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This paper evaluates the role of small hydro power plant (SHP) in a
distribution system in challenges of distance connection and without
utility power source. Based on proposing a general distribution grid
with full specified characteristics to become a flexible distribution
sytem, operating parameters of the grid were carried out by ETAP
software. Analyzing simulation results, the combination of common
recloser and the operating ability of generators in SHP was considered
and evaluated. Moreover, solutions for switching the operating modes
for generators, regulating to enhance voltage quality and regulating
power from SHP in case of without utility power source were also
proposed and evaluated very detailed in this paper. Due to using ETAP
software, simulation results can help to assert research ideas and give
out some accurate suggestions about real distribution system for
dispatchers before having operating decisions.

UNG DUNG PHAN MEM ETAP XAY DUNG CHIEN LUQC VAN HANH
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Bai bao nay danh gia vai trd ctiia nha may thuy dién nho (SHP) trong
ludi dién phéan phéi truéc nhiing thach thirc vé khoang cach két ndi va
mat ngudn hé thong. Trén co s& d& xudt mot mo hinh mang dién phan
phdi tong quat c6 day du cac dic trung dé phat trién thanh mot mang
dién phan phdi linh hoat, cac thong s ché do cua ludi da dwoc giai tich
boi phan mém ETAP. Dua vao cac két qua giai tich, su két hop gitra
viéc dong recloser lién lac va kha ndng van hanh ctia SHP trong truong
hop két ndi xa va két ndi gan da dugc xem xét va danh gia chi tiét. Bén
canh do, giai phap diéu khién chuyén ché d¢ van hanh may phat, diéu
chinh nang cao chat lugng dién 4p va diéu chinh cong suit cic may phat
trong SHP khi mat ngudn cua ludi dién chinh ciing duge dé& xudt va
danh gia chi tiét trong bai bao nay. Véi viéc tng dung phin mém
ETAP, cac két qua mo phong thu dugc giup khing dinh cac két qua
nghién ctru va dwa ra nhitng goi y chinh xac vé& van hanh lu6i dién phan
phéi cho ngudi van hanh trude khi tng dung vao thyc té.
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1. Gioi thigu

Hé thong dién phan phdi (DS - Distribution system) truyén thong 1a mot bo phén trung gian c6
nhiém vu chuyén tiép dién nang tir ludi truyén tai (TS - Transmission System) dé phan ph01 dén
céc phu tai khach hang tiéu thu dién. DS ludn chiu su chi phdi khac nhau ciia cac yéu té diéu kién
tu nhién vé vi tri dia 1y, khi hau, méi truong,... Ngoai ra con phai ké dén cac anh hudng cua phu
tai bién thién, dic diém két ndi v6i TS [1],... Chinh vi vay ma cac DS c6 dic diém rat da dang,
khac nhau ca vé cau triic ludi va cac phuong thuc quan 1y van hanh.

Ngdy nay, theo xu hudng phat trién cua FDS (Flexible Distribution System), cdc thiét bi
thu/phat cong suat duoc str dung phd bién @6 1a: Tich hop cic ngudn ning lugng linh hoat bao
gom cac ngudn phén tan DG (Distribution generation), kho dién ESS (Energy Storage System)
xe dién EV (Electric Vehicle) [2], [3], giup chuyén trang thai két ndi trong van hanh. Piéu nay
doi hoi tinh linh hoat dugc 4p dung ngay cang tré nén can thiét trong cac DSs [3] - [5]. Trudc cac
thach thirc trén ddy, SG 1a muc tiéu hudng t6i cua cac DS [4], [6] - [8]. Pdi véi tap doan dién luc
Viét Nam trong diéu kién vé tai chinh va trinh d6 cong nghé hién tai chua thé thiét lap ngay duoc
SG ma tinh kha thi chi c6 thé 1a timg budc tiép can, Mot trong nhitng huéng tiép cin dugc bai
bao nay dé xuit do 1a xay dyng “mé hinh FDS” [6], [9], [10].

Trong thyc té, cac SHP duoc xem nhu mot loai DG kha pho bién, xdy dung tai cac dia ban
thuoc khu vyc mién nai nham khai thac tai nguyén dia phuong tir nhitng con sudi nho. Két ndi
cia cac SHP véi hé théng dién thong qua ludi dién trung ap 35 kV hodc 22 kV véi chiéu dai
duong day co thé 1a gan tir 5 km dén xa 1a 50 km [11]. Ngoai trir mot sé thity dién siéu nho két
ndi vai ludi dién 0,4 kV. Thong thuong cac thiy dién nho sir dung loai may phat loai dong bo
cong suét tir nho dén vira (0,5+30) MW [12]. Su khac nhau vé cong suit dinh mirc ciia may phat
s& anh huong dén yéu té dong hoc (quan tinh) cua SHP trong qué trinh diéu khién van hanh [13],
[14]. Nhitng giai phap c6 hiéu qua dé cai thién chat luong dién ap cua SHP ciing dugc dé xuat
trong [15], nhung thach thuc vé khoang cach két néi va didu khién linh hoat ché d6 phat cong
suit chua dugc quan tam,... Vi vay, bai bao nay phan tich rd mot s6 thach thire va dé& xuat giai
phap khic phuc dbi vai SHP hién dang 1a van dé cap thiét trong thyc té cua ludi dién mién nii
phia Béc Viét Nam.

2. Phwong phap nghién ciru

Load2 BusT4 | oads BusT6

Load 35 kV Loads

PVG
2 RE L6 REGH
Ngubn 2 Buss Bus6 8
Bus6H
Bus34
RE45 36
Gl G2

2

" Bus56
Busl Bu/ \3:55

Hinh 1. M6 hinh nghién ciru MP-02

Yéu cau dat ra 1a md hinh can dap ng dugc nhiéu nhit cac nghién ctu qéi véi mot hé théng
dién phan phoi hién dai theo hudng tiep can SG (Smart Grid). Ve nguyén tac thi tr mét DS bat
ky deu thu gon vé mot mot dang so do co ban gom 3 khoi chinh 1a khoi nguon (phat dién), khoi
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truyén tai (day dan) va khoi tai (tiéu thy dién). Tir ddy, bai bao sir dung mé hinh FDS vdéi tén goi
1a MP-02 [12] ¢6 so dd dang 1 sgi nhu trén hinh 1.

M6 hinh MP-02 dugc xem la mdt md hinh co ban dai dién cho cac DS trong hién tai va FDS
trong tuwong lai. N6 hoi tu day du cac phan tir va nhitng yéu té dé phuc vu cac nghién ciru d6i véi
nhitng thach thirc trong van hanh cua DS va FDS.

Ngudn dién 110 kV: C6 2 ngudn véi dién ap dinh mtc 110 kV ¢6 thé diéu chinh thong sb 1a
dién ap ca vé bién do va gdc pha, cong suét ngén mach,...

Tram bién ap trung gian: Sir dung 2 MBA 3 pha 3 cudn day cong suat 40/40/40 MVA, ty s6
bién ap 110/35/22 kV va c6 diéu chinh dién ap dudi tai (OLTC — On-Load Tap Changer).

Puong diy 22 kV: 02 16 duong day 22 kV, bao gom 16 471 (duong day L2, L4 va L6), 16 472
(duong day L1, L3 va L5) va cac duong day lién lac (L4-5 va L3-6).

Ciac bus thanh cai 22 kV: C41, C42, Bus! dén Bus6.

CAc bus thanh ci 0,4 kV: BusT1 dén BusT6.

Puong diy 35 kV: 02 16 duong day 35 kV, bao gdm 16 371 va 16 372.

Céc may bién ap phan phdi: C6 06 may bién ap phan phdi 22/0,4 kV c6 cong suit trung
binh tir 1500 kVA dén 3000 kVA. Phy tai cia mdi MBA phan phdi duoc quy déi vé mot phu tai
tap trung tai thanh cai 0,4 kV.

Cac phu tai tap trung: Tuong ung véi 06 MBA c6 06 phu tai tap trung, moi phu tai co 4
phan cip dé co thé diéu chinh duoc theo nhiéu gié tri khac nhau.

Ngudn phan tan DG: Nguon pin mat troi (PVG — Photovoltaic Power Generations) két ndi
tai BusT4, nguon dién gi6 WTG (Wind Turbine Generator) két ndi tai BusT3 va 02 méay phat
dién SH1, SH2 két ndi tai Bus6H. Trong d6, SH1 va SH2 c6 thé 1a cac may phat dién trong nha
may thuy dién nho SHP (Small Hydro Power Plant) hodc nha may nhiét dién turbine khi GTG
(Gas Turbine Generator), may phat di¢n Diesel,... Tuy nhién trong bai bao nay chi du thoi lugng
cho nghién ctru mot sé thach thie ddi voi SHP.

Thiét bi dong cit va bao vé diu 16 mdi 16 dwong diy 22 KV: sir dung may cit 471 va 472
trang bi chirc nang bao vé qua dong dién.

Thiét bi déng cit va bao vé cac dwong day 22 kV: sir dung cac thiét bi ty dong dong lai
(recloser), bao gom RE3, RE4, RES, RE6 va REGH.

Thiét bi dong cit va bao vé phia cao ap ciia cac may bién dp tir T1 dén T6: sir dung cac
LBS (Load Break Switch).

Thiét bi déng cit lién lac giira 2 1§ dwong day 22 kV: sir dung mot recloser R45-36 va cac
dao céach ly c6 kha niang chuyén ddi tiép diém dé thay doi diém két néi.

Céc thong s6 cua ludi dién MP-02 duoc thiét 1ap trong Bang 1 (ngudn dién), Bang 2 va Bang
3 (phu tai) va Bang 4 (dudng day).

Bang 1. Thong s6 nguon dién

Tén ngudn Pién ap (%U,4,) Goc pha dién ap (do) Cong suit ngin mach (MVA)
Nguon 1 102 2 1000
Ngudn 2 105 8 1500
Bang 2. Khai bao dir liéu phu tdi (trang thai phy tai max)
Tén phu tai Load2 Load4 Load6 Load 1 Load 3 Load 5
Cong suét dinh mic Sy, (KVA) 2300 2500 800 2250 2000 1600
Hé sé cong suét cose 0,85 0,85 0,85 0,85 0,85 0,85
Bang 3. Khai bdo dir liéu phu tai (mét trang thdi ngau nhién)
Tén phu tai Load 2 Load 4 Load6 Loadl Load3 Loadb
Cong suat dinh mic Sy, (KVA) 1750 1900 600 1800 1500 1200
Hé s6 cong suat cose 0,85 0,85 0,85 0,85 0,85 0,85
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Bang 4. Khai bdo dir liéu duong ddy 16 471 va 472

TT Ky hiéu Chiéu dai (km) Tiét dién (mm?) Dong dién cho phép (A)
1 L1 5 183 581,6
2 L2 5 183 581,6
3 L3 5 183 581,6
4 L3-6 5 111 423,3
5 L4 10 183 581,6
6 L4-5 3 111 423,3
7 L5 10 183 581,6
8 L6 10 km hozc 50 km 183 581,6

Céc nghién ciru vé diéu khién van hanh ludi dién chii yéu duoc dya trén két qua cua bai toan
mo phong, giai tich ludi twong tng cac ché d6 van hanh khac nhau. Trong khi d6 phan mém
ETAP duoc 4p dung 1a mot coéng cu giai tich va mé phong rat hoan hao bai két qua thu duoc
chinh xac va duoc két xuat thong minh. Cu thé dp dung véi MP-02 s& 1a:

- Dir lidu két qua hién thi trén so ¢6 mé phong duoc st dung cho viée danh gia chi s6 dién ap
bus, phan b Iubng cong sudt trén cac doan duong déy, qua MBA, cong sudt nguon phat,...

- Dt ligu két qua két xuit to hop theo dinh dang Excel gom: dién ap bus, céc tri s6 phu tai P,
Q, tri s6 va chiéu dong dién trén cac nhéanh, h¢ s6 mang tai MBA, cong Suat phat cua cac nguon
dién ap dau cuc may phat, nic phan 4p MBA,... duoc sir dung cho viéc phan tich siu cho mdi
trang thai, ché do van hanh. Pong thoi d6 cling 1 co sd dit liéu cho cac bai toan diéu khién nang
cao, nhu: Diéu khién dy béao, diéu khién van hanh tng dung cong nghé Al,...

3. Két qua nghién ciru va ban luin
3.1. Xdy dwng mé hinh nghién ciru
3.1.1. M6 hinh toan

Cong sudt truyén tai ty 1é nghich véi chiéu dai nhu chi ra

PQ

trén mo6 hinh 2. Trén hinh 2, s 12 mdt may phat dién, r 1a mot A ﬁ
may phat twong duong xem nhu ludi dién duge quy doi vé tai N R
d6. Chiéu dai duong day két ndi dugc dic trung boi téng tro & L»* [ )
X, trong khi d6 may phat s c¢6 dién ap Vs va ds, may phat r S
c¢6 dién ap Vr va r. Tur so dd, quan hé rang budc gitra cac dai e ey
lugng dic trung dugc thé hién boi cac phuong trinh (1). Hinh 2. M6 hinh diéu khién vin

hanh cong suat hoa luoi

Pz\ﬁsin& Q -V, Vq cosS—V,; Q, =V, Vs -V, cos6 (1)
xL xL xL

Tir (1) cho thdy luat didu chinh thanh phan cong suat phat théng qua 2 bién sb 1a bién do dién
ap va chénh léch goc pha 8 =08 —0, . Trong khi day cong suét theo chiéu dai duong diy qua

mot hay nhiéu phan doan dudng day thi cac gia tri P, Q, U va géc pha &bi suy giam. Cong suét
truyen tai gitra hai nut i va j duoc [13] phan tich 6 nhu sau:

2 2
[Pi +kZ ij} J{Qi +kZ ij]
<C; <C;
P=Py+ D Pu+AR =P+ > P+ Ry

2 L]
keC;j keC; U j

P+ ij] J{Qj + szk]
X..

keCj keCj

(2)

Qy=Qu+ D Qu+AQ; =Q + > Q, +[

2 ij
KeC, KeC, Uj
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Trong d6: i, j lan luot 1 bus dau va cudi cua duong day ij; tai bus j co cac thanh phan cong
suat phuy tai 1a S ; j o Puj .y Qo cac thanh phan cong suat chay trén duong day ij 1a S;;, Pij Qy;
tuong g ton that cong suét trén duong day ij 1a AP, K AQ;j ; C; lamot tap hop tat ca cac nit co
duogc két ndi vai nat j ngoai trir nat i. Téng cong suat cia tat ca cac nhanh ndi véi nat j ngoai trir
duong day ij 1a Y keC .

Tir d6 c6 thé xac dinh duoc bién d6 va goc pha dién ap tai diém j (cudi dudng ddy) qua biéu

thirc sau:
2 2
U = Ui_IDinij+Qinij i Pinij_Qinij - 9. :ei—arctan (Pijxij_Qinij)/Ui (3)
! U, U, ! Ui_(Pinij"'Qinij)/Ui

Phuong trinh c6ng sut tic dung va cong suat phan khang viét duoc tai nut k nhu sau:
Sk = Pk + JQk :Vk Ik - {z kn ni| Z‘,Yknvnej(ék 0O (4)
trong d6: k, n=1,2,.,N; V. =V e/™: Y =V, e =G_ + jB,,.
Tach phan thuc va phan 40 cia (4) ta c6 phucng trinh cin bang cong suat cua P va Q tai nut k:
P =V, Z oV, cos(3, =3, —6,,); -V, ZYkn sin3, —8, —6,,) ()

Tu day, thuat toan Newton-Raphson va cac phuong trinh phi tuyén dugc cho boi (5) s& gitip
xac dinh cac thanh phan cong suit P, Q chay trén cac nhanh va dién ap (bién do, goc pha) tai tat
ca cac bus ciia so d6. Cu thé trong bai bao nay, thuat toan Newton-Raphson tich hop trong phan
mém ETAP duoc xem 13 cong cu chinh dé mo phong va giai tich ludi ap dung ddi véi mé hinh
MP-02.

3.1.2. M6 hinh mé phong

Tir mé hinh MP-02 va cac phan tich trén ddy, mét so dd mé phong dwoc xdy dung trong
ETAP nhu trén hinh 3.

Load 2 ’—‘—I Load 4 4—‘ Losd 6 1]
2 PVG4 o 2
450 MVAsc CB BPV4 BusT6
c42 ! T -
22 kv BusT4
a4 BusT2 Open
w s2 —— }-Lnad a7 PN . 6 ()
' ™ () T4 () =
432 cTa32 2500 kvA () 2500 XVA | ) 800 kVA
e W ‘I' |
. Fuse2 Fused fj Fuses [;
K r 5 km REL 10 km 10 km _
Ad32 472 CT472 12 Bus? 4 pues REG L6 Bus6
n ‘::[:- — ) — I — } £
ope: “‘;2‘ L4-5 TeH |
n !
g 7.5 mvA )
412 RE45-36
Bus34 Bus56 | SWES Bus6H
SW3d .
open
[}
473 901 | 902
431 o431 - }_{) |. Load 473 136 ) o
I — . . 5 km 10 v SH1 SH2
m m
RE3 3 MW 3 MW
O 471 cram1 1.1 Bus1 13 Bus3 RES LS Buss
— 1 = = — |
N " R431 J *[/ | f = = |
22 kv -/ Fuse1 [ Fuse3 [| Fuses [
500 MVAsc B471 .y '1'3
ca1 () = T5 ()
2500 kVA |
3000 kvA () WIG3 " 2500 kvA ()
\ cB wr3 g
+ BusTl r BusT3 4
open BusTS
3 5
Load 1 { } Load 3] } Load 5 { }

Hinh 3. M6 hinh héa mé phong FDS trong ETAP
Muc ti€u ctia bai bao la nghién ctru van hanh hiéu qua SHP trudc 2 thach thac thuong gap
trong thuc te: Thach thie doi véi sy thay doi khoang cach ket noi; va Thach thirc khi xay ra mat
két noi ludi. Do d9d, trong so do md phong dugc don gian hoa bang cach quy doi nguon 1 va
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nguon 2 vé thanh cai 22 kV 1a S1 va S2. Céc ngudn PVG va WTG khong duge xét dén (PV4 va
WT3 déu ¢ trang thai open).

3.2. Nghién ciru vin hanh mang SHP Véi cdc kich ban gid lgp vé khodng cdch

Thach thirc trén day s& dugc nghién ciru qua 2 truong hop (kich ban) sau ddy: gia thiét SHI va
SH2 ciia SHP dién phat toi da cong suat tac dung la P = 3 MW va khong phat cong suat phan
khang (Q = OMvar); cac dit liéu hé thong ap dung theo bang 1, bang 2, bang 4, bang 5 nhu trén va
RE45-36 dang ¢ trang thai mo. Cuy thé, trong ETAP, SH1 va SH2 dugc cai dat nhu chi ra trén
hinh 4.

Synchronous Generator Editor - SH1 x Synchronous Generator Editor - SH1 X
P33 Harmanic Protection Reliabaity Fuel Cast Remarks Comment PSS Harmonic Protection Rsliability Fuel Cost Remarks. Comment
Info | Rsling = Capsbilly iwpMedel Gronding Ineis  Excller | Govemer info  Raling  Capabiity impModel Grounding Ineia  Exciter  Govemor
66KV IMW  Mvar Control | B6KV  IMW  Myar Control
{ ¥ [ W 5 PF ava wEn Poles
I, -1 T Ch CE e (e s
Llst) Base 100 3087 1500
Canditen |Gan. Category]% V]Angis| MW [Mvar|s PHamatamid 1
— @n (D 3 0 1801 0
Bus BEKV Service ODu
e (R
Tog# Hermat [ W e e @Capabilty cuve  Paak Mvar
Opeiation Mode ] 18774 14 18774 14 (O user-Definea 8676
MName O swing Operating Valuee.
Description @ Mvar Contol
e N 9 ~ A ,
a) Cai dat che do mday phat (Mvar Control) b) Cai dat cong suat phat

Hinh 4. Cai dat ché do vin hanh may phat thity dién trong ETAP
Kich bdn 1 (SHP két néi gan): SHP két noi trong ludi MP-02 véi do dai cua doan dudng day
L6 1a 10 km. Ket qua giai tich ludi bang phan mém ETAP thu duoc cac gia tri dién 4p céc bus
chinh va phéan bo cong suat P, Q hién thi trén két qua moé phong hinh 5 va hinh 6.

Load 2 [ Load 4 [ Load 6
o [ g '_J' o034 a2 ot
. © c42 ’ 4505 boar CB PVE |yt BusTé 4107 ¥
22 kv 474 _ BusT? Open BusT4
s —H—‘ " Load 474 . N
L 307 tar T2 T4 fx‘] Te K.'*;
432 cT432 2500 kvA () 2500 Kkva ) 800 kvA |/
0 St -
i/ . Fuse2 Fused Fuse6
R 5 km 4 10 km 10 km RE6H
Ra32 1z emn2 12 mus2 [fRT T Busq |40 [RES 16 puse |4 M
i z.1 M - = I MR + o = <5 W ! d—l
3.3 Hvar 302 mvar T (V0 6.9 Mear
— LR\ L0334 RIS 0.01 Mvar 04-8% 2.5% 1aps |
nu/z L4-5 T6H |~/
n =
ﬂoPa 3 km 7.5 mva |
72 RE45-36 -
wae Lo BUS34 Bus56 | SWe5 Bus6H |4, 1oar
— & . 3
Open or
SH1 SH2
‘isk’“ IME 3 MW
Bus5
1 M
AR
Fuses [
T ()
2500 kvA ()
=, BusTS
1 i
b.6 Mvar

Kl 958"
Load 5 [

Hinh 5. Két qua gidi tich kich ban 1 hién thi trén so do mé phong

Tir két qua giai tich cho thdy: cc gia trj dién 4p tai cac bus chinh déu nam trong pham vi cho
pheép, Umax = 105% tai bus56 va Unin =~ 101% tai bus5. Co6 thé két luan day 1a mot trang thai van
hanh an toan, dam bao chat lugng.
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%Voltage
106 104,85 104,63 104,85

104 1034 10335 103,36 1033
102,44 102,440 102,48
101,58
10
10 I

98
Busl Bus2 Bus3 Bus4 Bus5 Bus6 Bus6H Bus7 Bus8 Bus34 Bus56

o N

Hinh 6. Két qua gidi tich truong hop 1 bdo cdo dang biéu do Excel

Kich bdn 2 (SHP két néi xa): SHP két ndi trong lugi MP-02 véi do dai cua doan duong day

L6 1a 50 km. Két qua giai tich ludi bang phan mém ETAP thu dugc cac gia tri dién ap cac bus
chinh va phéan bo cong suat P, Q hién thi trén két qua moé phong hinh 7 va hinh 8.

Load 2 ﬂ T ves Load 4 m . Load 6 r“t Lo 9%

.
450 MVAsc cas 208 g 5 Ve R BusTg 103 Mver
22 kv T BusT4
7 BusT2 —— Open =
s2 Turm Load 474 p N 76 y
2.7 Mvar T2 T4 y %C)\
432 cra32 2500 kVA ( 2500 KVA ’Efﬁ 800 xva \_J
I
h'ﬂ"<‘ Fuse2 Fused Fuse6
O 5 kn REQ 10 Im 50 km rmen
R432 472 CcTa72 L2 Bus2 |41 vear L4 Busd |4} 1, FES L6 Bus6 |40 3 hea
. = & = (= = &
36 e+ 1 Mvar [0 00 e
(\ o e | 001 e )
- T6H
Open R""'z 13'4k:\ 7.5 MVA
12 RE45-36
— Bus34 Bus56 o SW65 Bus6H 4 wya:
o t 1 1 o s
S Open 0859 7] w® B L
473 o 901
g
431 cT431 — . Load 473
: 302 mvar -
FTE o m 10 SH1 SH2
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Hinh 7. Két qua giai tich kich ban 2 hién thi trén so do mé phong
% Voltage
110,0 108,6 108,44 108,6
)

1050 1034 1031 1924 1025 1016 I I 102,4 1025 1024

Busl Bus2 Bus3 Bus4 Bus5 Bus6é Bus6H Bus7 Bus8 Bus34 Bus56

Hinh 8. Két qua gidi tich triong hop 2 bdo cdo dang biéu @6 Excel
Tir két qua giai tich cho thdy: cac gia tri dién ap tai mot s6 bus ting cao, Upax = 108,6% tai
bus56 va busé,... trong khi d6 Uni, = 101,6% tai bus5. Co két luan day 1a mot trang thai van
hanh khong an toan.
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Déi dién vai nhitng bt cap trén day, mot sé giai phap duoc d& xuét luc nay nham ha thip dién
ap tai bus56 hay bus6 vé pham vi cho phép, dong thoi didu chinh can ddi gia tri dién ap tai cac
bus khac bang cach diéu khién SHP ap dung ché do van hanh vira phat P ¢ong thoi thu Q. Hoic
mot dé xuat khac 1a dong RE45-36 két ndi giira Bus6 voi Bus3 dé diéu chinh lai phan b cong
suat sang 16 471, rat ngan ban kinh truyén tai cong suét cia SHP.

3.3. Nghién ciru vin hanh mang di¢n c6 1ap |6 472 va chi c6 1 nguén la SHP

Trong truong hop mat két ndi ngudn hé thong boi 1y do su Cé hay cit dién thao tac stra chira,
cac may phat cia SHP roi vao trang thai khong 6n dinh do mat can bang thu phat. Giai phap
dugc dé xuét lic nay 1a nhanh chong diéu khién, didu chinh ché d6 van hanh va murc cong suat
phat cac may phat SH1 va SH2 thudc SHP. Kich ban dugce d& xuét ciia bai bao nay thuc hién qua
qua 3 budc sau day.

Buéc 1. Bicu khién chuyén ché d6 van hanh may phat. Trong khi ca SH1 va SH2 dang van
hanh ché d6 diéu ap, can phai chuyén SH1 (hodc SH2) vé ché do diéu tan nham thiét Iap nhanh
nhat mot trang thai can bang cong suat thu phat. Két qua duoc chi ra trén so d6 mé phong hinh 9.

Load 4 Load 6 -
{} 5Bt lo w®

PVG4 1.6 5% o

— dif P, BusT6 L
Open BusT4

P} road a7a Ta T6 8
800 kvA
2500 kvA
10 km 10 km

cra72 L puss | % REG L6 Bus6
= {1 ER

*, San
oA 1% g1 *

R472

SW34 y — N
} —
Open g1.4%0
. 59 SH1 SH2

e,
£l 3 MW 3 MA

Hinh 9. M6 phong trang thdi cdn bang thu phdt cong sudt

Tuy nhién, sau buéc 1 cho thiy dién ap cac bus trén 16 472 c6 thé chwa thoa man cac tiéu
chuan _quy dinh [4]. Cu thé la: gia tri dién 4p tai Bus2 chi dat 93,37%, tai Bus4 la 94,7%. Nhu
vay, can co giai phap tiép theo nham nang cao chit luong dién ap.

Budéc 2. Didu chinh nang cao chat luong dién ap:

Trong khoang thoi gian khic phuc su ¢d, dién ap cac bus trén 16 472 duoc phép sai léch trong
pham vi tiéu chuan. Chinh vi vay, c6 thé ap dung mot sb giai phap thong dung nhu diéu chinh
OLTC ciia may bién ap T6H, giam tai ddi vi mot sb khach hang khong doi hoi cao vé tinh lién
tuc cung cip dién. Trong thuc té, ca hai giai phap trén déu ¢ nhitng nhuoc diém nhat dinh. Mot
giai phap c6 tinh chién lugc dugce dé xuét do 1a didu chinh cac thanh phan cong suit (P va Q) cua
2 may phat.

Buéc 3. Chién lugc diéu chinh cong ; sut 2 may phat:

Diéu chinh SH2 phat giam cong sut tac dung, ting phat cong suét phan khang. Tuong ng
cac thanh phan cong suat phat cia SH1 s& duoc tu dong diéu chinh lai. Két qua thu dugc nhu thé
hién trén so @6 mo phong hinh 10, cong suat phat cia SH2 1a (2 MW + 1 MVAr) va ctia SH1 la
(1,6 MW + 1,8 MVA).

Trong khi van hanh ché d¢ nay cac thanh phan cong suat phat ctia SH2 ¢ thé dugc diéu chinh
boi ngudi tryc van hanh con cac thanh phan cong suét phat ra tir SH1 s& duoc ty dong diéu chinh
dé dam bao cong suit thu phat trong mang dién c¢6 14p ludn duoc can bang trude cac thach thic
thay d6i cua phu tai. Vi duy, phu tai tai Load6 dong thém cong suit (425kW + j263kVAr). Toan
bd tai dong thém dwgc cung cap béi SH1, hinh 11. Theo nguyén tac ndy, cac nguon dién tai tao
néu luén van hanh véi cong suat dudi tiém ning cua ngudn ning lugng so cap tic thoi s& dam
bao nang cao tinh én dinh hé théng dién noi chung, ddi voi mang c6 l4p noi riéng.
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Hinh 10. M6 phong diéu chinh san tai doi véi SHI va SH2
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Hinh 11. Két qua SHI bi déng khi ting tai Load6

Trén day la mdt quy trinh thao tac dé c6 dugc ché d6 van hanh mang dién c6 1ap vai nguén
DG 1a mot SHP. Bé khoi phuc trang van hanh két néi ludi nhu ban dau, trinh ty cac thao tac duoc
thuc hién nhu sau:

Budc 1: thao tic mé may cit Re6H dé ngit két ndi cua SHP, thao tac tré vé trang thai binh
thuong cho nic phan ap ctia may bién ap ctua T6H, thao tac cit RE45-36 va dong tra lai cac phu
tai trén 10 471 da bj sa thai trude d6. Phan mang dién co 1ap tam thoi bi mat dién.

Budc 2: Két ni ludi bang cach dong tr¢ lai theo ding quy trinh quy pham céc thiét bi dong
cit trude day dugc cit ra. Kiém tra trang thai van hanh thong qua hé thdng do ludng, canh bao.

Budc 3: Hoa dong b tro lai cho SHP va diéu khién diéu chinh van hanh luéi dé c6 dugc trang
thai van hanh phu hop nhat.

4. Két luan

Bai bao nay da xay dung dugc mot DS tong quat, dugc goi 1a ludi dién MP-02, c6 kha ning
dap rng nhidu muc tiéu nghién ctru khac nhau, trong dé cac 16p bai toan diéu khién van hanh cho
FDS di duoc chi ra chi tiét. Ludi dién nay duoc sir dung dé danh gia cac chién luoc van hanh nha
may thity dién nho khi xét dén khoang cach truyén tai va mat nguon ludi.

Théng qua cac két qua mo phong trén phan mém ETAP, cac thong sé ché d cua ludi dién da
dugc xac dinh chinh xdc twong Ung Vdi cac trang thai van hanh khac nhau cta lusi. Cu thé, trong
truong hop xét dén truong hop SHP ket ndi gan va két nbi xa da dugc danh gia chi tiét thong qua
viéc mo phong xéac dinh ludng cong sut va dién ap cac nit. Khi khong c6 nguén ludi va van hanh
doc lap nhanh 472, cac giai phap van hanh may phat dép ng can bang thu phat cong sut, cht
lwong dién ap nit ciing da duge dé xuat ma mo phong danh gia chi tiét dé minh ching hiéu qua.

http://jst.tnu.edu.vn 238 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(14): 230 - 239

Céc két qua thu duogc tir bai bao dd 1am rd nhimng ¥ tuéng van hanh cho mot nha may thuy
dién nho trong ludi dién phan phdi véi nhitng kich ban thuong Xay ra. Nghién ciru nay c6 thé tiép
tuc duoc phét trién nhitng ¥ tuong chuyén sau cho FDS véi nhiing tng dung caa Al va cac k¥
thuat du bao dé nang cao kha ning dap tmg cac tiéu chuan hién hanh, nhanh chéng dua ra nhiing
quyét dinh goi y cho ngudi van hanh khi dua ra nhitng ung dung thuc té.
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