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PHAN TiCH ON PINH PIEN AP TRONG HE THONG PIEN CO KET NOI CAC
MAY PHAT PHAN TAN
Trinh Trong Chudéng
Pai hoc Cong Nghiép Ha Noi
ABSTRACT

It is very common today to find renewable energy resources connected to distribution
systems. The impact of this DG on voltage distribution levels has been addressed in the literature.
Distributed generation is electric power source sited close to electricity consumption places thus
eliminating the unnecessary transmission and distribution costs. In addition, DG can reduce the
use of fossil fuels, add versatility of source and reliability of power supply, reduce power losses
and improve the distribution feeder voltage conditions. This paper presents a method to study
the relationship between the active power and voltage (PU) at the Point of Common Coupling
to identify the voltage stability limit. It is a foundation to build a permitted working operation
region in complying with the voltage stability limit at the load bus. This method can be used in

teaching to students at the Faculty of Electrical Engineering

TOM TAT

Nguén dién phan tin DG (Distributed Generation) 14 nguon phat duroc 1ap dit gan noi
tiéu thu dién nang nén loai trir duoc nhitng chi phi truyén tai va phan phoi khéng can thiét. Hon
nita, né cé thé giam viéc sur dung nhién liéu hoa thach, tang cuong tinh linh hoat cua nguc”;n dién
va do tin cdy cap dién, gidm ton that va cai thién diéu kién dién dp duong diy phan phéi. Bai béo
ndy sé trinh bay mét phirong phdp dénh gid 6n dinh dién dp cuia hé thong cung cap dién khi két
néi mot nguc”in DG dua trén viéc phan tich biéu do pha dién dp va so do thay thé mang dién; sau
d6 thanh I4p biéu thirc quan hé giira cong suat va dién dp tai nit tii dé x4y dung mién 6n dinh
dién 4p bang dic tinh P-U. Phuong phép dé xuat cé thé ap dung gidng day cho sinh vién chuyén
nganh Ky thudt Pién trong cdc tinh todn phan tich 6n dinh dién dp va phan tich chat lrong dién
nang trong hé théng dién.
ludi dién, gié‘m chi phi nhién li€u, chi phi van hanh

L. GIOI THIEU va cac yéu cau du phong. Tuy thudc vao ciu triic

Nguon dién phan tan (DG) s& ngay cang dugc ing
dung nhiéu trong ludi dién phan phdi tuong lai
vi nhitng 1y do chinh sau: thir nhat 13 do viéc thi
truong dién dd mé ctra cho cac nha dau tu tham
gia & tat ca cac dang ngudn ning luong, thir hai
d6 1a cac ngudn ning luong hoa thach dang ngay
cang can kiét trong khi y thirc bdo vé moi truong
cua nguoi dan tang 1én. Mot 1y do nira d6 1a tinh
trang bao hoa ctia cac mang dién hién c6 cung voi
sy phat trién rat nhanh cta nhu cau phu tai trong
khi viéc xay dung cac ngudn truyén thong cong
suat 16n can nhiéu thoi gian. Khuynh hudng nay
duogc tao ra con boi nhitng hiéu qua chinh ma DG
mang lai khi tham gia vao ludi phan phdi.

Khach hang st dung DG dé giam bét ganh ning
cong sudt vao gid cao diém, giam tén hao dudng
day, cai thién chét luong dién ning, ting cudng
dd tin cay va than thién v6i moi truong. Nha cung
cép st dung DG dé giam 4p luc v& dau tu cai tao

cua ludi dién va cong nghé may phat DG ma su
anh huong ciia DG 1a khac nhau: Tht nhat, ludi
dién phan phdi bi giéi han bai nhimg rang budc
vé on dinh dién 4p va kha nang tai cua dudng day,
thiét bi. Thir hai d6 1a céc tiéu chuan co ban cho
phép két ndi vao luéi dién phan phdi (tiéu chuan
vé cap dién ap, tan sd...) bi anh hudng boi ky
thuat va cong nghé ché tao DG.
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Hinh 1: Cac loai DG két ndi vao hé thong dién
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Khi sb luorng DG tham gia nhiéu trong ludi dién
s€ ¢o the nang cao chét lugng dlen ap van hanh
cung cap dién ap hd trg trong sudt qua trinh sy c¢b
dé cai thién d6 vdng dién ap trén dudng day. Hon
nira, DG nang cao dugc d0 tin cay cép dién 0 rét
khi mdt may phat du phong khdi dong chi trong
vong 2 phut. Tuy nhién, nhitng van dé khac c6 thé
ndy sinh nhu:

- Gay ra su gia tang d§ 1on toan bd cac dong dién
chay trong mang, dleu nay dan dén nhiing phan
tir trong mang s& gan dat dén gi6i han nhiét do
cua ching.

- Gay ra cac dao dong dién ap, do vong dién ap
va dién ap budc co gia tri 16n trén ludi dién trong
subt qua trinh van hanh, khoi dong hay ding do
su ¢b cua DG.

- Tao ra sy méo dang song hai trén ludi dlen do
cac bo bién doi dién tir cong sudt giao tiép voi
ludi dién.

- Lam tang mrc d6 dong su cd do téng trd su cd bi
giam khi DG mic song song véi ludi dién. Role
clia may cat bao vé duong day khong do ludng
dung dong su ¢ thuc; Pham vi hoat dong cua
Role téng tro bi giam [2].

- Dong chay cong suat trén ludi thay doi hudng
cua n6 so vdi ban dau néu cong sudt phat ctia
ngudn phat lon hon cong suat phu tal cuc bo tai
noi n6 duge gan vao. Viéc cat khong can th1et do6i
v6i DG do anh huéng cua nhitng sy ¢ ngan mach
trén duong day lién ke.

- Tinh trang van hanh c6 lap ctia mot phén ludi
v6i ludi dién chinh dang cung cap, phan ludi bi
¢6 1ap van tiép tuc van hanh va duoc cung cip boi
ngudn phat DG két ndi véi no. Tuy nhién day la
tinh trang van hanh khéng dam bao 6 6on dinh dugc
ca tan s va dién ap.

Trong pham vi bai bio khong thé dé cap hét cac
ndi dung néu trén ma chi di séu nghién cuu mot
ndi dung quan trong la: phan tich anh huong cua
DG dén giéi han 6n dinh dién ap cua mang dién.
Phuong phap nghién ctru duoc thuc hién bang
viéc thanh 1ap mdi quan hé giira cong suat va dién
ap thong qua so d6 thay thé Thevenin, sau d6 xac
dinh gi6i han 6n dinh dién ap khi thay ddi hé sb
cong suat tai nat két ndi. Két qua cta phuong
phap duge dé xuat tmg dung tinh todn cho mot
mang dién trung ap 22kV két ndi mot nha may
dién gio (WF).

2. MO TA GIOI HAN ON DINH DIEN AP
BANG CAC PUONG DPAC TiNH P-U VA
Q-U

Mot hé théng dién bi mat 6n dinh khi dién ap gia
tang qua pham vi cho phép hodc khong thé khoi
phuc duogc dién ap tro vé gia tri ban dau khi xay
ra hién tugng suy giam dién ap; khi cong suit phu
tai gia tang hodc khi thay ddi cac didu kién véan
hanh. Khi van hanh binh thuong, dién ap tai nut
s& tang khi lugng cong suét phan khang Q bom
vao nut tang lén. Tuy nhién khi dién 4p cua mot
nat nao d6 trong hé théng giam khi van ting cong
suat phan khang, thi h¢ thong 1a khong can bang.
Khac véi 6n dinh tan s6, 6n dinh dién ap 13 hién
tugng mang tinh dia phuong, anh huéng cua nod
dén hé thé)ng dién phy thudc vao mbi quan hé gitia
cong suit tac dung P, cong suat phan khang Q va
dién ap nit U. Mdi quan hé nay déng vai trd quan
trong trong viéc phan tich 6n dinh, dugc biéu dién
boi cac dac tinh PU, QU, hay PQ [1].

2.1. Dac tinh P-U
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Hinh 2: Pac tinh P-U

Khi xét dén 6n dinh dién ap, mdi quan hé giira
cong sudt tai P va dién ap nat U dugc quan tim
hon ca. Qua trinh phéan tich on dinh dién ap thuc
chat 1a cho ting dan cong suét tac dung P tai nat
can nghién ctru va nghién ctru dién bién dién ap,
xéc dinh diém gidi han U, , cho dén khi dién ap tai
nut d6 sup do.

Trong hinh 2 biéu dién duong dic tinh P-U. N6
mo ta su thay ddi cua dién ap nuat phu thudc vao
cong sut tic dung cua nut d6. Pién ap s& suy
giam khi cho ting dan cong suit tic dung P (nhu
cau phu tai). Khao sat quan hé gifra dién ap va
cong suat nat tai (PU) cho thiy ton tai diém (P
) day chinh 1a diém gi6i han 6n dinh dién ap
nut ta1 bién ap gidi han U chi phu thudc vao
hé sd cong suét cua phu tai ma khong phu thude
vao dién khang ctia duong day. Trong kh1 do cong
suat gidi han P, , phu thudc vao hé s6 cong suat
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ctia phy tai dong thoi ti 1¢ nghich véi dién khang
cua duong day. Hé sé cong sudt cang bé thi cong
suat tac dung gioi han P, s&cang giam, nhu Vay
st dung ty bu ngang co the ning cao cong suit
gi61 han cta phu tai.

2.2. bac tinh Q-U

Trén hinh 3, truc Q biéu dién cong suat phan
khang can duoc thém vao hay bot di tai mot nat
nao do dé cé thé duy tri dién ap & mot muirc do on
dinh cho phép. Gidi han cong suat phan khang
1a khoang cach cong suét phan khang MVAR tir
diém van hanh dén day ctia dudng cong, diém
t6i han cta cong sudt phan khang. Puong cong
c6 thé duoc str dung nhu 1a mét chi tiéu cho viée
danh gia mat 6n dinh dién ap (khi iy dQ/dU s&
di dén gia tri am). Gan dinh ciia dudng cong
QU, d6 nhay rat 16n va sau d6 d6i dau.
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Hinh 3: Pac tinh Q-U

Ciing c6 thé thdy rang duong cong co thé biéu
dién 2 gia trj dién 4p duong tai cling mot gia tri
cong sudt phan khang Q. Hé thng van hanh &
gié tri dién ap thap hon s& phai doi hoi mot dong
dién cao dé phat ra cong suat. P6 1a 1y do tai
sao phan day cua dudng cong dugc phan chia
thudc vao ving khong 6n dinh, hé théng khong
thé hoat dong bén viing tai diém nay. Tir giao
diém ctia dudng gidi han 6n dinh va duong cong
Q-U ta c6 thé nhan ra rang phan trén cia do thi
1a ving 6n dinh va giao diém nay ciing chinh 1a
diém gidi han on dinh. Hé théng s€ hoat dong
6n dinh hon néu diém véan hanh xa véi diém giéi
han 6n dinh [1].

3. PHUONG PHAP PHAN TiCH ON DINH
DPIEN AP TRONG MANG DIEN KET NOI
DG

Mot hé thong dién két ndi may phat DG c6 thé
dugce mo ta tong quat nhu trong hinh 4 [1].
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Hinh 4: Hé thong dién két ndi DG
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Hinh 5: Biéu d6 pha dién ap

Trong hinh 4, mot ngudn phat twong duong phia
hé thong co dlen ap U Z6 cung cap dign cho mot
nut tai két ndi DG c6 dién ap danh dinh U Z£0
qua mot dudng day tai dién co thong sb dac
trung ABCD trong so do thay thé Thevenin.

Céc gia tri modul dién ap pha cia biéu dd vecto
trong hinh 5 sau khi nhéan véi cung gia tri (U, /Z)
s€ duogc xoay di mét goc -¢ (¢ 1a goc léch pha
giita dién ap va dong dién & nut 2) duoc biéu dd
vecto nhu hinh 6 [3].

Hinh 6: Biéu d0 vecto trén mat phang cong
suét

Cong suat tai niit 2 dugc mo ta boi phuong trinh

[4]:
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Hinh 7: Cac budc xac dinh mién 6n dinh dién
ap theo phuong phap dé nghi.

Nhu viy, dd xay dung dugc mdi quan hé giita
cong suét va dién ap tai nut tai thong qua cac
thong sé ciia mang dién va dién ap nguon T
cac biéu thirc trén nhan thy: cong suét gi¢i han
tai nut 2 phu thudc vao cosQ, sm(p, Z, nghia la
phu thudc tinh chét cua nit két ndi va thong 5O
dudng day. Cac budc xac dinh mién 6n dinh
dién ap ciia may phat dién gio ni ludi cho trong
hinh 7. Trong thuat toan trén, budc quan trong
1a x4c dinh mirc thay d6i cta A3, khi A8 trong
khoang gié tri hop ly s€ xac dinh duoc 2 gia tri
cua dién ap U d6i ximg nhau tng voi mdi gia tri
cua cong sudt tac dung P. Néi cac diém nay trén
mit phang s& xdy dung dugc dic tinh P-U cho
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mdi so do cu thé. Uu diém ciia phuong phap nay
la dé thyc hién, két qua chinh xac va dé hoi tu.

3. UNG DUNG TINH TOAN

Mot ludi dién trung ap két néi mot nha may dién
gi6 (WF) cong suat 7,5 MW nhu hinh 8. Ludi dién
gdm 20 niit, van hanh & cap dién ap danh dinh 22
kV, ¢6 19 nhanh duong duong day. WF két ndi
tai nat 20, dién ap dau cyc may phat 1a 0,69 kV
va dugc nang ap boi mot may bién ap 0,69/22 kV
cong suat 10 MVA. Tong trd Thevenin tinh dén
diém két ndi WF 1a Z = 1,277 +7,695 Q (trudng
hop c¢6 WF) - hinh 9. Chi tiét théng s6 ctia mang
dién cho trong [1].

Hé théng dugc mé phong qua 2 kich ban:

- Thir nhét: cho WF ndi ludi va phat cong suit.
Giit cong suit phat P ¢6 dinh bang 7,5 MW, cho
thay d6i lwong phat cong suat phan khang Q vao
luoi, theo doi gia tri 6n dinh dién ap tai cac nut
tai.

- Thir hai: khong c6 két néi WF trong ludi dién.
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Hinh 10: Mién én dinh dién ap nut 12 kln két néi WF
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Hinh 11: Mién 6n dinh dién ap nut 12 khong két noi WF

Nhan xét:

Su tham gia cua may phat dién gi6 c6 anh hudng
dang ké dén gioi han 6n dinh dién ap cua ludi
dién. Trong hau hét cac trudng hop, chung déu co
tac dung mé rong mién On dinh cua ludi dién.

Trong truong hop WF chi phat cong suit tac dung,
gid tri cong sudt gidi han tai nut 12 bang 8,2 MW
(hinh 10). Sau gi4 tri nay néu tiép tuc ting cong
sudt phu tai tai ntit 12 s& dan dén sup d6 dién ap.
Pay ciing 1a mot truong hop thyc té khi WF 1a
cac may phat dién gi6 toc d6 cd dinh khong dugc
trang bi thiét bi bu cong suit phan khang. Khi c6
bu cong sut phan khang (truong hop ¢ = 10° sém
pha) cho thay gia tri cong suét va dién ap giéi han
tang 1én dén 9,2 MW. Khi ting cong suat bu (ing
voi @ = 20° sém pha), cong suat gidi han tai cac
nut tai cling dugce nang 1én 16 rét (11,5 MW), tuy
nhién d6 du trit 6n dinh thip, mic dién ap gidi
han kha g'?m voi muc dién ap van hanh.

4. KET LUAN
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Bai bio di dé xuit mot phuong phép xac dinh
giori han 6n dinh dién 4 ap trong mang dién két ndi
ngudn dién phan tan. Két qua cua phuong phap da
so sanh véi két qua mo phong ctia mot hé thong
dién 2 nut [3], sai s6 twong ddi giira hai phuong
phép chi 1a 2,5%. Phuong phap nay dac biét hi¢u
qua khi ap dung cho céac luéi dién kin; hon nira
trong qua trinh nghién ctru 6n dinh dién ap khong
can cho ting dan cong sudt tai nut tii nhu cac
phuong phép truyén théng khac [4, 5].

Qua khao sat quan hé cong suit va dién ap tai
nut két ndi cho thay ludn ton tai mot cap nghiern
(P, U,)- Day chinh 1a diém gi6i han on dinh
dién & ap, n6 cho biét kha nang phat cong suét cuc
dai cia WF tng véi cac diéu kién huy dong cong
sudt phan khang khac nhau Blen ap gidi han U,
chi phu thugc vao hé sé cong suat ctia phy tai ma
khong phu thudc vao tong tro cia duong day.
Trong khl do cong sudt gioi han P . phu thudc
vao hé sd cong suét ctia phy tai dong th(n ti ¢
nghich véi tong tré cia duong day. Hé sb cong
suét cang bé thi cong suat tac dung gidi han P, s¢
cang glam nhu vay st dung tu bu ngang tal nut
két ndi co thé nang cao kha niang phat ciia WF va
cai thién chat luong dién &p cua mang dién.
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