cac
thiét bi bao vé... [1].

Nzguén
Upec Phan tan

Luéi
dién U Zz=R+X

Hinh 1. So’ d6 tinh toan anh hwéng ctia DG
téi dién ap nat
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Trong nghién ciru anh huong cua DG véi
ludi dién vé chi tiéu dién ap, mo hinh nhu
hinh 1 thuong dugc ap dung. Khi d6 DG
phat cong suit tdc dung duoc xac dinh
nhu sau:

_plrka Ug G (6—5)

P =
“ 'l+k,a R l+k,a @)

trong do: Ugy - dién 4p dinh mac mang
dién; 5,5, 1a cac ti s6 cua dién ap tai
diém dau ngudn va diém diu DG so voi
gid tri dinh muc; a=X/RVéi R, X -
dién tro va dién khang duong day tu
nguon téi diém két ndi DG; k, =Q /P
va k, =Q,, /Py,

Tir (1) 6 thé thay, cong suat phat caa DG
phu thudc nhiéu yéu té: céng suat phu tai,
hé s6 cong suat caa phu tai va cua ban
thdn DG, ti s6 X/R cua ludi dign. Voi
mang dién hinh tia (hinh 1), khi diém két
ndi cang vé cudi duong day thi dién tro R
cang 16n, cong sut tai cudi lugi cang nho
nén Py, S& cang nho. Trong thuc té van
hanh luéi dién, hé s6 cong suat thuong
dugc duy tri & mac trén 0,9 va ti 1€ X/R
cua ludi trung 4p (<35 kV) ~ 2, va xét
trong diéu kién phu tai va DG c6 cung hé
s6 cong suat ta co:

Udzm e (5_5pc0)
—P-

R 2

Tir (2) 6 thé thay, cong suat phat caa DG
I6n nhat khi phu tai phia sau diém két ndi
la 16n nhat va &, (5—5pm) nho nhat.

)

Tuc 13, cdng suat phat cia DG phu thudc
vao dién 4p dau ngudn, ton that dién é&p

trén duong day, va gidi han trén cua dién
&p. Tuc 1a néu sut &p cang 16n, gisi han
dién 4p cang cao thi cdng suit DG két ndi
S€ cang tang, thé hién nhu hinh 2.
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Hinh 2. Céng suét phat ctia DG phu thuéc sut ap
va gi¢i han dién ap trén lwéi dién

3. ANH HUONG CUA SONG HAI

Trong van hanh, cac ngudn phan tan két
ndi qua bo bién doi nguon ap sé& phat sinh
song hai bom vao ludi dién. Lugng song
hai phat sinh cua cac bo bién d6i duoc
khdng ché theo tiéu chuan nén anh huong
toi mirc phéat cua DG 1a nho [7], tuy nhién
chiing van tuong tac vé6i ludi dién va co
nhitng anh huong nhat dinh can duoc xem
xét [8-12].

Bén canh do, trong ludi dién con ton tai
cac phu tai phi tuyén, cong véi su lan
truyén séng hai trong nhiéu trudng hop
tro vé diém két néi cua DG ciing 1am cho
gioi han séng hai tai d6 bi vi pham [8-12].
Cong thuc (1) va (2) dugc xay dung cho
truong hop luai dién khdng c6 séng hai,
cac dai luong twong g & tan s6 co ban
cua luéi dién. Khi c6 séng hai ta co thé
ma& rong cdng thirc cho ting thanh phan
s6ng hai xuat hién nhu (3).
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o | R (D)
Pdg :é _Udzm 5pcc(h)|:5(h)_é‘pcc(h):| (3)
R 2

trong d6 h la bac song hai, hma 1a bac
séong hai lon nhit duoc xét téi:
s(h), 5, (h)1ati sb dién ap ciia cac thanh
phan dién ap hai diu ngudn va tai diém
két ndi DG.

Co6 thé thay, ngoai thanh phan cong suat
co ban ¢ tan sb 50 Hz con c6 thém céc
thanh phan cong suat & cac tan so khéc.
Khi bién d6 cac thanh phan s6ng hai riéng
Ié ting, tong d6 méo THDy ting, dan toi
cong suat DG két ndi s& bi giam xudng.

4. MO PHONG VA DANH GIA KET QUA

M6 hinh mé phong cua hé thng dugc thé
hién nhu trong hinh 1. Hé théng dién c6
cap dién ap 22 kV, cong suit ngan mach
500 MVA, dién ap dau nguon la 1,02 p.u.;
duong day trung ap su dung day AC co
ro = 0,27 Q/km, Xo = 0,37 Q/km; DG két
ndi cach nguon 5 km, DG két ndi qua
MBA phén phdi 22/0,4 kV ¢6 xg = 5%; &
tan sb co ban phu tai 16n nhat toan bo ludi
dién phia sau diém két néi DG la 10 MW,
cose = 0,9. Phy tai cuc tiéu bang 25% phu
tai cuc dai.

Tu (2) c6 thé thiy trong truong hop
khong c6 song hai Pggmax = 10,02 MW va
Pdgmin = 2,48 MW.

So db thay thé tinh toan mang dién thé
hién nhu hinh 3.

Ché d6 xac 1ap cua mang dién c6 thé duogc
tinh todn qua viéc giai phuong trinh mo ta
gua quan hé sau:

L =Y,.U, 4)

(ISSN: 1859 — 4557)

trong d6 Y, , I, ,U, la cac ma tran cac dai
lugng vecto phtc tong dan, dong dién va
dién ap cac nut ¢ tirng bac hai h.

Zut(h) Udh)  Za(h) Usee(h)  Zso(h)
1 1
I LT L
Usg(h)
Ukir(h) Zisi(h)

Hinh 3. So d6 thay thé tinh toan mang dién

Dé c6 thé tinh toan duoc ché do xac lap,
c4c phan tur trong so dd thay thé ciia mang
dién phai thé hién duoc su thay doi theo
tan so, tic 1a téng dan hai cua chdng.

Tong dan caa duong day duoc xét téi la:

y -1
R+ jhX, ©)

trong do6 h la bac song hai; Ry 1a dién tro
va Xq la gié tri dién khang & tan s co ban
(@, =27 f,) cua ludi dign.

Phu tai tuyén tinh Py + jQu trén ludi dién
dugc mo ta la nhanh song song dién tro
va dién khéng:

1 ) .
Yh,tai = F[Ptai - ]%J (6)

Cac ngudn gay hai trong hé thdng dugc
mo ta nhu cac ngudn ap trong so do thay
thé Thevenin.
Qua trinh tinh toan duoc thuc hién nhu
trong hinh 4.

Vi phan tich da dugc chi ra trong muc 3,
song hai tor DG hoac séng hai hién hiru
trén ludi dién déu c6 thé cé anh huong,
tién hanh khao sat trong céac truong hop
sau:
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e TH1: Nguon hai tir DG. Bé quan sét rd
hon anh hudéng cua séng hai, ta xét truong
hop céc murc hai cua cac ngudn tuong tng
ngudn hai cua b bién ddi 6 xung, bao
gom céc song hai chu yéu 1a 5, 7, 11, 13;
trong d6 16n nhat 12 4% séng bac 5;

e TH2: Ngudn hai tir ludi, xét su xuit
hién cac s6ng hai c6 thé xuat phat tir ludi
dién la 5% hai bac 5;

e TH3: Anh hudng két hop ca ngudn hai
tur lugi va tie DG.

[ Bit dau, nhap sé liéu ]
v
Khoi tao dién &p hé thong
U, dién ap ngudn DG Uy,

v

Tinh ma tran tong
dan

v
Gan Ug=[Unr; Uggl

A

A
Tinh U :[Ul;UpCC] tur (4)

Cap nhat Y,

saiso = |U-Uy| Géan Ug=U

A

saiso <10

Pho hai dién &p nut, céng
suit cua DG

v

[ Két thac ]

Hinh 4. So’ dd khéi mé phéng

Dé lam co s¢ so sanh, ta xét trudng hop

hé thdng tuyén tinh, cac ngudn hoan toan
sin chuan (THO). Két qua nhu sau:

U; =1,015 p.u.; THDy1 = 0 %;
Upcc = 0,98 pU, THDUpCC = 0 %,
Pyg = 8,434 MW,

Két qua cac truong hop duoc thé hién
trong céc hinh sau:

(a) (b)
0.6 3
<04 )
o o
< [
502 51
&) a)
0
1 3579111315 1 3579111315
Bac hai Bac hai
(©) (d
4 1.5
= = !
< 2 <
5 505
A A

13579111315
Bac hai

1 3579111315
Bac hai

Hinh 5. Phd hai dién ap cac nat U, (trai),
Uqg(phai) trong TH1 (a, b) va TH2 (c,d)

(*})

Dien ap (kV)
: o

L L L L

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Thoi gian (s
) gan(s g

~

Dien ap (%)
[\S)

1 3579111315
Bac hai

1 3579111315
Bac hai

Hinh 6. Dang séng va phé hai dién ap TH3
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Bang 1. Két qua tinh toan cac trwong hop

Th | Ysms | THDU1 | Upcorms | THDupee | Pag
(pu) | (%) | (p.u) (%) | (Mw)
0 | 1,015 |- 0980 |- 8,434
1 11,080 | 0808 | 1,043 | 3,568 | 8412
2 | 1,058 | 4,221 | 0994 | 1623 | 8421
3 | 1,073 | 4,850 | 1,059 | 4892 | 8428

Quan sét két qua tir cac trudong hop trén ta
c6 thé nhan thay ring mac du qua mac hai
4% cua séng bac 5, qua MBA két ndi thi
ti 1& giam xudng dudi 3%. Tong do méo
song hai cling nho nhung ciing lam dién
ap tai diém két néi DG tang cao, nhung
ciing khong lam céng sudt DG ting ma
con giam so vaéi truong hop co sé (THO).

Trong truong hgp song hai hién hau tu
ludi dién trong TH2 vai 5% song hai bac
5 vuot qui dinh, gay nhiéu mot mac THD
nho cua dién &p tai diém két ndi, nhung
cong suat DG ciing giam nhiéu do dién ap
tai d6 ciing khong cao (lién quan ton that
dién ap). Su lan truyén séng hai nay con
tuy thudc vao ti 1€ X/R cua ludi dién va
néu xuit hién cong huong tai cac tan sd
ctia song hai hién hitu thi c6 thé gay giam
cong suat phat DG nhiéu hon.

Trong truong hop TH3, tong hop hai
ngudn co thé dan téi qua dién ap tai cac
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diém trén ludi, dac biét 1a diém két noi
DG mic du THD nim trong gigi han cho
phép. Chinh sy ting dién &p tai cac diém
dan t6i mac giam cong suit phat co thé
nhé hon. Chinh vi 1y do qua ap ma cac
truong hop can phai xem xét ky dé co
danh gia tong quan dua ra cic giai phap
khéc phuc.

5. KET LUAN

Trong ludi dién c6 két ndi ngudn phan
tan, song hai xuat hién trén ludi dién co
thé 1am giam cong suat két ndi caa ching.
Diéu d6 c6 thé khong dén tir viéc ti Ié cac
thanh phan séng hai hay tong d¢6 méo bi
Vi pham, ma ciing c6 thé do dién 4p tai
diém két néi tang qua muc cho phép.

Két qua cua bai bao cho thay viéc xét
téng thé va toan dién cac truong hop xuat
hién séng hai va anh huong l1a can thiét ¢é
c6 phuong an van hanh va giai phap loai
tre anh hudong cua séng hai phu hop.
Truong hop cac DG co ti 1€ phat sinh
s6ng hai la cha yéu (c6 thé khdng vi pham
giéi han cho phép) thi can phai han ché
cdng suat phat caa DG. Bén canh d6 song
hai hién hitu trén ludi dién lan truyén c6
thé triét tiéu bang cac giai phap bu don
gian.
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