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CHUONG 1. GIOI THIEU

1.1. Pitvan dé

Dién mat tro1 ap mai (RPV) dong vai tro déc biét quan trong trong céu truc
ngudn phat phan tan (DG) cua ludi dién. Cac ngudén DMT quy mo 16n dau ndi tap
trung & cap truyén tai, RPV duoc lap sau cong to va phan tan ¢ cAp phéan phéi. Pic
trung phan tan, phy thudc thoi tiét va tinh tw nguyén dau tu cia khach hang khién
RPV 1a DG c6 tinh bat 6n dinh cao; khi RPV thdm nhap & muc cao c6 thé phat
nguoc cong suat 1én ludi trung thé (MV) gay ra (1) Véan dé dién ap; (2) Qua tai
duong déy va may bién 4 ap (MBA); (3) Giam chat lwong dién ning; va (4) Sai léch
phdi hop bao vé ro-le. Bé t6i da hoa mirc thim nhap RPV vao luéi, danh gia hi¢u
qua tham nhap dé giam tac dong bat loi 1a yéu cau bit budc.

1.2.  Khoang tréng nghién céu

Trong qua khu, nghién ctru tich hop RPV vao ludi MV tap trung xi ly bai toan
t6i uru hoa & trang thai tinh, theo kich ban roi rac; khong/chua xét dén ban chat bién
thién cua RPV va cac bat dinh theo thoi gian thuc. Pay 1 khoang tréng can duoc
khai pha. Méi day, hoc ting cuong sdu (DRL) dugc goi ¥ dé giai quyét cac bai toan
diéu khién van hanh ludi da muc tiéu theo thoi gian thyec.

Mirc thim nhép ti da (HC) 1a ty s giira cong suét dit tdi da ngudn DG va nhu
cdu tai cyc dai; mirc tham nhép kha dung (AHC) chi lwong cong suat DG tdi da c6
thé tham nhap vao mot nut hodc mot ving trén ludi tai mot thoi diém.

1.3. Muc tiéu va phwong hwong nghién cieu

Muc ti€u chinh cta luan an la danh gia tac dong ctia sy thdm nhép cao RPV dén
dién ap, dong dién va ton that cong suét trén ludgi MV va xac HC cong suit RPV
vao ludi; phat trién phuong phéap luan t6i wu héa da muyc tiéu nham nang cao mirc
tham nhap RPV cho ludi. Trinh tu thuc hién: (1) Phén tich va dinh lugng tac dong
cua sy tham nhap cao RPV dén V, I, va AP trén luéi MV; (2) Xay dung md hinh
va giai thut cat giam cong suat tham nhap RPV dé han ché tic dong bat loi dén
ludi (bai toan cat giam); (3) Xy dung mé hinh va giai thuat xac dinh t6i uvu mirc
tham nhap RPV 1€n ludi (bai toan HC); va (4) Xay dung mo hinh lai gitta DRL va
ANN dé nang cao muc tham nhap RPV thdng qua diéu khién van hanh luéi.

1.4. Péi twong nghién chu

— Hé théng RPV c6 cong suit dit dudi 1 MW, (twong duong 1,25 MWp);

— Ludi dién/mét phan luéi MV 22 kV hinh tia cé tich hop RPV:;

— Ludi dién md phong IEEE 33 va 69 nit chuan;

— Thiét bi diéu 4p dudi tai (OLTC) va bién tan théng minh (SI);

— Giai thuat toi wu héa ngau nhién (MH) chim sam cam (COOA) va doi (BA);

— MO0 hinh lai DRL va ANN.

1.5. Pham vi nghién ciu

— Hé théng RPV c6 cong suit dit dudi 1 MW, (twong duong 1,25 MWp):

— Ludi dién mé phong IEEE 33 va 69 ndt chuan; kiém ching thyc té trén xuat
tuyén trung thé 22 kV tham khao tai mién Trung Viét Nam;
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— Ton that cong suat, dao dong dién ap va dong dién véan hanh trén ludi;

— Khong xét tac dong cong hudong do cac nguf)n NLTT khac, xe dién, hé thong
luu trlt ndng luong (BESS), cac thiét bi diéu khién dién ap ngoai OLTC va Sl
gdy ra dong thoi trén ludi; cac tac dong trong ché do qua do Va su ¢o;

— Nghién ciru dugc thyc hién theo cac didu kién hién hanh vé cac co ché, chinh
sach phét trién RPV tai Viét Nam

1.6. Phwong phap nghién ciru
Luan an sir dung linh hoat cac phuong phap: nghién ctru, phén tich, tong hop tai

liéu, mo6 phong/mo hinh héa va phuong phap diéu tra, khao sat thuc dia, phuong

phép du bdo va xay dung kich ban.
1.7. Gia tri thuc tién cia luan an
— Céc nghién ctru duoc thyc hién trong luan an bam sét tién trinh phat trién thuc
té caa DMT tai Viét Nam: phét trién than toc thiéu kiém soét nho biéu gia FIT-
1 va FIT-2, ha nhiét va nghién ciu chuyén sau, va phat trién cd kiém soat nho
tich hop diéu khién van hanh. Nho dé, két qua nghién cau tai timg giai doan 13
ngudn tham khao dé giai quyét cac bai toan cap béach cua thyuc tién van hanh;
— Céic md hinh dé xuit dugc kiém chtng trén lugi md phong IEEE véi két qua
kha quan, c6 tiém nang trién khai trén ludi thuc té;
— M@ hinh DRL khéc phuc dugc han ché phd bién cia lugi MV néi chung va luéi
Viét Nam noi riéng vé thiéu co s dit liéu van hanh, ha tang do dém tir xa con
chua hoan thién & mét sé khu vuc, mutce d6 wng dung SCADA con han ché;
— Cung cap luan ctr ky thuat cho cac Cong ty Dién lc trong viéc tham dinh duy an
dau ndi RPV va co sé khoa hoc cho co quan quan 1y nha nuéc trong viéc cap
nhat quy chuén, tiéu chuan ky thuat quéc gia vé tich hop RPV vao luéi trung
thé; va
— Tai liéu mo phong va cac mé hinh dé xuit trong luan an c6 thé duoc sir dung
lam tai ligu tham khao phuc vu dao tao trinh d6 dai hoc, sau dai hoc; cling nhu
lam nén tang cho céc nghién ctiru chuyén sau vé tich hop NLTT vao lugi MV.
1.8. C4u trdc luan an
Chuong 1. Gidi thiéu
Chuong 2. Co s6 1y thuyét
Chuong 3. Xac dinh muc tham nhap tbi da va toi uvu cong sudt cit RPV — Ap
dung tai Viét Nam
Chuong 4. Tbi wu héa metaheuristic xac dinh mic thAm nhép tdi da RPV vao
luéi trung thé

Chuong 5. Ung dung mé hinh DRL nang cao kha ning tham nhap RPV vao ludi
trung thé

Chuong 6. Két luan va huéng phat trién
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CHUONG 2. CO SO LY THUYET

2.1. Tong quan tac dong caa RPV Ién luéi MV

S6 lugng nghién ciru vé tac dong cia RPV 1én ludi MV ting dot bién trong giai
doan 2015 — 2019, phan anh r6 neét xu huéng tham nhap RPV ngdy cang cao vao
ludi MV. [1] liét ké bon dic tinh cbt 16i cia RPV gdm: phan tan, phat dién ban
ngdy, phu thudc bién tan va khong lién tuc; cac dic tinh nay la co che quyet dinh
bon nhom tac dong ty nhién cua RPV 1én ludi: cac van dé dién ap, ton that cong
suat do dong cong suat nguoc, 161 phdi hop bao vé ro-le va chat luong dién ning.
Trong d6, cac van dé dién ap (mét can bang, dao dong, qué ap tai diém diu ndi) 1a
nhitng rang budc quan trong nhat gi¢i han murc tham nhéap cia RPV vao ludi MV.
2.2. COng cu danh gia tac dong cia RPV lén lwéi MV

Do dém va phan tich tryc tiép bang thiét bi chuyén dung trén ludi thuc s& cho
két qua chinh xac nhit nhung khong kha thi do chi phi ha ting cao. Nhiéu cong cu
danh gia tic dong cia RPV 1én ludi MV da dugc phat trién dé thay thé nhu: GAMS,
MATLAB/Simulink, PLEXOS, MATPOWER, FESTIV, DIgSILENT, OpenDSS,
PowerFactory, PSS/E, ETAP, RTDs, eMEGAsim, HYPERSIM, Typhoon HIL.
2.3. Mo hinh danh gia tac dong ciaa RPV lIén lwéi MV

C6 bén nhom: (1) Mb hinh xac dinh ¢ dinh toan bd cac bién dau vao, tinh nhanh
va lap trinh don gian nhat; (2) Mb hinh xac suit mo ta cac bién dau vao bang ham
xéc suat, tinh mutrc tham nhap RPV trén ludi nho; (3) M6 hinh chuan — tinh theo
chudi thoi gian mé phong ludi 16m véi do phan gidi theo gio, chinh xéac cao; va (4)
Mo hinh dit liéu van hanh thuce tinh toan mirc thAm nhép dua trén ha ting do dém
théng minh va SCADA, dd chinh xac cao.
2.4. Phan tich trao luu cong suat

Phén tich trao luu cong suét 4p dung hai dinh luat Kirchhoff cho mach phi tuyén
c6 bién thién dién ap va tan sd. Phu’o*ng trinh cong suét dugc viét dudi dang:

P = jQ; = [IVil2(=8)] Zl 11126, + 3, 21)
j=1
Hai cach giai phd bién nhat 1a Gauss Seidel (GS) va Newton-Raphson (NR). NR
gidi béng tuyén tinh hoa va lap cho dén khi hoi tu, tde dd hoi tu cao.
2.5. Tinh toan céng suat RPV
Cong suat RPV tham nhép vao ludi duoc tinh bang mé hinh Gaussian:
[_1(t_tnoon 2] 2 2
GHI(t) = GHIpay x el 2% ome /1t € [trocs tign] (2.2)
GHI(t) la BXMT tinh tai gio thir t trong ngay, [W/m 1; GHImax la BXMT cuc
dai tai gio dinh tyo0n, [W/m? ] va oy dac trung cho so gio ning trong ngay.
Hé sb cong suat (CF) chuyén d6i GHI(t) thanh cng suat dién so véi danh dinh:
CF GHI(®) 2.3
() = Gl (2:3)
San lugng RPV cho tirng nat va toan ludi dién dugce tinh theo cac cong thirc:
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Prpvm(8) = Prpy,m X CF () X 0y X112 X g (24)
PRpv total (t) = Z Prpy,m (t) (2.5)

meR
R la tap hop nut lip RPV; Pyay ,, 12 cdng suat dat RPV tai ndt m, [kWI; 7, 1
hé s6 suy giam do nhiét van hanh; 77, 13 hidu suét bién tin va 15 13 ton that hé thng.
2.6. Tinh toan thdng sé van hanh lwéi dién
2.6.1. Dao dong dién ap trén luai
Cong thuec tinh sut &p trén ludi cho trudng hop trude va sau khi cé6 RPV la:
_ Pioad- R + jQoad- X

AV = 7 (2.6)

AV, = [Ploaqd — (£Prpv)]-R -;j[Qload — (Qrp)]- X -
Dao dong dién ap sau khi tich hop lilPV vio lugi dugc tinh bang

AViing = AVar _ Rrp-Porev 29

Vohn 32
R va jX 1a dién tro va dién khang mac ndi tiép ctiia duong day, [Q]; Pioad, Qload
1a cong suat tic dung [W] va phan khang [VAr] cua tai; Prpy VA Qrpy 12 cong suat
tac dung va phan khang ma hé thong RPV phat tai nut; V, 1a dién ap dinh muc cua
hé thong, [V1; R, 1a thanh phan dién tré trong tong tré ngan mach tai diém két noi.
2.6.2. Ton thdt cdng sudt trén ludi
Bién dong vé ton that phan anh hiéu qua cai thién ton that nhd RPV tham nhap:
Npr T
Ap = Z f Pipy (8)- [PRpv(t) — 2Pjaq,:(0)]-dt (2.9)
k=1"0

Trong d6, Ny, 1a s6 xuét tuyén trén ludi; T 1a khoang thoi gian Xét, Pigaq;(t) 12
cong suat tiéu thu trén nhanh k trong gio th ¢, [KW].
Néu AP > 0 nghia 1a Pipy > P{,q; thi ton thit ting. Ngugc lai, néu hi¢u s
Plpy(t) — 2P, ;(t) < 0 thi AP < 0, nghia 14 ton that ctia hé théng giam.
2.6.3. Gidi han qua tdi ciia dwong day, may bién ap va cong sudt phat téi da
ciia RPV vao luoi MV
Sau khi tich hop RPV, cong suét phu tai dat téi da néu:

Smaxaf = \/(PRPV.max - Pload.min)z + leoad.min (2-10)
Gidi han cong suat phét ti da cua RPV vao luéi:
PRPV.maX < Pload.min + \[Séax,bf - leoad.min (211)

2.7. T6i wu héa va metaheuristic
2.7.1. Toi wu hoa trong hé thong dién
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Tbi wu hoa (TUH) 1a tap hop nguyén Iy va phuong phap toan duoc ap dung dé
giai bai toan t6i wu, tim giai phap tot nhat trong cac 1oi giai kha thi. Bai toan TUH
gom ba budc: xay dung mé hinh, xay dung ham muc tiéu va rang budc, ap dung
giai thuat. TUH phat trién manh tir thé ky XVII, gom: (1) Phan tich toan hoc chinh
Xac; (2) Xap xi hoa: (a) Xap xi theo quy tic (heuristics); (b) Xap xi ngau nhién/TUH
siéu kinh nghiém (metaheuristics); va (c) Xap xi ty diéu chinh/TUH ty thich nghi
(hyperheuristics). Gan déy, Al va cac phuong phap lai bat dau pho bién.

2.7.2. Téi wu héa metaheuristic va bai todn t6i da mirc tham nhgp RPV

MH TUH biang hai thugc tinh: khai thac va tham hiém. TUH MH duoc diing
pho bién dé téi da muc tham nhap RPV. M&i MH bao gom hoac khong bao gom
cac budc: (1) Khdi tao tap dan s6; (2) Phan nhom tap dan s6; (3) Panh gia dic diém
tirng nhém dan sb va cac diéu kién dirng ngau nhién; (4) Xay dung ham toan TUH;
(5) Xay dung ham toan cho co ché khai thac; (6) Xay dung ham toan cho co ché
cap nhat hozc chon loc ngau nhién; va (7) Kiém tra cac diéu kién dung.
2.8. Murc thdm nhap cia RPV vao lwei MV

2.8.1. Dinh nghia

Muc thAm nhép 1a dai luong dinh lugng cong suat ndi ludi cia mot DG nhung
khong gy mat an toan van hanh va khong lam thay doi ha tang hién hitu cua ludi.

Mtc tham nhap tdi da cong suat RPV (HCgrpy) 1a cOng suat RPV 16n nhit co
thé tich hop vao luéi ma khong vi pham rang budc dién ap, dong dién va ton hao.

He _ Xm=1Prpvm
ey (%) = Z=L BBV 409 (2.12)
, Pmax , .

Prpv m la cong suat dat RPV m, [KW]; P,ax 12 cOng suat nhu cau cuc dai, [KW].

AHC 1a lugng c6ng suit RPV téi da c6 thé tham nhap vao mét nat hoic mot
ving trén ludi tai mot thoi diém nhung khong vi pham rang budc van hanh; phan
anh muc tham nhap thyc cia RPV khi tich hop diéu khién van hanh ludi.

2.8.2. Bdi todn xdc dinh mic thAm nhdp téi da RPV vao ludi
Ham toan xac dinh mirc thim nhép t6i da RPV vao ludi:

F = max Z Prpvm (2.139)
m

(i) Gi6i han HCrpy gom: (1) Gidi han nhiét thiét bi; (2) Kha ning chiu dong
ngdn mach cua thiét bi va (3) Ty 1é giita P,,.x Va Prpy; (ii) Rang budc cua bai toan
gom mét hozc nhiéu trong sb cac diéu kién: Giéi han dién ap, gisi han nhiét, gigi
han dong ngan mach, can bang cong suat.

Hién c6 nim nhém phwong phip tim HCgrpy: x4c dinh, ngau nhién, mé phong
kich ban va TUH, tao chudi thoi gian va tinh gian ludi.

Khi tich hop cac giai phap diéu khién van hanh luéi, bai toan AHC dya trén
phan tich bién va d6 nhay dién ap cua cac ndt lap RPV. Do nhay dién ap thé hién
murc d6 bi tic dong cua dién ap nut RPV khi ting thém mot luong cdng suét phat
RPV tai nat d6, nut nhay nhét 1a ndt d& vi pham cac rang bugc nhit nén chién luoc
diéu khién van hanh ti wu cho ludi s& dya vao nit d6. Phén tich bién dién ap gidp
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xéc dinh du dia dién 4p c6 thé duoc khai thac dé ting thém cong suat tham nhap
RPV ma khdng vi pham rang budc van hanh [2].
2.8.3. Gidi phap nang cao mic thdm nhdp RPV trén luwéi MV

Nang cao muc tham nhap RPV trén luéi MV 12 bai toan ti wu da muc tiéu duoc
hd trg thdng qua: diéu khién téi wu cong suat phan khang bang bién tan thdng minh
(SI), tich hgp BESS trén luéi, tai cdu trac ludi, diéu khién dién ap bang OLTC.
Hiéu qua nang cao muic thAm nhap cua céc giai phap lan luot 1a: 45%-78%, 50%-
111%, 50%-150%, 50%-100%. Tai Viét Nam, OLTC va téi ciu tric ludi di duoc
&p dung hiéu qua dé xtr ly cac van d& phét sinh do sy thAm nhap cao RPV.

2.9. Hoc sau tang cwong va ng dung trén lwei MV

DRL Ia md hinh AI ¢ co ché cap nhat lién tuc dé giai bai toan bién thién bang
céch két hop (1) Hiéu qua kiém soat lugi dién cua hoc tang cuong (RL) va (2) kha
nang giam sat, phan tich, xtr ly dir liéu va du bao cia mang no-ron séu (DL).

RL dua trén nén tang qua trinh quyét dinh Markov (MDP) véi 05 yéu té chinh:
(1) Khéng gian trang thai S; (2) Khong gian hanh dong 4; (3) Ham xéc suat chuyén
trang thai W; (4) Ham phan thuong R; va (5) Hé s6 lgi nhuan y. Tai mot thoi diém
t bat ky, mot tac tir hoc may (agent) s& quan sat trang thai hién tai cia khong gian
trang thai (s, € S) dé dua ra quyét dinh cho mét hanh dong (a, € A), hanh dong
nay s& cap nhat mot phan thuong r, va chuyen sang trang thai méi (s;1). Quatrinh
hoc lap di 1ap lai dén khi tim dugc mot chién luoc toi wu Toptimal-

CHUONG 3. XAC PINH MUC THAM NHAP TOI PA
VA TOI UU CONG SUAT CAT RPV — AP DUNG TAI VIET NAM

3.1. Pitvan dé

Téng cong suat DMT du kién chiém hon 30% co céu ngudn tai Viét Nam vao
nam 2050, trong d6 RPV duoc wu tién phat trién khong gidi han [3]. Tuy nhién,
phan b san luong khong déu theo ving dia ly gay ap luc dén van hanh khity 1¢
phat nguoc 1én ludi qubc gia vuot 59.0% & mién Nam va 33,78% & mién Trung
gy qua tai cuc bo trén mot sd xuét tuyén MV. Thuc trang nay budc co quan diéu
do6 phai cat giam cong sudt DMT trong nhiéu thoi diém.
3.2. Tinh toan mitc thAm nhap téi da RPV trén luwéi MV bing phuong

phap xac dinh

Bai toan gidi quyét hai van dé: Panh gia tac dong cua sy tham nhap RPV ddi
v6i ton that cong sut (AP) trén ludi MV va xac dinh muc tham nhap t6i da RPV
bang phuong phéap xac dinh trong cac didu kién rang budc tinh cua hé thdng. Cong
cu phan tich trio luu céng suat theo mién thoi gian (TDULF) duoc 4p dung trén
xuat tuyén 472 C42/DHO cua luéi dién phuong Pleiku, tinh Gia Lai.

3.2.1. Luwu dé bai toan
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| Thu thap dir liéu v& ludi dién va thiét bj |
A g A A T
Thu thap dir licu v h 2 i 2 i 2 v Lura chon .
ngudn phat mat troi - ~ || Thu thap
PV) da lap dat, dix < . . cong eu mo || J5 jyra chon
(PV) da lap dat, dix Chung || Thong sé || Dirlidu || Dwliéu phong, wa cho
l.'Q]“ :’"C, xa Tﬁt m.’f" loai may duong phu tai lich sir danh gia luéi dién
dinh hudéng phat trién bién ép day P, Q) AP, AU
Thiét 1ap thong sé lugi ban dau M6 hinh héa
Trudng hop khong c6 PV luéi dién
M5 phong van hanh hé théng
St dung thuat toan phan tich
trao luu cong suat (TDULF)
Tim AP, AU
s
Kiém dinh m6 hinh luéi
D
Thiét 1ap thong s6 ludi ban dau
= Truong hop cé PV n
3 Thiét 1ap cac rang budc
- AU = 5%U,,
Mo phong van hanh hé théng khi - AP < 1%Pay
> c6 ngudn PV; tim AP, AU -MBAovL =0
Tang 5%
cong suat
céc ngudn
PV

Hinh 3.1. Luu d0 tinh toan mic tham nhap tdi da RPV bang DEM
3.2.2. Thong sé ddu vao

Bao gém: cap dién (chiéu dai, loai cap, dién ap dinh murc, vat li€u cach nhiét,
tan s6 van hanh, dién tro, dién khang, tiét dién cap), MBA, dir liéu lich st phu tai
(cong suat tac dung va phan khang, dién ap, dong dién), BXMT tir PVGIS.

3.2.3. Két qud va thao lugn

Pleiku c6 sau thang kho va sau thang mua, ddc diém tiéu thu dién khac biét dang
ké  gitra hai mua; Tai sinh hoat chiém ty trong cao, bién dong theo muia, ngay trong
tuln va gio trong ngay. Luén an lya chon bdn ngay dic trung dé xem xeét tdc dong
ctia RPV dén ton that ludi: ngay 1am viéc mia kho (LVK), ngay cudi tuan mua kho
(CTK), ngay lam viéc miia mua (LVM) va ngay cudi tudn miia mua (CTM).

Trong LVK, su tham nhap RPV gitip giam dang ké AP cta ludi. Khi chua c6
RPV, APpax = 0,78% ldc 19:30 v APy, = 0,74% tir 17:30 dén 19:00 khi RPV
c6 RPV. Tai dinh BXMT, RPV gilp giam AP tir 0,78% xubng 0,52%. Trong CTK,
AP c¢6 quy ludt twong ty nhu trudng hop LVK, AP,.x = 0,56% sau khi lip RPV.

Trong LVM, AP dao dong phirc tap va bat thudng do Prpy bi bién dong do mua
va may mu; mac ton thét trung binh gan nhu khong ddi, toi da dat xap xi 0,58%
trugc va sau khi lap RPV. AP cia truong hop CTM c6 quy luat twong tu,
AP axbf = 0,55% VA AP .y ar = 0,54%. Diéu nay chimg minh sy tham gia cta
RPV trén ludi gitp giam ton that ludi, dic biét hiéu qua véi LVK va CTK.

Trudng hop x4u nhét (Pjoad min V& Prpv max) €0 thdy AP — AP, .., MBA qué
tai. Xét rang budc: (1) AVyax < 5%; (2) APpax < 1%; va (3) Khéng qua tai MBA,
két qua cho thidy AP > 1% tai ngudng tham nhap 85% va tit ca MBA trén xuét
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tuyén qua tai khi cong suét dit RPV vuot 135% Pjgaq. Khi Prpy ting, dong lam
VIeC trén duong day giam nén AP giam theo. Khi Prpy > 135%P),44, dONg cONQ
sudt nguoc d6 vé ludi gy qua dong trén dudng day lam ting AP.

z — i 3 P
- E = N X
= Z = ) .
1o1 S o1 "=’
= i
1 le
—Al bl ! b — Al h o | I
N 14 mia ki b N 104 Dadn ¢ ki
' - -~
- e )
i \ ‘ e — =N\
— N - » — 3
| - I — P
1l
0
PP P LD @SSP T
o > 8
I
AP with ) PV et AP w1V penenmain — A itk 1o PV prensetatic AP with IV gerictintun
Ngay | i Ngi i\ tudin o '

Hinh 3.2. Két qua mé phong ton that cong suat tic dung
Két qua ching minh: (1) M6 hinh hop ly; (2) DEM don gian, co ban dap tng
dugc yéu cau ude lwong nhanh mic thAm nhap RPV vao luai; (3) Kiém soat muc
thdm nhap RPV hop ly gilp cai thién AP; va “4) Két qua co ¥ ‘nghia thyc nghiém.
3.3. M0 hinh thuat toan doi cit giam tdi wu cong suat RPV cho lué6i
Cit giam cong sudt RPV da xay ra & Hoa Ky, Puc, Trung Qudc, Chile do co s&
ha ting ning luong khong thé dap ung su tham nhap nhanh védi cong suét 16n RPV.
Viét Nam ciing phai cit giam DMT trong mét s6 truong hop nhung chua du co s&
khoa hoc dé xac dinh murc cat giam tdi uu cong suit RPV.
3.3.1. Gidi thiéu thudt todn doi
Thuét toan doi (BA) duoc dung dé giai cac bai toan quy hoach ngudn DG, diéu
do, diéu khlen dién ap, cit giam RPV va quan ly tac nghén ludi [4] théng qua cac
diéu kién xép xi: (1) Tét ca doi dinh vi bang tleng vang trong khong gian; (2) Mbi
doi bay véi van toc v; tai vi tri x;, sit dung tan s6 ¢b dinh f,i,, budc song A va do
on Aq dé tim kiém con méi; va (3) Po 6n luén duong va chi thay d6i trong khoang
[Ag; Aminl- Trong qué trinh TUH, x;, f; va v; lién tuc duoc cap nhat.
3.3.2. Xay dwng ham muc tiéu
Muc tiéu caa bai toan la cyc tiéu tong céng suit cat giam RPV trén ludi
17 Nrpv 17 Nrpv

Fa =) Y P = Z 2( B¥ime — Plsvome) (3D
t=7 1
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Trong d6, PR, PRWVm,e: Prpvm,e 1an Iuot la cong suat cat giam, cong suat phat

cuc dai, va cdng suit duoc phép phat tai nat RPV thir m tai gio th ¢, [KW].
3.3.3. Céc rang bugc
— C6ng suat phat RPV:
0 < Prpvmt < PRPVm,¢ 3.2)

— Gidi han dong dién trén duong day: Dong dién van hanh trén nhanh phan phoi

(Iop ) khong duge vuot qua dong chiu tai toi da cua cap ().

Ilr(nax = Iop,k Véik =1,2, ey Npp (3.3)
— Gidi han dién ap nat:
Vmin < I‘/mit,i < Vma)g Voii = 1, 2, "'er’lt (34)
— Phuong trinh can bang cong suat:
NRrpv Nnat Npr
P0+ ZPRPVm Zploadl Zplossk—o (3'5)
NRPV Nnut Nbr

Qo+ D Cinvm— ) Qloadi = ) Qlossie =0 (36)
= i= k=1

m=1 =1
3.3.4. Ap dung BA vao bai toan cat gi@m cho phét tuyén 471LS Binh Thugn
Xuét tuyén 471LS gom 582 nat MV, 316 doan duong day, 196 TBA va 2 ty bu
(0,3 MVAr/ty), 10 nguén RPV ndi ludi véi tong cong suat 9,28 MWp (09 ngudn 1
MWp, 1 nguon 0,28 MWp). Pigad.min = 1,945 MW tai 11:00 trua (BXMT dinh);
Ploadmax = 5,156 MW tai 17:00 chiéu (BXMT - 0). Su léch pha gitra thoi diém
PRPV.max Va Pigad. max 1@ nguyén nhan dan dén dong cong sudt nguoc va qua tai.
Mdi ca thé doi biéu dién mot phuong an cit giam, twong tng véi mot vector
X; = Xcyr trong khong gian tim kiém. Kich thudc cua khong gian ¢6 d = Ngpy. ng
chiéu, vai n, 1a sb thoi diém xét trong ngay. BA sir dung ham phat dé cap nhat lién
tuc lwong phat vao ham muc tiéu mdi khi c6 cé thé vi pham rang budc.
Nngt Npr

F(x) = F(x) + wy. Z max (V; — Vipax, 0) + ws Z max(S;; — S{1%%,0) (3.7

V; 1a dién ap tai nutz [p.u.]; S;; l1a cong suit tren nhanh ij, [MVA]; wy, ws la
hé sb phat vi pham cac rang budc, duoc chon trong khoang [103; 104].

Tham s6 du vao: (1) Kich thuéc quan thé: 20; (2) S6 vong lap: 200; (3) Mién
tan So xung: [0;2]; (4) D6 6n ban déu 1,0; (5) Téc dd phat xung ban dau: 0,5; (6)
Hé sb giam do 6n: 0,9; va (7) Hé s6 tang toc do phat xung: 0,9.

Luu d bai toan dugc thé hién ¢ Hinh 3.3.

3.3.5. Két qud va thao lugn

Céc trudng hop xét: RPV phat 100% cdng suét trong troi ning, 40% cong suat

khi nhiéu may, 10% cdng suat lic troi mura.
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Bt ddu
*
Khi o tham o8 BA: N, T A o i, ¥, 1S '
L
Lt 471LS Binh Thadn, Parve P Vel t E17:00, 1700, Ar =050
Rang bujc: 0,95 < % 1,06 pa; S S wy, g € 100, 1IN
*
Kb tgo N i thi; X P, | €10, Pepigun ™), m = 1, Ny
Chay FBS VS f FIX) » wy Peny » wy Peng chon X, Foew
'
> Bt diu voog lp 1
+
> Bt dio vong Lap 1
+
Chp ohit [ vV, Nepy (Do plutomgg trish (5.32), (5.33), (5.34), v (5.35)
v
rand —— X Xoew * £lA)
Khina ¥
Apbidn Dz xy, < F wie chay FBS vii x, —~ V.S
. -
I Fixpes ) * v E max(V, = Vo, 0) + 00 max(s, =~ $™, 0
+
rand <A, A £ £ o
—_— ap i X, A
Kiving v
Co
I f —— X 4 f
LY o' ‘
KA
f=1+1 - N? -
v
KA
Itwles 1 < It~ T
L
f X Py -t = ¥
+
Lo A | . ) LS 4 BV P AL st VO, ST, profile ole
'
DUNG

Hinh 3.3. Luu d6 xéac dinh cong suét cit giam RPV tdi uvu bang BA
— Cat giam cong suat RPV khi dién ap dau nguon dudi 1,010 p.u.
Hinh 3.4 thé hién duong cong Pjy,q V& Prpy trong khoang thoi gian c6 buc xa

(07:00 dén 17:00). Trong ngay mua, Papy ¢ max = 1,217 MW llic 12:00, trén toan
PSRN = 4,043 MW llic

tuyén khong XuAt hién qua tai. Trong ngay nhiéu may, RPV t. max

12:00, khong xuét hién qua tai va qua ap trén xuat tuyén. Do d6, hai truong hop
trén khong can cit giam. Vao ngdy ning, RPV phat t6i da gdy qua tai va qua ap,
budc phai cit giam. Dién 4p dau ngudn (V) gy anh hudng dén dién ap toan ludi
nén xét bay truong hop: 1,000, 1,005, 1,010, 1,015, 1,020, 1,025, va 1,030 p.u.
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0 ZIRY\ =928 MW

z
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=
5
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5 4
-
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Hinh 3.4. Pudng cong phu tai va cong suit phat RPV trong ngay

(a) Vi = 1,000 p.u, (b) Vi = 1,005 p.u. () Vi = 1,010 p.u

‘ Nauing Vi, = 1,05 p.u.
1,05 ‘ - . .
1,04
=
. L3
|
= 102 ‘
1,01 I
.- Vi
100 {#feee \'\.»ow ‘
£ £ 8 8 8 3 8 §8 8 § 88 8 B § 8 8
E & & B E g g€ = g€ 9@ 55 g = £ 4§ 5
Ihdi diém (1) Thiri diém (1) IThdn diém (1)
—e— Nang (tnndc) —=— My (riidc) —— Muta (uudc)  --=- Ning (sau)

Hinh 3.5. Dién ap theo gid & 03 didu kién thoi tiét va 03 mic dién 4 ap ngudn

Trong ba truong hop, RPV khong gy qua ap. Tong phat RPV ngay nang vuot
308% nhu cau nén can xu Iy (1) Cho truyén nguoc vé thanh cai dé mang loi ich
cho khach; (2) Cit dé tranh truyén nguoc, lwong du duoc chia déu cho cac ngudn
RPV. Mirc V, < 1.010 p.u. cho phép khai thac tbi da tiém ning phat RPV trén xuét
tuyén ma khong vi pham chat luong dién, mirc tham nhap téi da RPV dat 190,4%..
— Cat giam cong suat RPV khi dién ap dau nguon tir 1,010 ¢én 1,030 p.u.

Khi V, = 1,010 p.u., tai 12:00 c6 25 nut vi pham dién 4p, BA chon cét 2,80
MWh dé khong con nut vi pham dién ap. Ngay may va mua khong xay ra vi pham.

Khi V = 1,015, tai 12:00 ¢6 176 nat vi pham dién ap, BA cat chon loc 19,32
MWh. Céc truong hop con lai (V, = 1,020, 1,025,1,030 p.u.), tai 12:00 c6 lan luot
353 nat, 466 nat va 353 nat vi pham, BA cit chon loc 23,61 MWh, 25,79 MWh va
30,27 MWh dé dam bao khéng con vi pham dién ap.
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Hinh 3.6. Dién 4p theo gio & 03 diéu kién thoi tiét va 04 mirc dién 4p ngudn
Két qua cho théy BA da khai thac gan nhu t6i da bién rang budc. San lugng cit
giam khong dong deu 0 tung ngudén RPV phan anh chién lugc chon loc cia BA 1a
wu tién cét cac ngudn ndm gan nut V. cao nhit (dua vao do nhay dé cit).

CHUONG 4. TOI UU HOA METAHEURISTIC
XAC bINH MUC THAM NHAP TOI PA RPV VAO LUGI TRUNG THE
4.1. Pitvan dé
Dién tro va cam khang trén duong day gay ra Pjoes VA Qjogs, 40Ng thoi tac dong
dén AV luéi. AP va AV ty 1¢ thuan vé6i cuong do dong dién van hanh (Iop k) Khi
Pioaq tang thi kéo theo Iy, i, AP Va AV ting tuong ung Khi mot RPV két ndi vao
1udi, Pjoaq thay ddi sé kéo theo Iop iy AP va AV thay doi.
4.2. M6 hinh COOA tinh toan mic tham nhap toi da RPV trén luéi
4.2.1. Xay deng ham muc tiéu
Ham muc tiéu cta bai toan toi da mirc thAm nhdp RPV vao ludi nhu sau:
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Npr

F = min Z Plossk (4.1)
k=1

Ploss 12 ton that cong suit nhanh k, [KW]; va Ny, 12 s6 xuat tuyén trén ludi.
4.2.2. Céc rang bugc
— Gidi han dién &p nat: thoa man phuong trinh (3.4);
Vi tri lap dat ngudén RPV: nit bat ky ngoai nit s 1

2 < LRPV,p < an'lt Véi P = 1, 2, "'anl'Jt (42)
— Giéi han tong cong suét lap dit RPV:
Ngrpv Npgt Npr

a3
Z PRS;c/,m = z Pload,i + z Ploss,k (4-3)
m=1 i=1 k=1

Gidi han dong dién trén duwong day: théa man phuong trinh (3.3);
Gidi han cong suit phan khang va hé s6 cong suat phat RPV:
PF™MIN < PFppy p, < PFMaX (4.9)

NRrpv Nngt Npr

Z Qinv,m < Z Qload,i < Z Qloss,k (4'5)
m=1 i=1 k=1

— Phuong trinh can bang cong suét: théa man phuong trinh (3.5) va (3.6).
4.2.3. Ap dung thugt toan COOA t6i da héa miic tham nhdp RPV trén lwéi MV
COOA mé phong qua hai giai doan: hon loan va dong bd. COOA khéac cac MH
khéc & co ché cap nhéat va chon loc gia tri tdt nhit. COOA st dung bdn co ché cap
nhat vi tri trong qua trinh TUH: (1) Hdn loan; (2) Tam diém; (3) Peo bam ca thé
dau dan; va (4) Cap nhat dau dan [5]. Luu dd ap dung duogc thé hién & Hinh 4.1.
Quan thé ban dau dugc khoi tao ngau nhién bang phuong trinh:
X; = random(1, D). (XmaX — Xmi“) + xmin.g =1 No, (4.6)
Trong d6, t6i da 20% quan thé thudc nhom ca thé dau dan (LC).
Bién diéu khién cuia thuat toan gdm cong suat dit, hé s6 cong sudt phat ciia mdi
RPV va vi tri 1ap dat cac RPV trén ludi. M&i nghiém X; cua thuat toan ¢ dang:
X; = [Prev,m,i PFRPvm,i LRPVm,i; m=1,..,Nrpy (4.7)
Thuét todn quét ngugce — xudi dugce chay dé tim bién phu thudc P;j, Q;, Vj, Lop k-
Két qua tim dugc dung dé tinh Pjog , AV; VA Al . Ham twong thich nghiém X;:

Npr Nnat
. 2
Flti = Ploss,i + /3 Z(Alop,k) + B Z (AVi)Z (4-8)
k=1 i=1

20% nghiém twong thich tot duoc dwa vao nhom LC, qua trinh 1ap chay lién tuc
dén khi tim dugc ca thé tot nhat. Moi lan ra két qua, nghiém dugc cap nhat nhu sau:
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Hinh 4.1. Luu d6 x4c dinh mic tham nhap t6i da RPV vao lu6i bing COOA

new

RPV,m,i if
Nm’lt if Nm’lt < L?{%‘Qll,m,i

2 if
if PR

if PRpy

new —
RPV,m,i —

new
P RPV,m,i
Pmin

new
P RPV

RPV,m,i

max ;
PRPV lf

Rpvm,i € [2; Nngtl

sm =2, ..., Noge (4.9)
RPV,m,i < 2
< PISYm,
PRV m,i
PRV m,i

< Pmax

RPV
> ;m:1, ""NRPV

<

(4.10)

max
Prpyv
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PFlglg\‘;vml fPFR v <PFPI{1§¥/vm1 <PF}I£93{;(
PFREV m,i = PFERY if PERRY > PFREV m (4.11)
PFQ};E{}‘ if PFRpy < PFQS\","mL

C4 thé dau dan sir dung co ché xac dinh vi tri tt nhit dé cap nhat vi tri.

Ludi m6 phong IEEE 33 va 69 nat dugce tham khao tir [6] va [7]. Moi ludi mo
phéng 4 truong hop: (1) C;S; VA C;S,: C6 dinh Nypy Va PFrpy, tim Lppy VA Paay:
(2) C,S; va C,S,: C6 dinh Ngpy, tim 03 gia tri con lai; (3) C3S; va C3S,: CH dinh
PFgpy, tim 03 gia tri con lai; va (4) C4S; va C,S,: Tim ngau nhién 04 gia tri.

4.2.4. Két qua va thdo lugn
— Két qua md phong trén mang tia 33 nat

| X) 250 &

ss (b

Total pow

SOA - = ASBO -—— TSOA -.= ASBO

CrS COOA COOA

Hlnh 4.2. So sanh két qua md phong céc klch ban trén ludi 33 nat
Hinh 4.2 cho thay (1) Ton that tr COOA thap hon két qua ciia cac MH khac;
(2) Ton thét cuc tiéu tir COOA 6n dinh hon véi 30 lan mo phéng ra cung ket qua.
COOA dugc so sanh vdi 23 MH khac vé tong cong suat RPV tham nhap, tong tén
that ludi, ty 1¢ cat giam ton that trén ludi va thoi gian xir 1y thuat toan. Ty 1é %AP.,
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ctia COOA & C; Sy, C,S; dat 65,5% va 94,4%; ty 1 tham nhap dat 75,1% va 89,3%.
Thoi gian md phong COOA cao hon tir 02 dén 10 1an so véi cac MH khac, trung
binh 8,3 gidy/lan chay. Twong tu, C3S; cia COOA cho két qua ton that thap nhat,
%AP.. giam 70% so voi trudc tich hop RPV; dé xuat tich hop 09 RPV vio mang
dién voi cong sudt va vi tri khac nhau, cac nut lp dat téi wu gém 3, 7, 10, 16, 21,
24,25, 30, 32; khac 03 vj tri so voi ISOSA. Cong suit tham nhap ti da dat 93,5%.
Trong C,S;,. Tong ton that tinh toan 1a 1,66 kW, giam 99,2% so véi truong hop co
s0. Thoi gian chay md phong mat 34 gidy. COOA dé xuat lap dit 09 RPV tai cac
nit 6, 8, 14, 18, 21, 24, 25, 30 va 32 (khac 04 vi tri so véi ISOSA). Muc tham nhap
t6i da dat 103,7%. C6 thé khang dinh COOA giai quyét bai toan dit ra rat higu qua.
— Két qua md phong trén mang tia 69 nat

Case | Case2

ACOA WSA A0A WwsA
« [SOA - ASKO «ww |SOA -im ASKRQO)
CrSA COOA CrSA COOA
N} 20
[ Lase Loased
= =
2 A =z
= |5 |
x |
= '
Z 100 [{ 2u
~ ’ =
= x F
P B T e S - — - ——
) - B s B o —— - —— —— - -
v d e 1 ( 0 ) (
it Luns
AOA WSA AQA WSA
- TSOA .--= ASBO --- TSOA --= ASBO
CrSA COOA LISA COOA

Hinh 4.3. So sanh két qua md phong cac kich ban trén ludi 69 nat
Hinh 4.3 thé hién: (1) Ton that trén ludi nhd TUH bang COOA thap hon két qua
cac MH khac cho truong hop C4S,, C,S,, C3S, va C,.S,; (2) Két qua ton that theo
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COOA khdng c6 su khac biét dang ké trong céc 1an chay, COOA én dinh hon. So
véi truong hop co sg, COOA cat giam 69,14% ton that (C;S,) va 98,1% (C,S,).
Thoi gian m6 phong cua COOA gan tuong dong v6i cac MH khéc (~10-20 gidy/lan
chay). Muc tham nhap t6i da cho hai truong hop dau lan luot 12 65,2% va 77,5%
s0 v6i nhu cau tai. D6i voi hai trudng hop con lai, ty 1€ %AFR nho COOA thip hon
cac MH khac, dao dong tir 0,17% dén 15,10% (C3S,) va tir 46,20% dén 95,39%
(C4S,); thoi gian mo phong tir 30—40 gidy/lan chay. COOA dé xuat 09 vi tri lip dit
RPV cho truong hop C3S, trong khi cac MH khac chi dé xuat 07 vi tri. Tuong tu,
COOA dé xuat lap dit 09 RPV cho truong hop C,S,. Muc tham nhap tdi da ¢ hai
truong hop kho nhat nay lan luot 12 84,6% va 114,8%.

C6 thé khang dinh viéc 4p dung COOA dé ti da hoa mirc tham nhap RPV vio
ludi MV 1a phut hop, kha thi va co do tin cay. Két qua toi wu tir thuat todn chimng
minh mirc tham nhap RPV vao ludi trong diéu kién tinh, khong c6 diéu khién dat
trén 65% tiy kich ban, trong d6 kich ban t6t nhat dat dén 115%.

CHUONG 5. UNG DUNG MO HINH DRL NANG CAO KHA NANG
THAM NHAP RPV VAO LUOI PHAN PHOI TRUNG THE

5.1. DRL va bai toan nang cao mac tham nhap RPV vao luwéi MV

DRL la giai phap hoc may ting cudng c6 thé quan sat lién tuc trang thai ludi
dién va tu thich ing thong qua qua trinh hoc twong tac dé xay dung chién luoc diéu
khién van hanh lugi. DRL dugc tmg dung dé xir Iy bai toan 6n dinh hé thong dién
[8], t6i wu hoa ludi, xay dung kich ban van hanh truc tuyén, t6i wu hoa van hanh
ludi bang cit tai dinh va dich chuyén tai [9], kiém soat dién ap ludi [10], quan ly
ndng lugng trong si€u vi ludi da nguon [11], klem soat an toan [12]. C4&c m6 hinh
TUH duya trén DRL c6 cic vu diém: (1) Khong can xay dung md hinh; (2) Phan
{mg thoi gian thuc voi bién dong ludi va méi trudng; (3) Chién luoc hoc va rang
budc duge mi héa trong ham thudng; (4) TUH da muc tiéu va xir Iy rang budc tot.
Tuy nhién, nghién ctru tng dung DRL trong luéi MV con han ché.
5.2. Xay dung bai todn nang cao mac tham nhap RPV vao lwéi MV

5.2.1. Xay deng ham muc tiéu

- |\/|uC tiéu Ccuc dal HCRPV:

23
Fl = maxz Z Pva(m, t, a) (51)

) N , t=0mER
— Muc tiéu cuc tiéu ton that cbng suat:

23
F, = minz z Pross (k. £, @) (5.2)

. t=0 keQ
— Muc tiéu cuc tiéu chi phi van hanh OLTC:
23

Fy = minZlAtap(t, ™ (5.3)
t=0
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R 1a tap hop nit lip RPV trén ludi: Prpy(m, t, @), Ploss(k, t, a) 12 cong suat
RPV thyc té tai ndt m va ton that nhanh k & gio thir t dudi tac dong ciia hanh dong
a tir DRL, [KW]; Q la tap hop nhanh day trén ludi; va Atap(t, a) 1a s6 lan thay doi
nac phan 4p OLTC dudi tac dong cua hanh dong a tir DRL

5.2.2. Céc rang bugc

— Gidi han dién ap nut: théa man phuong trinh (3.4);
— Gidi han dong dién trén duong day: thoa man phuong trinh (3.3);
— Rang budc trio luu cong suat:

Pgen,i - Pload,i + PRPV,m = Vi' Z V](GU Ccos 9” + BU sin 911) (54)
JEQN
Qgen,i — Qioad,i £ Qinv,m = Vi Z V;(Gyj.sin6;; — Bj.cos 6;;) (5.5)
. JEQN
— Kha nang diéu chinh cua Sl:
Pi2nV (m; ¢, a) + Qiznv,m (m, t, a) < Siznv,m (m; t, a) (56)
— Gi6i han nac phan ap OLTC:
—8 < tap < +8 (5.7)
|Atap(t,a)| <1 (5.8)

5.2.3. Luu dé gidi thugt
Luu d6 giai thuat duoc thé hién ¢ Hinh 5.1.
5.2.4. Két qud va thdo lugn
— Két qua huan luyén DDQN

Phan thudng dao dong manh trong 250 vong lap dau, tir vong lap 355 thi khong
con 4m ching t6 phan thudng nhd RPV dé vuot tong phat. Pinh H(0) = 2.34 &
vong lap thir 5 va giam 95% trong 250 vong lap tiép theo cho thiy tac tir hoc rat
hiéu qua. Viginworst = 0.7956 (sut 20,4% so véi V) tai vong 1ap 40 do tac tir chon
ngiu nhién hanh dong giam tapg e va dicu khién sai SI tai gio cuc doan. Viyiy
dao dong quanh 0.95 p.u. tir vong lip 1250. Sau 500 vong lip, s 14n vi pham giam
con ~30% tong s lan xét, tac tir bat dau biét tranh vi pham V. Sau 1000 vong lap
giam con 16% chimng minh qua trinh huén luyén c6 hiéu qua, hoc ding.

Luc nia dém, taportec = 0, Qiny = Prpy = 0, khong can diéu khién. Ldc
07:00, tai tang nhanh hon RPV, tapo.tc = +1 cho KB TB, +2 cho KB may mu,
toan bo RPV bom Qypy vao ludi dé nang Vpyiy,. LUC giita trwa, bom Qypy trén nhanh
chinh. Lac 19:00, taportc = +2 cho KB TB, +3 cho KB médy mu, va +1 cho hai
KB con lai; toan bo RPV bom Qjy,, dé giam ton that. Chién luoc: khi Pgpy tang thi
taporrc giam va nguoc lai; bom Qi lién tuc trong ngay tai 9 ndt RPV 1a tdi uu;
bom Q;,y trén nhanh chinh tai t = 01: 00 gio, 11:00 gio, 14:00 gio, va 16:00 gio
la tinh chinh tai 03 nGt nhay nhét (7, 16, 30); hap thu Qsys trén nhanh chinh tai t =
02: 00 gio, 03:00 gio khi dién 4p ludi tang; va khong bao gio hap thu Qsys tur ludi.
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Hinh 5.4. Bién dang dién ap ludi ¢ 4 gio quan trong
— K&t qua phén tich d6 nhay va bién dién p tai diém van hanh DRL

NUt 16 14 nat nhay dién ap nhat nhung 14 nit c6 bién dién ap 16n nhat, day 1a nat
co s& dé xac dinh AHC cua ludi va dinh huéng chién luoc didu khién DDQN: uu
tién diéu khién SI hap thu Q;,,, tai nat 16 va cac ndt RPV khac trén nhanh dai nhét
trong cac gio birc xa cao, xir Iy nut 16 truéc. Nut 21 ¢6 bién hep nhit nén can ting
bom Qi dé duy tri dién 4p nhanh 2-19-20-21 trong trudng hop RPV dat dinh — tai
cao. Tong AHC tinh doc lap tai 9 nit dat ~23.077 kW vao giita trua, nhung khong
c6 nghia 1a AHC dat dén gia tri nay vi chua xét dén kha nang dap @ng cta ludi.

— K&t qua phan tich AHC véi rang budc dién &p va nhiét duong day
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Rang budc V va I phai cing thoa man dé xac dinh keym max Ma tai d6 AHC
RPV dat t6i da. KB troi quang, TB, va may hoi tu vé AHC = 9320,9 [kW]; day 1a
viing giéi han ma DDQN c6 thé gitr hé théng an toan trude khi xay ra mot trong
hai vi pham; cling 1a gidi han thdm nhap tdi da cong suit RPV vao luéi ma DDQN
c6 thé diéu khién, gioi han nay ting gap 2,54 1an so véi kha nang ti vu cia COOA.

{HCcona = 3.668 kW
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(k, =0,847) (Km =3,

; |
May Iu.s.'n,'; kW My | J 197,1 A (98,5%)
(ke = 0.770) (Ko = 3,3) | _.

(ke - 0,300) : (K = 5,0)

a 4000 HOMO  12.000 0 20 A 0] Hi 100
AHC (kW) ¥ Tsan W01 Ky svaxe (b = 12)
------ Lows = 200 A (100%:) Ngudmg canh bao 90%
N A 5 A It
Hinh 5.5. Két qua phan tich AHC
MO (&, = 0,300) May (&, =0,770)
Luu\'i
05 — == — = — — — — — - - - L
A e 2502 KW I 150
~ 1,00 o | =T - =z
- | Haon = =2 o
S 2se s 2 [ 2
0,90 5 200 : -
. 7 Pr i
o851 L oo 0,65 - Lk <150
0 L% 20 25 30 55 40 45 50 Lo L5 20 25 30 35 40 a5 50
Koum Keum
TB (A =0,847) Quang (&, = 1,000)
i | A0 . I 1 400
1,0% ' { LG !
AN 0,071 k'w ] -,
H 150
o ) | - -
~ 1,00 ! - = —_ =
; | o | 300 = z_ =
F 0,95 = b e -4 % : X
;—5 w—‘ﬁn\_f\_\“} 250 ;E o g
|- =2 =

0,90

.-~ 200

105 | &b
08570 15 20 25 30 35 40 45 507 y S X3
Keum Koom
— Vs — L 1A - = = Gidn hgn V [0.95; 1,05) —— e MaX (AiEm AHC)
- I nhinh 1 e phad — Towun ™ 200 A

Hinh 5.6. Két qua phan tich quét gia s6

O Hinh 5.5a, tat ca KB vuot duong tham chiéu 3.668,2 [kW], AHC caa méi KB
thé hién ngudng vat ly caa lugi, mac tham nhap RPV khong thé vuot qua gia tri
nay dé tranh qua tai nhanh gbc. O biéu do thir hai, duong tham chiéu 100% la
ngudng gidi han nhiét va duong 90% la ngudng canh bao an toan, dong I,,,x cua
mdi KB khong nén vuot qua duong 90% dé han ché rai ro vi pham | khi nhiét do
moi trudng ting cao. Lic nay, AHC thuyc té chi dat 204 — 231% so vai mirc co s0,
tuong tng muc tdng tham nhap tr 121 — 147%.

M3i biéu db ¢ Hinh 5.6 tuong tng mot KB k., mdi diém trén biéu db thé hién
24 gio md phong, mdi diém vi pham thé hién it nhat 1/24 gio vi pham mét trong
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hai rang budc. KB mu khéng bién dong, vi pham phi don diéu ¢ keym > 2 do do
nhay chinh sach diéu khién cia DDQN. KB mii khong c6 rii ro tran cong suét
nguoc. KB may duy tri 6n dinh trén 0,95 [p.u.] nhung sup dot ngot sau kcym = 3
va khéng phuc hoi. KB TB ¢6 xu huéng tuong tw KB may nhung mét 6n dinh sém
hon (tir keym = 2,6), Itg ting tuyén tinh va cit ngudng .y tai keym = 3,1. KB
quang vi pham dong thoi hai rang budc tai kcum = 2,6, DDQN phai kich hoat hap
thu Qipy. max SOm hon dé kiém soat qué ap. Két qua khang dinh: (1) Vi pham V-1
xay ra dong thoi, khdng ¢ thi tu wu tién; (2) Viin giam nhanh khi k. 16n — ching
to khi SI bdo hoa hap thu thi DDQN mat kha ning diéu khién, OLTC mit tac dung.

MJi biéu @b Hinh 5.7 gém 6 giai doan: (1) 01:00-03:00, 4 KB ting tap tir 0 &én
+1 (02:00) va +2 (03:00) dé dap tmg dién &p thap giita dém, SI bom Qyp,, VA0 nit
7, 16, 30 dé bu &p; (2) 03:00-07:00, tap 4 kich ban duy tri mac +2, SI bom Qipv
vao 9 nit dé bu &p 10c tai thap ty nhién. Ben 06:00 (c6 RPV), SI hap thu mot phan
Qiny dé han ché qua 4p cuc bo tai céc nit gan RPV; (3) 07:00-10:00, HCrpy ting
tir 28,8% dén 69,5%, tap van giir mic 2, cac Sl hép thu Q trén nhanh chinh dé can
bang dién &p. 4 kich ban c6 cung hanh dong; (4) 10:00-13:00, KB may chwa xuét
hién dong cong suat nguoc nhung 3 KB con lai thi c6. taporrc cia KB may ha
xudng +1 vao 11:00 va duy tri den 13:00, cac SI khong tac dong. tapoy,rc cua 3
kich ban con lai ha lién tiép 3 nic xuéng -1, 9 SI hap thu téi da dé han ché vi pham
V-1; (5) Tir 13:00 dén 17:00: Prpy giam dan, tap cua céc kich ban ting dan dén +1
IGc 17:00, SI chuyen tir hap thu vé khong tac dong; va (6) Tir 17:00 dén 00:00,
Prpy = 0 O tit ca KB, tap tang 1en +3, 9 SI bom dé hd tro dlen &p tai thuan.
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Hinh 5.7. Két qua phan tich lich trmh OLTC va SI
Tir d6 khang dinh: (1) DDQN di hoc dugc chién luge diéu khién hop Iy va cé
du phong an toan; (2) Rang budc vat ly vé thoi gian tac dong giita hai lan lién tiép
cua OLTC la rang budc cimg quyét dinh AHC; (3) 09 SI hip thu Qiny max trong
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sudt giai doan 4 1a rai ro qué tai cuc bd trén nhanh gan ngudn; va (4) OLTC khéng
thé b&o hoa. Néu tich hop rang budc nhiét vao ham thuéng, mic tham nhap sé tang.
5.2.5. Ddnh gid, so sdnh két qud

Vé phuong phéap: (1) DDQN lua chon hanh dong roi rac phii hop véi tinh chét
co hoc ciia OLTC, sir dung tac tir dé xir Iy 24.213 tham s6 cho mang no-ron dé
giam tinh toan, nhé hon nhiéu so véi cac nghién ciu [13], [14], [15], [16], [17] va
[18]; (2) 6/7 m6 hinh str dung lugi chuan IEEE 33 n(t ¢ ciing théng sé hé thdng
va rang budc; (3) DDQN st dung 50 kich ban RPV va phu tai bao déam bao phu
kich ban van hanh; (4) Duy nhit DDQN sir dung 4 KB BXMT dé dénh gia AHC
va bo sung rang budc I. Két qua mé phong ching minh hiéu qua caa 07 nghién ciu
trong viéc loai bo vi pham V, giam ton that va chi phi van hanh. Xét két qua phan
tich AHC, DDQN duoc so sanh véi [19], [20] va [21] do sy twong dong vé phuong
phap va diéu kién md phong. Kha ning cai thién mac thAm nhap ting tir 60 — 200%
tly chién lugc diéu khien. [19] dat AHC 229% khi sir dung nhiéu thiét bi diéu khicn
nhat nhung cho phép vi pham V rat nho va khdng xét rang buoc I. [20] khong diéu
khién dién 4p toan lugi ma dung PSO tim tap diém thiét Iap t6i wu Volt-Var cho
tirng nut RPV gitip ludi dat mac thdm nhap tinh 174,8% va AHC nang thém 44,3%;
[21] phan tich toan dién cac giai phap diéu khién co tinh dén cuc tiéu chi phi khach
hang, HCgrpy dat 113% va AHC cai thién 49,2%. DDQN dé xuit dat muc nang

tham nhap tir 121 — 147% so véi mitc co so cua COOA.

CHUONG 6. KET LUAN VA HUONG PHAT TRIEN
6.1. Kétluan

Luan an di nghién ctru, phan tich tic dong cia RPV dén dong dién, dién ap va
tén that khi tham nhap cao vao ludi MV, dong thoi dé xuat hai mé hinh xac dinh
kha ning thAm nhap toi da cong suat RPV va mot mé hinh cét giam chon loc cong
suat RPV dé bao dam van hanh an toan, kinh té. Bén bai toan dugc thuc hién:

Bai toan 1 — Nghién ciru tac dong ctia RPV vao ludi MV — ¢6 ¥ nghia thyc tién
khi DPMT tham nhap nhanh vao ludi MV nhung dién luc dia phuong chua du kinh
nghiém van hanh ludi tich hop. 07 RPV c6 cong suat dat ~650 kWp duoc lap trén
lui. Két qua chang minh su thdm nhap RPV vao luéi & muc d6 hop ly gilp cai
thién hiéu qua AP cua luéi. Trong rang budc gia dinh cta bai toan, RPV tham nhap
trén 85% giy vuot ngudng AP, dat 135% lam qué tai toan bo MBA trén xuat tuyén.

Bai toan 2 c6 gid tri thuc tidn cho viéc cat giam téi vu cong suit RPV trén ludi
MV. Bai toan la hé qua caa quy hoach bat hop Iy RPV tich hop vao ludi. Két qua
ching minh san luong cit phu thude vao dién &p ngudn tai thanh céi va cit giam
trong diéu kién cuc doan bat budc phai dugc xem xét khi tich hop RPV vao bat ct
nat nao trén ludi. Vi téng cong sut tham nhap 9,28 MWp, tai dién ap CO SO VA
diéu kién ning tét, RPV c6 thé tham nhép dén 190,4% nhu cau tai ma khong gay
bt ctr vi pham nao. Khi V, tang 1én thi sé lugng vi pham V-I tang theo cap s nhan,
ty 1¢ cat giam RPV ciing tang, dao dong tir 21,08% dén 48,69% tong san lugng phét
trong ngay theo kich ban. BA la thuat toAn MH hiéu qua dé giai bai toan nay.



24
Bai toan 3 xac dinh muc tham nhap téi da RPV bao dam tdng ton that nho nhat.
COOA két hop FBS xac dinh muc thAm nhap téi da nguon RPV tai mdi vi tri. Bo
két qua ti wu bao gdbm Vi tri lap dat, cong suat phat, va hé so cong suét phat tdi uu
tai mdi vi tri trén ludi. Trén ca hai luéi md phong chuan, COOA cho két qua vuot
troi so véi hau hét cac MH khéc. Két qua cho thay: véi kich ban ¢6 dinh PFrpy m =
1, kha ning tham nhap RPV dung bang Poys Cia ludi; néu khong cé dinh
PFrpym) Lval. va Ngpy, két qua tham nhap bién thién tir 65% dén 115% nhu cau
Pyys- Ty 1€ cat giam ton that cong suét khi cd dinh Ngpy, LRPV1 va PFrpym = 1 cho
hai lusi lan lugt 1a 65,50% va 69,14%; trong khi néu linh hoat PFrpy m,
Nrpy, Lrpyi; COOA c0 thé tu toi wru dé cit giam hon 99% ton that trén ludi.
Trong bai toan 4, mé hinh DDQN duoc dé xuét nham tan dung kha nang hoc
tang cuong sau, tu thich wng théng qua hoc tuong tac va ra quyét dinh cia DRL,
két hop véi kha ning phan tich va xir ly dit liéu ciaa ANN dé diéu khién van hanh
ludi. Voi ba myc tiéu toi vu, OLTC va SI duoc sir dung dé diéu khién dién ap va
cong suat phan khang trén luéi. Sau 500 vong lap huan luyén, DDQN da doc lap
diéu khién luéi mot cach hiéu qua. Rang budc nhiét duong day 1 gigi han chinh
song song vd&i dién ap trong viéc quyét dinh AHC cua ludi. Khi ting dan muc tham
nhap RPV, AHC bién thién khong theo quy luat BXMT va dat gigi han & muc
150% Pyys V6i kich ban may mu, 254,1% véi kich ban troi may va trung binh, va
250% v&i kich ban troi quang. Khi xét dén nhiét do van hanh cia RPV va moi
truong tai thoi diém BXMT cuyc dai, AHC m6 phong cd thé giam dén 30%.
6.2. Hwéng nghién ciru tiép theo
Mic du da dat duoc mot s6 két qua nhat dinh, luan &n van con mét sé khia canh
chua duoc khao sét va nghién ciru day dua. Trong cac nghién ciu tiép theo, tac gia
tap trung mé rong cac van dé sau (nghién ciru doc 1ap hodc dong thoi):
— M6 rong nghién ciu HCgpy va AHC cho luéi ha thé;
— Nghién ctu HCgrpy va AHC str dung di liéu lich sir va thoi gian thuc thay cho
dix liéu du bao;
— M@ rong pham vi phu tai va thiét bi didu khién, tich hop giai phap diéu ap va
luu trit ndng luong;
— Xem xét dén cAu trac luéi MV mach vong;
— B sung rang budc van hanh va da dang hoa muc tiéu didu khién;
— Nghién ciru mé hinh lai méi va rién khai thuc nghiém trén xuit tuyén thyc té
cua Viét Nam.
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