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TOM TAT

Qud trinh bir cong sudt phan khdng trong mang lwdi dién véi phwong phdp bii phan tan
mang lai hiéu qua 16t hon thay vi bu tdp trung tai mot vi tri. Hiéu qua 16i wu phu thugc vao viéc xac
dinh dung lwong b, vi tri dét hop Iy theo théng sé phu tdi thuc té ciia mang lwdi dién. Qud trinh
thu thdp dir liéu phu tai va thyc hién qua trinh diéu khién do’ng-cd't dung luwong bu co thé dwoc thuc
hién bang hé thong diéu khién phu tai bang séng (Ripple Control). Bai bdo nay sir dung thudt todn
diéu khién tinh todn dung heong bl theo sudt giam chi phi ton thit cong sudt va thoi gian thu hoi von
dau tw nham giam ton thdt trong mang ludi dién dén mirc toi thiéu. Ludi trung dp 35kV vimg Udng
Bi, Qudng Ninh dwoc khéo sat va kiém nghiém cho hiéu qua ciia qud trinh déng-cat dung hrong bi.

Tir khéa: Bi cong sudt phan khdng; Piéu khién bang song; Ludi trung dp; Ton that dién
nang.

ABSTRACT

The process of compensating reactive power in the power grid with the distributed
compensation method brings better efficiency than centralized compensation at one location. The
optimal efficiency depends on determining the compensation capacity and the appropriate location
according to the actual load parameters of the power grid. The process of collecting load data and
implementing the process of controlling the opening-closing of compensation capacity is executed
by the ripple control system (Ripple Control). This paper uses the control algorithm to calculate
the optimal compensation capacity according to the power cost reduction rate and the investment
recovery time to minimize losses in the power grid. The 35kV medium-voltage grid in Uong Bi,
Quang Ninh, is surveyed and tested for the efficiency of the closing-opening of compensation

capacity.

Keywords: Reactive power compensation, Ripple control; Medium voltage grid; Power
loss.
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1. PAT VAN PE

Van d& sir dung hiéu qua va tiét kiém
nang lugng hién nay dang dugc quan tdm khi
ma cac ngudn ning luong so cAp ngay cang can
kiét. Theo chuong trinh quan 1y nhu cau dién
(Demand Side Management - DSM) diéu khién
phu tai truc tiép sao cho hiéu qua va kinh té,
pht hop v6i kha ning cung cip cua ngudn dién
ludn 12 mot giai phap duoc uu tién hang dau.

Ung dung cua hé thong diéu khién phu
tai bang séng (Ripple Control - RC) [2] trong
viée tiét kiém nang lugng ddi voi cac hé thong
nhu diéu khién linh hoat hé thong chiéu sang
cong cong, diéu khién gia dién cho cong to
nhiéu gia, hé thong thu thap dir liéu va diéu
khién giam sat tir xa (SCADA), str dung kénh
truyén thong tin RC dé diéu khién dong - cit
cac phu tai dién tir trung tim diéu khién... Qua
trinh nghién ctru vé 1y thuyét va phan tich kha
ning ng dung cua cong nghé diéu khién phy
tai bang song chua dugc xem xét day du, dic
biét 1a 4p dung diéu chinh nhu cau tiéu thu dién
ctia phy tai DSM dé dong-cat dung luong bu
nham giam ton that nang lugng trong ludi trung
ap.

Bai toan bu cong suit phan khang la
giai phap pho bién dé giam ton that dién ning
va dam bao chat luong dién 4p trong mang luéi
dién [1], [4], [5], [6], [8], [9]. Hi€u qua bu phuy
thudc vao tham sd ctia mang, dung luong bu va
vi tri dat cua thiét bi bu [4], [5]. Thong sb cua tai
thay ddi lién tyc theo thoi gian trong ngay, nén
viéc dat bu voi dung lwong bu ¢ dinh khong
mang lai hi€u qua cao [6]. Do do, viéc thu thap
s0 liéu phu tai thoi gian thyc va tinh toan lai vi
tri bu hop 1y 1a mot yéu cau cip thiét. Qua trinh
nay c6 thé duoc sir dung hé théng didu khién
phu tai bang song (Ripple Control - RC).

So d6 nguyén 1y ng dung hé thong
diéu khién phu tai bang séng trén duong day
trung 4p dugc dua ra trén Hinh 1. Trong do,
hé théng thong tin tai ba (Power Line Carrier
- PLC) st dung séng cao tan mang thong tin
diéu khién (RC) xép chdng véi dang séng dién
ap trén duong day tai dién [2]. Phia tram bién
ap phan phoi (35kV/0,4kV) nhdn tin higu diéu
khién tir tram bién ap trung gian (TBATG) thuc
hién chirc nang dong-cit dung luong bu dé dat
dugc toi thiéu hda mirc ton that cong suat (ton
that dién niang) trén mang ludi dién.

TBATG

| Trung ap 35kV | Ha ap

Q0D S e B < @ Phuy tai
RC
-- «--] Maybiénép
May phét May thu phan phdi (dong/cét)
tin hiéu tin hiéu 0,4 kv

Qv

Hinh 1. So do nguyén Iy hé thong diéu khién phu
tai bang song RC

2. NOI DUNG VA PHUONG PHAP
NGHIEN CUU

2.1. Bai toan bui cong suit phin khang

Qua trinh bu cong suit phan khang
duogc thuc hién phan tan tai cac vi tri khac nhau
trong mang ludi dién. Nguyén tic bu:

05P _ O(AR~AP)
00, 00,

VG6i AP, AP, - Tén that cong suit trong
ludi dién trude va sau khi bu, tu do tinh ra dung
lugng bu Q,(t). Khi thong s6 phu tai cua ludi
thay doi theo thoi gian trong ngay, tri sb dung
luong bu can phai thay d6i twong ung dé dat
hiéu qua bu cao nhét [6].

=0

Véi so db tinh toan cho mang luéi dién
hinh tia nhu trén Hinh 2, két qua bu t6i uu véi
dung lugng bu tai nut j dugc xac dinh theo cong
thirc nhu sau:
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Z RiQi

ieD
Trong d6: R, 14 tri sd dién tr clia cac day
dan trén duong di (D) tir nguon dén nut bu j [7].

2.2. Xac dinh vi tri, dung lwgng bui toi wu
theo suat giam chi phi ton that va thoi gian
thu hoi von dau tw

Khi thyc hién bu cong sudt phan khéng,
suat giam chi phi ton that cua thiét bi bu p la
loi nhuan thu duoc do giam ton that khi bu 1
don vi cong suat phan khang: S =0AC /0AQ,
, ddng/kVarnam [3]. Vi ham loi nhuan: AC =
2.1.0P, voi g - Gia ban dién, t - Thoi gian ton
thit cong sudt 16n nhat, 5P - PO giam ton that
cong suit do dat thiét bi bu [3]. Thoi gian thu
hoi von T, can thiét ciia thiét bi bu dat tai nit j
duoc xac dinh theo cong thirc sau:

| Z Sty 1 Z: St 2 Zs Sy(t) 3

Ps(t)+jQs(t)

Hinh 2. So d6 hinh tia c6 bii cong sudt phan khdng O,

kO
Ty=
0AC | 3AQ,,

Vi k, - Suét von dau tu cho mot don vi
cong suat bu dat thém (dong/kVAr) [3].

Nhan théy, hi€u qua cua lugng cong sut
bu dat thém s€ giam dan dén 0 tai mot gia tri Q,
= Qbmax, khi bu 16n hon tri s6 nay khong nhiing
ton that khong gidm ma con bi tang thém ( <0).
Khi bu tai nhiéu nat thi hiéu qua bu tai cac nit
khac bi giam di va hiéu qua bu tong thé chi nhan

dugc trong mot pham vi nhét dinh [3]. Do do,
trude hét can xac dinh higu qua bu cho tat ca cac
nat va tim ra vi tri nut c¢6 hi¢u qua bu cao nhét.
Tinh todn dung luong bu theo néc tai cac vi tri
¢6 hiéu qua bui cao nhét cho dén khi thoi gian thu
hoi von bang thoi gian dinh muc.

So d6 thuat toan tinh toan dung luong bu
cho cac niat dam bao thoi gian thu hdi von dau
tu nho hon moét thoi han quy dinh duogc dua ra
trén Hinh 3. Trong do can x4c dinh nit k c6 hiéu
qua bu cao nhat (16n nhat) va nat s ¢6 thoi gian
thu hoi von T, 16n nhat (kém higu qua nhat)
[3]. Tién hanh tang thém dung lugng bu cho nit
k (ndt hidu qua bu cao nhat) rqc}t lugng AQ, va
quay lai thyc hi¢n bude 1 chodénkhi T, >T

Vo sb liéu

¢

thdm®

y

Tinh:
B, =0AC/0AQ,
k

Thay dbi
Oy = O +AQ,
A

T, =—20°
" OAC/BAQ,

v
B =max(B),

Oy = O —AQ,

Hinh 3. So' do thudt todn tinh todn dung lwong bil
10i wu

3. POI TUQNG NGHIEN CUU VA KET
QUA NGHIEN CcUU

3.1. Pdi twong nghién ciu

So do nghién ctru tinh todn bu ludi trung
ap 35kV vung Udng Bi, Quang Ninh cho trén
Hinh 4. Thong sé vé cac may bién ap va duong
day duoc cho trong Bang 1 va Bang 2 tuong
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tmg. S6 lidu vé phu tai phia ha ap P(t), Q(t) o 1

duoc thu thap theo thoi gian thuc su dyng hé Faoo—== R e
thdng diéu khién phuy tai bang song (RC) trén E516 ég& ééﬁ& ég@ é%
duong day tai dién trung ap 35kV [2]. Qua trinh

diéu chinh dung luong bu tai cac nat tai ha ap Poian T2, PR=,  Paru=,, ParGe==
‘ ., 2 z n Quang trung 11 VP M6 Nam Mé&u Quangtru g17 VPHoachalmO

theo thuat toan ¢ trén nham giam ton that cong .

suat trong mang ludi dién trung ap. Hinh 4. So do nguyén ly luoi trung ap 35kV

Bang 1. Théng so vé mdy bién ap

TT MBA U, ,kV|S, ,kVA | U,kV U, ,kV | U _.% |P kKW P _,kW| I,%
1 | Tram 110kV 110 10000 115 35 10,5 60 14 0,9
2 | Quang Trung 11 35 250 35 04 4,5 4.1 0,68 7.5
3 | VP M6 Nam Mau 35 250 35 0,4 4,5 4,1 0,68 7,5
4 | Quang Trung 17 35 250 35 0,4 4.5 4.1 0,68 7,5
5 | VP Hoa chit mo 35 100 35 0,4 6,5 2,4 0,9 8,0

Bdng 2. Théng sé vé duong diy
STT Niit ddu Niit cudi Loai diy L (km) R, Vkm | X,Q/km
1 2 3 AC95 0,63 0,31 0,384
2 2 4 AC95 0,768 0,31 0,384
PVCM
3 4 5 3x120 0,15 0,153 0,12
4 5 6 AC95 0,432 0,31 0,384

3.2. Xac dinh vj tri va dung lwgng bu hep ly

Ung dung hé thong diéu khién phu tai bang song thu thap sb liéu cong suat tai phia ha ap
P(t), Q,(t). Thong s6 phu tai thay d6i theo thoi gian gla dinh nhu trong Bang 3. Duya trén thong so
so do nghlen cuu, thuc hién mo phong va tinh toan téi vu dung lu0’ng bu theo thudt toan néu & trén
sir dung phan mém mo phong CONUS [3] theo sudt giam chi phi ton that va thoi gian thu hdi von
khi dat thiét bi bu.

Bdng 3. Bang thong sé phu tdi gia dinh theo thoi gian

TT %S, MBAT1 MBA T2 MBA T3 MBA T4
PO [ Q0 | PO | Qo | Po | QW | PO | QW

Oh - 8h 30 36 42 45 54 30 36 18 24

8h - 16h 70 84 98 105 126 70 84 42 56

16h - 20h 100 120 140 150 180 100 120 60 80

20h - 24h 70 84 98 105 126 70 84 42 56

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025 SR
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Céc thong s6 kinh té bu t6i wu: Gia ban
dién binh quan 1a 2100 d/kWh; thoi gian ton
thit cong suat 16n nhat 1a 4000h; gia thiét bi
bu cép 0,4kV 1a 500 nghin dong/kVAr; dung
luong dat bu la 50kVAr; dinh muc thoi gian thu
hdi 14 5 nam. Cac phu tai tiéu thu dugc xem xét
tai thoi diém co gia tri cuc dai (tai 100% cong
suat 16n nhat). Két qua phan tich hiéu qua bu
bang phan mém CONUS [3] nhu sau:

PHAN TICH HIEU QUA BU
sk ok o sk s s sk s sk s ke sk sk sk skokosk
Nut Suat giam CP ton that Thpi gian thu
(ng.dong/kVar.nam)  hoi von (nam)
7 0.0 -
8 168.0 0.00
9 1176.0 0.00
10 1176.0 0.00

Tir két qua phan tich hiéu qua bu nhan
thdy 1a nat 9 va niit 10 ¢6 hiéu quéa bu cao nhit
(sudt giam chi phi ton that I6n nhat, 1176 nghin
ddng/kVAr.nim) nén tién hanh tinh toan dung
lwong bu tdi wu tai hai vi tri nay. Két qua tinh
toan dung luong bu nhu sau:

KET QUA TINH DUNG LUONG BU

sk ok s sk sfe sk sk sk ok s ke s sk sk skoskosk

Suat von Von

Nut aDIEE ¢ Qbu dau tu dau tu
(ILV) (MVar)  (ng.d/ tong
kVar) (tr.d)
9 0.40 0.500 500.0 25.0
10 040  0.000 500.0 0.0
* Tong dung luong bu toan luoi: 0.050 MVar
* Ton that cong suat truoc bu: 0.027 MWh
* Ton that cong suat sau bu: 0.025 MWh
* Thoi gian ton that CS: 4000 h
* Ton that dien nang giam: 8.000 MWh/nam
* Gia ban dien binh quan: 2100 d/kWh
* Tong von dau tu: 25.000 tr.dong
* Thoi gian thu hoi von: 1.49 nam

Nhan thay dung luong bu tong 50kVAr
¢6 hiéu qua bu t6t nht 13 toan bo dit tai vi tri
nat 9 véi S0kVAr va dung lugong bu cho nit 10
1a 0kVAr. Khi d6 cac chi tiéu kinh té - k¥ thuat
nhu sau: ton thit cong sudt trong ludi giam
2MWh, ton that dién ning giam 8000MWh/
nam, téng von dau tu cho viéc bu tai nat 9 1a
25 triéu ddng, thoi gian thu hdi vn dau tu can
thiét theo tinh toan 1a can 1,49 nam.

Trong qua trinh van hanh, cong suit tai
tai vi tri cac nat thay doi theo thoi gian (Oh -
24h) véi muec tai gia dinh 1a 30%, 70%, 100%
cong suét cuc dai (Bang 3). Mic du di xac dinh
dugc vi tri nat ¢6 hiéu qua bu cao nhét theo suét
giam chi phi ton that cta thiét bi bu 1a ntt 9, can
phai tinh toan duoc dung luong bu hop 1y khi
tai bién dong. Di v6i so dd nghién ciru, tién
hanh bu tai nut 9 véi dung lugng bu theo ting
nic bu 1a 0, 10, 20, 30, 40, 50k VAr; két qua tén
thit cong suat trong ludi duoc tong hop trong
bang sau:

Bdng 4. Ton thit cong sudt phu thudc tai

Ton thit cong suat, kKW
Q,y» KVAr —
Tai30% | Tai70% | Tai 100%
0 17 22 27
10 18 23 33
20 18 15 27
30 12 22 27
40 18 21 27
50 18 21 20

Qua bang két qua tinh ton that cong suat

nhan thay: khi phy tai lam viéc voi ty 18 30%,
70%, 100% tai cuc dai thi ton that cong suat cuc
tiéu & mirc bu Q,, = 30kVAr, 15kVAr 20k VAr
twong tmg. T biéu thirc tinh ton that dién
ning, ta xac dinh ton that dién ning trudc khi
bu: A4, =17*8+22%8+27*4+22*%4 =508
(kWh/ngay) va ton that dién ning sau khi bu:
AA=12%8+15%8+20%4+15%4 =356 (kWh/ngay).

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
K8 TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Chénh léch ton that dién ning sau khi dat thiét
bi bu: 64 =A4 - A4, =508—-356 =152 (kWh/
ngay).

Nhu vy, sau khi bu cong suét tac dung
theo dang bac thang thi ta giam dugc dang ké
tdn that cong suét va ton that dién nang, vi du
v6i so do nghién ciru giam ton that dién ning
duoc 152 kWh/ngay, giam gan 30% so véi khi
khong tién hanh dit bu. Déi vai so dd ludi dién
trung 4ap nghién ctru, khi chi dat bu tai vi tri
phuong Quang Trung 17 (nit s6 9 trén Hinh 4)
thi cong suat dat cua thiét bi bu dé dat dugc tén
that cong suat trong ludi nho nhét nhu sau:

+ Ttr Oh dén 8h, thiét bj bu van hanh &
nac Q,= 30k VAr. , 7

+ Tu 8h dén 16h, tai tang 1én, chuyén
thiét bi bu van hanh ¢ nac Q, = 20k VAr. v

+ Tur 16h dén 20h, tai tang Ién chuyén
van hanh thiét bj ba 6 nac Q, = 50kVAr.

+ Tu 20h dén 24h, tai gidm di, can
chuyén néc bu véi Q, = 20k VAr.

3.3. Cai dit diéu khién tdi wu bing hé thong
Ripple Control

Céc bude thyuc hién diéu khién d(’)ng—cét
dung luong bu tai cac nut tai ha ap st dung hé
thong diéu khién phu tai bang song nham giam
t6n that dién nang trong ludi trung ap nhu sau:

B1: Thu thap thong tin vé cong suat tai
ha ap theo thoi gian thyc té [2].

B2: Xéc dinh vi tri ¢6 hi¢u qua bu cao
nhét va dung lugng bu téi wu bang thuat toan &
trén sir dung phan mém CONUS [3].

B3: Diéu chinh dung lugng bu theo thoi
gian str dung hé thong RC.

B4: Lap lai quy trinh trén cho céc
khoang tho1i gian trong ngay (0Oh-24h).

4. KET LUAN

Bai bao da tap trung nghién ctru bai toan
tim vi tri va dung lugng bu tdt nhat cua thiét bi
bu trong ludi trung ap. Chi tiéu suat giam chi
phi ton that va thoi gian thu hoi von dau tu duoc
xac dinh dé danh gia hiéu qua bu cong sudt phan
khang. Khi thu thap dugc sb lidu cau triic cac
phan tr cia mang ludi dién, phy tai bién thién
theo thoi gian thyc s€ xac dinh duoc dung luong
bu hop 1y nhat. Qua nhitng két qua tich cuc mang
lai dugc trich xuat tr mo hinh nghién ctru, kién
nghi tmg dung hé théng diéu khién phu tai bang
song RC dé dong cat dung lugng bu nhim giam
ton that dién ning trong ludi trung ap. <
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