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pO AN TOT NGHIEP
LOI NOI PAU

Hé thong sa thai phu tai dudi tan sé (UFLS) d3 dugc sir dung rong rai tir nhitng
nam 1960 nham chéng lai sup d6 tin s6 va rd lu6i sau khi dién ra nhitng su ¢ din dén
su suy giam tan sd. Viée xac dinh thong s6 chinh dinh cho ro le sa thai phu tai 1a bai
toan rat phirc tap, ton nhiéu coéng sirc. Vi tinh can thiét cua hé théng cAn mot moé hinh
dam bao cac yéu cau vé bao vé tan sd, giam thiéu luong tai can sa thai xuéng nho nhat
trong trudng hop su cd, vay nén em dugc dinh hudng lya chon dé tai “Tinh to4n thiét

ké hé thong bio vé sa thai phu tai cho hé thong dién”

Muc tiéu cta ludn vin nay 1 xay dung quy trinh tinh toan mét cach c6 hé théng
nham xac dinh céc gia tri chinh dinh cho ro le sa thai phu tai theo tin sé bang phuong
phap quy hoach tuyén tinh nguyén thuc hdn hgp dua trén nhiing trinh bay trong bai bao

khoa hoc cua tac gid Frida Ceja-Gomez .
Luan van da dugc hoan thanh va trinh bay ndi1 dung trong 5 chuong

1. Tong quan vé tan sb trong hé thong dién

2. Dép ung tan sb cta hé théng dién khi xay ra cac sy cd mat can bang cong
sut

3. Xap xi hoa dap ung bang hé sai phan bac nhat

4. Mb hinh bai toan ti uu héa MILP

5. Tinh toén cu thé vé&i ludi SAVNW

Pé tai duoc hoan thanh tai bd mon hé théng dién, str dung cac phén cac phén
mém, cong cu may tinh chinh trong qua trinh lam luin vin 1a PSS/E, MATLAB,
CPLEX. Trong thoi gian hoan thanh luén van, nhd cé sy quan tdm cua thﬁy c0, ban
bé va gia dinh, ngudi viét dd hoan thanh duoc ¥ tudng ban dau cia minh vé viée tinh

todn, lya chon phuong phap thuc hi¢n bai toan.

Duong Tung Lam SHSV : 20091544
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DO AN TOT NGHIEP
Tuy nhién thoi gian c6 han, cling nhu trinh d6 1y luan, kha nang nghién ctru ciua
ban than con nhiéu han ché, nén dé tai nay chic chin con nhiéu sai s6t. Em rat mong

nhan duoc nhitng gop ¥ tir cac thay c6 dé em c6 thé ngay cang hoan thién nhing kién

thitc cia minh tot hon.

Trong thoi gian lam dé tai nay, em cam on su gitip d& nhiét tinh tir cac thay co
bd mon, cac ban trong 16p hé théng dién. PBac bi¢t em xin gui 161 cdm on chan thanh to1
Ts. Nguyén Pirc Huy ngudi d ludn theo sat, tan tinh huéng dan, chi bao, truyén thu
kién thirc khong chi giup em hoan thanh dd 4n nay ma con c6 thém hiéu biét trong

nhiéu linh vuc khac.
Ha Noi, ngay 10 thang 6 nam 2014

Sinh vién thuc hién

Duong Tung Lam

Duong Tung Lam SHSV : 20091544
Lop k¥ thuat dién 3- K54- BDH Bach khoa Trang 2
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CHUONG 1
TONG QUAN VE TAN SO TRONG HE THONG DIEN

1.1. Pt véan dé

Nhitng thanh tyu to 16n dat dugc trong lich sir phat trién nganh cong nghiép
ning luong, dic biét trong nhitng nim gan day da cho phép thiét ké, xay dung cac hé
thng dién c6 do tin ciy cao va hiéu qua kinh té 16n dap Gtng mét cach t6t nhit cac nhu
cau chung cta xa hoi. Trong bdi canh d6, su phat trién ciia cac thiét bi, hé thong bao
vé, st dung uu thé ciia may tinh dién tir ngay cang dong vai trd quan trong, né dam bao
cho tung thiét bi dién cua hé thong nhu cac may phat, cic tram bién ap, dudng day
truyén tai,dong co, cap ngﬁm...vé toan bo hé théng lam viéc mot cach an toan, hiéu
qua, ludn phat trién lién tuc va bén virng. Mot trong nhiing yéu cau quan trong ctia hé
théng dién la truyén tai dién nang tir noi san xuét, cac nha may dién dén cac ho tiéu thu
phai thoa man cac tiéu chuan vé chat lugng phuc vu (bao gdm chat luong dién ning va
d6 tin cdy cung cip dién). Diéu kién can dé hé thong dién 6n dinh 1a dam bao can bang
cong suat tic dung, va cong suat phan khang cta hé thong tai moi thoi diém. Tuc 1a
cong suit phat luén ludn phai can bang véi cong suat yéu cau ciia hé thong dién.

Pp= Pyc= Ppr+AP
QrF= Qyc= Qpt+AQ (I.1)

Véi P 1a cong sudt tac dung va Q 1a cong suit phan khang. Can bang cong suét
phan khang thé hién qua dién ap, va mang tinh cuc bo, mdi noi cta hé thong co dién ap
khac nhau. Diéu chinh cong sut phan khang ciing mang tinh cuc b, c6 thé tang dién
ap 1én bang cach bu thém Q hodc nguoc lai,cé thé thay d6i dong cong suat phan khang,

tuy nhién van phai dam béo can bang Q cho toan hé thong.

Do sy lan truyén ning luong dién trong hé thong 1a tic thoi nén cé thé ndi can

bang cong suat tdic dung mang tinh toan h¢ thong, moi sy mat can bang cong suat tac

Duong Tung Lam SHSV : 20091544
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pO AN TOT NGHIEP
dung xay ra bat ky dau trong hé thong dién déu tic khac lan truyén trong toan hé
théng. Can bang cong suit co dién trén truc clia cac may phat dién 1a cac diém can
bang quan trong[10]. Do tinh chat nay nén viéc diéu chinh can bang cong suit tac dung
duogc thuc hién ¢ cac té may phat. Tuy nhién cac may phat cling chi dugc ché tao trong
mot gidi han cho phép dam bao khong bi phd v& boi cac luc vat 1y, co hoc, nén cong
suit tac dung phat ciia may phat khong thé dat duoc trong gidi han (0;00). Nén dé dat
hiéu qua trong dam bao can bang cong suit tac dung, trong 1 sd trudng hop ta phai tién
hanh sa thai phu tai, didu chinh cong suat tiéu thu ctia cac phu tai cho thich hop. Cong
suat tac dung dugc coi 1 can bang néu tan sb trong pham vi cho phép, néu thap hon

gia tri min tc la dang thi€u cong suat, va thira néu tan s6 cao hon fuax.

Do 1éch tan s6 ciia mot hé théng dién so vd&i gia tri danh dinh 1a phan anh cua sy

khong can bang giira cac ngudn cung cap (cac may phat) va phu tai.

__Inter-Regional__

Sales Purchases
Interchange
Power
Load Generated
?Losses \
Frequency
DEMAND Decrease Increase SUPPLY

e

\ | P
A 6 ~
- T +

Hinh 1. 1 Cén can cén bang céng suét

Tan s6 hé thong khi 1éch khoi gid tri cho phép 1a rat nguy hiém, phai duoc theo
ddi va kiém soat rat chit ché. Anh hudng 16n nhat cua viée tn sé nim ngoai pham vi

cho phép 1a cac may phat dién s& quay véi téc do khac toc do dong bo cua hé thong, co
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DO AN TOT NGHIEP
thé gdy 10ng tdc, gay xodn truc tua bin, hu hong cho may phat, cac dong co s& thay doi
tbc dd quay, gy anh hudng truc tiép dén san suét... Dé tranh diéu nay, cac nha san xuét
may phat da thiét 1ap gidi han thoi gian an toan v6i mdi tan s6 nhat dinh, khi cdc may
phat hoat dong & tan sé d6, néu gisi han thoi gian d6 bi vuot qué, cic may phat dién s&

dugc ngit ra khoi hé thong dé dam bao an toan cho chinh ban than né.

Tuy nhién, khi may phat dién cit ra khoi hé thong can phai duoc phdi hop véi
viéc sa thai thém phu tai, néu khong, hé thong s& khong c6 kha ning cung cap du cong
sut tac dung cho phu tai, két qua tan sb tham chi con toi té hon. Sa thai phu tai tan sb
thép (UFLS) duoc thiét ké dé bao vé hé théng dién khéi cac su cb lam cho tan s trong
hé thong giam dot ngot, khi diéu chinh so cip duoc xay dung trong hé thong khong du

kha nang dé mang lai tan so tr¢ lai gia tri on dinh ban dau.

Ro le sa thai phu tai theo tan sd (F81) s& ngit két ndi cac khéi tai khi tan sb ndm
dudi ngudng cai dit cia ro le.Tuy nhién, cac thiét ké thong thuong cua cic chuong
trinh UFLS chu yéu dya trén kinh nghiém vé dap ung tan sb cua cta hé thong. Vé co
ban, sé dua ra cic cai dat thu nghiém cho ro le, kiém tra va diéu chinh lai céc thong sb
cai dat cho dén khi thu dugc mot chuong trinh UFLS hop 1y. Phuong phép nay rat
thiéu hiéu qua, khong c6 tinh hé thdng va thuong dan dén phai sa thai mot luong phu

tai 1én hon so vo1 yéu cau.

Trong luan vin ndy sé& trinh bay mot chuong trinh t6i wu voi cac bién tuyén tinh
13 hdn hop gitta cac s thuc va s nguyén cua hé théng role UFLS. Véi muc dich 1a dé
thiét ké UFLS mot cach hé théng hon, it bi phu thudc vao thtr nghiém, va giam )

lugng phu tai phai cat di it nhat co thé.

1.2. Piéu chinh tin s6 trong hé théng dién

1.2.1. Tac hai ciia viéc tin so trong hé thong khong 6n dinh.

La mot trong nhitng ti€u chuan ky thuat vé chat lugng dién nang, bén canh dién
ap nén tan sd dong vai tro quan trong trong viéc dam bao cac thiét bi hoat dong binh

thuong, duy tri trang thai on dinh lau dai cho hé théng. O Viét Nam theo Piéu 4 Cong
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pO AN TOT NGHIEP
tu 32 cua Bo cong thuong quy dinh cho luéi dién phan phdi. Tan sé dinh mic trong hé
thng dién qudc gia 1a 50Hz. Trong diéu kién binh thuong, tin sd hé thong dién duoc
dao dong trong pham vi +0,2Hz so véi tan sé dinh mic. Truong hop hé thdng dién
chua 6n dinh, tan sd hé théng dién dugc dao dong trong pham vi +0,5Hz so vdi tan sb
dinh mirc. V& co ban sy thay doi tin sd c6 thé gy ra hau qua xdu anh huéng dén sy

lam viéc binh thuong cua cac thiét bi cling nhu cua hé théng dién
a) DAi véi thiét bi dién.

Cac thiét bi dién duoc thiét ké va to1 wu & mot mirc tan s6 nhat dinh, su bién doi tan
s6 dan dén giam cong suét cua thiét bi, dic biét 1a nhiing dong co, thiét bi str dung dién

tr truong.

Véi cac dong co dién khi tan s6 thay do1 s€ dan dén toc d§ quay cua dong co
thay doi, anh hudng truc ti€p dén nang suat lam viéc cia cac dong co, khi tan so ting

cong suat tiéu thu ciia dong co cling ting 1én va nguoc lai.
b) P6i voi hé théng dién

Bién d6i tan s6 lam anh huong dén nhing hoat dong binh thuong cia cac thiét
bi tu dung trong nha may dién, dac biét 1a cac nha may nhiét dién va dién nguyén tir, c6
nghia né lam anh huong dén do tin cady cung cép dién cho hé théng dién ty dung. Tan
s6 giam c6 thé dan dén cac bom tuan hoan, cic bang chuyén van tai nhién liéu dot bi
ngimg...c6 thé din dén dimg mot sé t6 may. N6 cang lam trAm trong mirc 46 mat cn
bang cong suit két qua co thé din t6i hién tuong sup d6 tan sb (thac tan sb) va cac to

may s& bi cat ra khoi hé théng.

Céc thiét bi duoc t6i vu hoa & tin sd 50Hz, dic biét 1a cac thiét bi quan day tur
héa nhu mdy bién ap, khi tan s6 thay doi lam giam hiéu suét sir dung cac thiét bi. Khi

tan s6 giam qua thap con co thé gdy nén hién tugng bio hoa tir, 1am ting phat nong.

Tan s0 thay doi c6 thé dan dén viéc thay doi trao luu cong suat cua hé thong, tan

s6 giam thuong lam ting tidu thu cong suat phan khang, ddng nghia véi thay doi trao
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lwu cong suat tac dung, va ton that trén duong ddy truyén tai. Khi cong suat phan khang
khong dap ung du 1am dién ap trong hé thong giam thap dén mot mirc d6 nao d6 co thé

gay lén hién tugng dién ap suy giam dot ngodt (thac dién 4p) va cac phuy tai s€ bi tach ra,

hé théng bi chia tach thanh nhiéu phan nho.

Téc d6 quay cua cac may phat chinh giam lam cac may phat kich tir ciing giam
tdc, lam giam dién ap kich tir dan dén giam dién 4p dau cuc may phat, mic do du trit

6n dinh xudng thap, hé théng d& bi chia tach [6]

Khi tan s6 nam trong gidi han nguy hiém tir (45+46) Hz, ¢ tan s nay cac thiét
bi dién dung lam viéc véi hi¢u qua thép, hé théng dé mat 6n dinh, thuong xuét hién

cong hudng 1am cho cac may phat, dong co rung manh, c6 thé bi pha hong.
1.2.2. Piéu chinh tin so trong hé thong dién

Céac may phat di¢n thuong dugc van hanh nhu mot phﬁn cua mot mang luoi két
nbi hé théng. Néu mot may phat dién khong hoat dong, trong mot mang ludi du 16n thi
cac may phat dién con lai c6 thé nhanh chéng 1ap day luong cong sudt thiéu hut méi
duoc tao ra gitra di€n nang ti€u thu va nang lugng dién sinh ra, va ngan ngtra mat dién.
Mot nhom cac nha may dién duoc két ndi véi ludi dién dé hinh thanh mot khu vuc

dong bo.

Trong mot mang ludi nhu vay mdi may phat dién phai quay véi ciing tan s, do
d6 c6 thé ndi tan sd trong hé thdng dién 13 nhu nhau & moi diém cta hé thdng. Ngay
nay, cac khu vuc déng bo rat 1on, 6 thé bao g@)m mang ludi dién cua mot sb6 nudc. Vi
du nhu UCTE ( T6 chtrc phan phdi va truyén tai dién chau Au ), trong d6 bao gébm hau
hét lyc dia chau Au, va NORDEL ( Hé thdng dién Bac Au)... O Viét Nam cac khu vuc
déng bo ¢6 thé duoc chia thanh cac diéu do mién, duge kiém soat boi trung tdm diéu
d6 HTD quéc gia A0 dudi su chi dao ctia EVN. Phong diéu hanh hé thong truyén tai co
trach nhiém khai thac hé théng truyén dan van hanh va duy tri hé thong luéi dién trong
khu vuc cua ho, va dam bao rang tan sd hé thong khong di chéch khoi mot gia tri quy

dinh.
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Mot kho khin véi san xuit nang lugong dién l1a nang lugng dién khong thé du
trit, ngoai trir s6 lwong rat nhoé va thoi gian ngin. Do d6 né phai dugc san xuét tai cing
mot thoi diém ma tai d6 nd duoc tiéu thy. Viée can biang cong suit giita san xuat va
tiéu thu phai dién ra tai bat ctr thoi gian nao. Pay khong phai 1 nhiém vu d& dang, céc
nha may dién can phai dugc lién tuc didu chinh dé dam bao ring tong san luong dién
ctia ho luén dam bao nhu cau cua khach hang. Cac phuong phép kiém soat duwa trén
thuc té dé can bﬁng gitra di€n nang ti€u thu va san xuét dién la rat khé khian khi ma tin

s6 hé thong thay d6i khong ngimg.

Khi ting cong sudt tai hay mat cong suat phat ciia mot phat dién, mé-men xodn
clia tai yéu cau tro nén 16n hon. Néu su thay d6i cong suat nay khong duoc dap ung
bang cach cic may phat khac ting cong suit phat dé ting mo-men xoan cong suit phat,
thi tuabin s& bat dau cham lai. Do téng di€én nang tiéu thy trong mot mang ludi khong
thé do ludng tryc tiép va hiéu qua, nén sy can bang dugc duy tri bang cach giir khong

doi tan s6 hé thong .

Céc giai doan di€u chinh tan s6 cia HTD tuy theo tung quoc gia, khu vyc ma co
nhitng quy dinh, khai ni€ém ri€ng. Thong thuong bon muc d6 kiém soat, diéu chinh tan
s0 dugc st dung mdi muc do 1am viéc tai mot thoi diém sao cho ching s€ thuc hi¢n

sau khi muc d6 trude d6 da didu chinh hét kha nang cia minh [11].

e Diéu chinh cip 1 (so cdp) do thiét bi diéu chinh so cdp ciia cic may phat
thuc hién ty dong. Giilr sao cho tan s tro vé gia tri chép nhan duoc.

e Diéu chinh cép 2 dua tan s6 vé gia tri dinh mirc hay trong mién do léch
cho phép tiy thudc hé thdng diéu tan sir dung.

e Diéu chinh cdp 3 nhiam phéan bd lai cong suat gilta cac nha mdy, cac to
may theo diéu kién kinh té.

e Cubi cung la qué chinh chuan hoéa thoi gian, dé dam bao déng bo hoa lai
toan hé thong.

Mo hinh diéu chinh tan s hoan chinh dugc thé hién bang hinh 1.2

O Viét Nam viéc diéu chinh tan s6 duge thuc hién theo so dd hinh 1.3
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Hinh 1. 2 Biéu chinh tan sé trong hé théng dién
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Hinh 1. 3 Biéu chinh tén sé trong hé théng dién Viét Nam

1.2.3. Sa thai phu tii trong h¢ thong dién

Khi xay ra thiéu hut cong sut tic dung trong hé thong dién, chung lam giam tan

sO trong hé thong xudng thap. Néu trong hé théng con ton tai cong suat du phong (cong
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suat nong) thi hé thong sé diéu chinh tan sé nhu muc 1.2.2 dé duy tri tin s6 vé gia tri
dinh trude. Tuy nhién, trong nhitng trudng hop khi d3 huy dong toan bd cong suit tac
dung du trir c6 thé c6 trong hé théng dién ma tan sd hé thong khong thé phuc hoi vé gia
tri an toan cho phép thi bién phap duy nhét c6 thé ap dung dé dam bao hé théng van 6n
dinh 1a cit b6t mot sb phu tai it quan trong nhat. Hinh 1.4 thé hién dap tng tan sb véi

cung mot su kién mét cong suét[8].

Frequency (Hz)

50 100 150
Time (seconds)

a) b)

Hinh 1. 4 Tén sé hé théng va dw phong céng suét

a) Hé thdng c6 du dw phong néng  b)Hé thdng khéng dd dw phong néng

Thao tac d6 nho tic dong ciia ro le F81 — Ro le sa thai tan s6 thap. RS rang tac dong
ctia 1o le sa thai tan sd thap ludn gay ra nhiing thiét hai kinh té khong tranh khoi. Du
vay ro le sa thai phu tai tAn s6 thip vin dugc 4p dung rong rii trong hé théng dién, du
phong cho trudng hop tan sd hé thong mat kiém soat. Tat ca cic may phat dién déu
dugc trang bi ro le tan sb thap. Ngudng chinh dinh cta ro le tin s cac may phat dién

duoc dua trén dac tinh lam viéc cua tuabin.
1.2.4. Tong quan vé ro le sa thai phu tai tan s thap

Muc dich cua role sa thai phuy tai theo tan s 1a phat hién tinh trang tan s6 thap
trong h¢ théng dién va ciat mot sd tai tranh cho hé théng mét 6n dinh. Tan sb cac nut
dugc quan sat & cac tram bién ap va néu tan sé giam xubng dudi mot ngudng dat nhat

dinh £, mot khdi timer (bd dém thoi gian) s& khoi dong. Khi thoi gian dém dat dén mot

Duong Tung Ldm SHSV : 20091544
Lop k¥ thuat dién 3- K54- BDH Bach khoa Trang 12



DO AN TOT NGHIEP
gia tri dat trudc Af, may cit cla xuit tuyén s& nhan dugc tin hiéu cit khoi phu tai Ad
tuong Gmg voi dudng day xuat tuyén. Khi tan s tan sb trd vé mot gia tri cao hon f; (c6
thé do dao dong tan sd) trong khi d6 b dém thoi gian chua dat toi gia tri thoi gian cai
dit Ats thi thoi gian ngay lap tirc duoc reset vé 0. Hinh 1.5 mé ta hoat dong ctia mot ro

le sa thai phu thai theo tan s6 cho ludi dién c6 tan s6 dinh mic 1a 60 Hz.

Timer Freguency
Timer zel point

.
e

Fraquency (Hz)
“

a1
o
A
\
e &

¢ Frequency
load & recovers by
15 ” shadding
some loa

Frequency
255 without .
load shedding
% 1 1 1 1 1 1 1 1
0 1 2 3 4 5 B 7 g 9 10

Time (=)

Hinh 1. 5 Hoat dong cta ro le sa thai phu tai

Hau hét céac role sa thai phu thai theo tin sd c6 nhiéu hon mdt stage (ngudng )
sa thai phu tai (thuong 1a tir 3 dén 5). Mot ro le tan s thap co thé duoc thiét ké dé tac

dong nhiéu 1an hodc nhiéu ro le duoc st dung dé tac dong cho cac ngudong khac nhau.

Tat ca cic may phat déu duogc trang bi tinh ning bao vé cit tin sb thip. Tuy
nhién, viéc cat may phat ra khoi hé thong khi cac may nay khong con kha niang hd tro
viéc phuc hoi tan sd, dan dén viéc can phai c6 tiéu chuin dé phéi hop su lam vi¢c cua
ro le sa thai phu tai va ro le cat may phat khi tan s6 xudng thap. Vi du nhu 14 cit thém
mot luong tai twong dwong voi luong cong suit cia may phat bi tach khoi hé théng.
Mot s6 van dé di kém véi viée cat may phat trong trudng hop tan s6 thap nhu 13 viéc

giam quan tinh cta toan hé thong hay thiéu cong suat phan khang ¢ khu virc may phat
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bi cat s& lam tinh trang ctia hé thong x4u di. Boi vay, viéc cat may phat do tan sb thap

trude khi sa thai phu tai tin s hoat dong phai duoc giéi han va tuan theo nhiing tiéu

chuén hét strc khit khe.

Thong thudng cac ro le sa thai phu tai thudng dit tai cic tram bién ap theo hai

mo hinh chinh sau:
e So d6 tap trung
=  Sur dung mot ro le do luwong c¢6 do chinh xac cao, tiét kiém chi phi

= Chinh dinh linh hoat mtrc o wu ti€n gitra cac xuét tuyén khi can sa thai phu

tai
= D& dang hon khi tién hanh phuc héi tai
e S0 d6 phan phdi

=  Sir dung chirc niang bao vé tan so tich hop sin trong cac ro le da chirc ning
= Thiét ké don gian
= Miuc d tin cdy cao do c6 nhiéu phan tir tac dong
= Tinh toan, thay doi chinh dinh phtc tap hon
= Thoi gian phuc hoi phu tai 1au hon (do mat thoi gian thu thap sd liéu)

Céc ro le c6 thé két hop dé kiém tra dong, ap dé ting do tin cdy, tranh tac dong nham.

1.3. Mot so sur ¢6 16m trén thé gi6i lién quan dén bién dong tin so

Mot s6 su kién bién dong tan sb 16n xay ra trén thé gi6i trong nhirg nim gan
day co thé ké dén bao gdm su ¢ ra ludi Italy nam 2003, va su ¢b tach mién & chau Au
thang 11 nam 2006.
1.3.1. Sw cb ri lwdi Italy ngay 28/09/2003.
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Italy mua mot lugng 16n cong suit dién tir Lién minh Chau Au (16% tong cong
sudt ctia nudc nay trong nim 2002) do chénh 1éch vé gia dién. Trude khi xay ra ra ludi,
tong cong sudt tiéu thu cua Italy 12 27,4 GW, trong d6 c¢6 3,4 GW 1a cua thuy dién tich
nang. Nha may dién cta Italy san xuat duoc 20,3 GW, bao gdbm hon 18GW nhiét dién
va hon 1GW thuy dién. Toéng cong 6,8GW dugc nhap khau tir cac nude 1a Phap, Thuy

Si, Ao va Slovenia

Y Lirng
L
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'? K Soyeizens t, B“'__'_'_-’.—‘

L= . Red| = __ Divaca
Albertvilia Valpalling Eu;uw;:\-
56 s Flpaty” SLOVENLA
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s ,_’.‘,,‘—/-“‘ Line of separation from the European grid

Hinh 1. 6 Lién két cia hé thbng dién Italy véi Chau Au
Luc 3:01:22 sang, mot duong diy 400kV tir Thuy ST sang Italy bj cit dién do su
c6 phong dién vao cay. Puong day dong lai khong thanh cong dan dén gia ting cong
suat truyén tai trén mot sé6 dudng day ndi tir Phap, Ao va Slovenia sang Italy, 1am qua
tai duong day 400kV Sils-Soazza va duong day Moaten-Airolo 230kV trén ludi Thuy
Si. Tiép d6, duong day 400kV Sils-Soazza bi cat, khoi dau qua trinh cét lan truyén

khong kiém soat dugc, chia tach ludi dién Italy ra khoi luéi dién Chau Au.

Sau khi Italy bi tach khoi ludi dién chau Au, hé théng sa thai phu tai hoat dong
khong hi¢u qua két hop voi viéc cit nham 24 may phat nhiét dién va mot sb luong 16n
cac ngudn phan tan ndi vao ludi trung ap, dan dén sup dd tan sd, mét dién toan nudc

Italy (~27GW) vao luc 3:28 sang.
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Hinh 1. 7 Chénh léch céng suét va tan sé cua lwéi dién lItaly sau khi bj tach

1.3.2. Luéi dién chau Au ngay 4/11/2006

Vao ngay 4 thang 11 nim 2006, mot ké hoach chua duoc kiém duyét nham ngit
két ndi cia mot duong day dién ¢ Pic dé mot con tau co thé bing qua song Ems mot
cach an toan, khién cho luéi dién truyén tai chau Au chia thanh ba khu vuc nhu hinh

1.8.

Khu vuc phia Tay 1a anh huéng nhiéu nhat, véi mot sy mat can bang ning
luong dat t&i 22% gay ra tan s6 giam xudng 49 Hz . Khoang 15 triéu ho gia dinh bi anh
huong bai mat dién, nhung hé thong da dugc phuc hoi nhanh chéng va duge ngin ngira
boi hoat dong cua cac chuong trinh tu dong UFLS. Ro le sa thai phu tai da lam viéc, sa

thai hon 17GW, dua tan s6 hé thong vé gii han cho phép.

O khu vuc Pong Bic, cong suat tac dung thira dy tan s6 1én 51.4Hz. Cac ngudn
phan phéi, dac biét la nguén dién gio, duoc cat khoi hé théng do tan s cao, lam giam
tan sb cua hé théng xudng. Tuy nhién mot sé may phat dién gi6 tu dong dong lai voi hé

thdng khi tin s tré vé gii han cho phép, khién cho tan sé lai ting vao lic 22:13.

Duong Tung Lam SHSV : 20091544
Lép k¥ thuat dién 3- K54- BH Bach khoa Trang 16



pO AN TOT NGHIEP

O Area 1 under-frequency
O Area 2 over-frequency
Hl Area 3 under-frequency

Figure 4: Schematic map of UCTE area split into three areas

Hinh 1. 8 Hé théng dién Chau Au bj phan tach thanh 3 mién.

O khu vuc DPong Nam, chénh léch giita cong suét phat va cong sut yéu cau nho,
(29,1GW/29,88GW), tuy nhién xuat hién dao dong cong suat dan dén cat mot may phat
& Bosnia vao lac 22:10, khién cho tan sb giam xubng 49,79Hz. Tuy nhién, do tan sb
nay van nam trén ngudng dau tién cia ro le sa thai phu tai nén khong cé phuy tai nao bi

sa thai ca. Tan so0 ludi dién 3 mién sau khi tach lu6i ¢ hinh 1.9
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Hinh 1. 9 Tan sb 3 mién khi tach Iwéi
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1.4. Muc tiéu va cach thirc thwe hién dé tai.

Muc tiéu nghién ctru nhitng dép Gng tan s6 cua hé théng dién voi mot sy kién
bat ky, ddc biét 1a trong van dé dép tng tan sd v6i su kién mat cong suat, ndm bat dugc
cac van dé cai dat ro le tan s6. M6 phong thanh cong cac su kién bang phan mém
PSS/E. Xdy dung duoc mo hinh bai toan tdi wu hoa dya trén y tudng cua tac gia Frida
Ceja —Gomez. Str dung CPLEX tinh toan toi wu mo hinh MILP

Mot cach tong quat cac bude tién hanh trong luan vin dugc thé hién bang so b khdi
bén dudi

Hé thong dién dang 6n
dinh

Su kién

lam mét MAt 1 hodc
cAn bang mdt s6 méy
cong suat phat
tac dung

M6 phéng Dynamicbang
PSS/E . Kiém tra két qua
Nhén duoc dép tmg tan
sO theo su kién dau vao

Két thiic bai toan
Keét luan & nhén xét

Mo phong lai

Dung Matlab ba“lng o
nhén dallg dé.p PSS/E khi ¢6 ro

(g bang h¢ sai le tan sO

phan béc nhat

Dua két qua Két qua t6i wu
nhén dang vao dwa va cai datro
mo hinh to1 vu le tan sO

Hinh 1. 10 Trinh tw thuee hién caa luédn vén
e Budc 1: M6 phong PSS/E véi su kién bat ky dé thu duoc dép tng tan sd cta hé
thong
e Budc 2: Nhan dang dap Gmg tan sb cua hé théng bang hé phuong trinh sai phan

bac nhét
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e Budc 3: Lap trinh tinh toan t6i wu
e Budc 4: Cai dit role va mo phong kiém chimg két qua.

Dé tai duoc thyc hién dya trén cac phan mém chinh 1a PSS/E, MATLAB, va CPLEX
trén nén MATLAB.
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CHUONG 2

PAP UNG TAN SO CUA HE THONG PIEN KHI XAY RA MAT
CAN BANG CONG SUAT

2.1. Dap tng tin s6 trong hé théng dién

2.1.1. Tén s trong hé thong dién

Mot hé théng dién hoat dong nhu mot chuyén dong xoay quanh truc cua hé
thong co khi. Hinh 2.1 cho thay mot hé thong dién don gian. Niang luong co hoc duoc
san xuat tir stc nude hodc hoi nude va gay ra mo-men xoan co hoc T trén truc cla
tua bin mdy phat dién. May phat dién bién ddi ning luong co hoc thanh ning lugng
dién. Cac phu tai dién nhu nhiing tai trong két ndi véi cac may phat dién gay ra mot
mé-men xodn dién Te nguoc chiéu v&i momen co trén truc cua tuabin nhu thé hién
trong Hinh 2.1, mot sy thay doi trong nhu cau ning luong hodc san xuat giy ra mot
bién dong cua tdc do cua tua bin-may phat di¢n, déu dan dén bién dong cua tan sd cua

hé thong dién.[8]

Generator

i .) T_
5 Tm load

] I |I|7— i

Gate

Hinh 2. 1 M6 hinh HTP
Neéu ton tai sy chénh Iéch gilta cdc mo-men di€n va moé-men co déu gay ra su

thay d6i mé-men xodn Ta dugc dua ra trong phuong trinh (2.1) sau:
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Ta=Tmech - Telec 21)

Céc phuong trinh chuyén dong cho thdy mdi quan hé giita cdc mo-men xoidn
1am thay d6i téc do quay cua tuabin két qua 1a gdy nén mot gia téc goc dugc dua ra

trong phuong trinh (2.2) nhu sau

_ _ d*0m _ ;0w
Ta = Timech - Telec —] C Tder ] ot (22)
Trong do : J Momen quan tinh cta tua bin [kg.m?]

o la van toc goc

ow .k .
5. gl toc goc

Ta bién thién mOmen xoan.

Véi 8,, 12 goc hop bai giita roto dbi véi vai 1 truc tham chiéu ¢ dinh trén stato.
Khi roto chuyén dong véi tbe d6 goc w,, thi goc quay cua roto di chuyén duogc so véi
truc ¢b dinh s& la:

0, = Wt + O (2.3)

Trong d6 &, 14 goc quay ban dau khi bat dau xay ra su mét cat bang cong suit tai thoi

diém t=0, tir 36 ta xac dinh duoc véan tée g6c theo

o _ | b
W === Wem T (2.4)
Con gia téc goc ciing duoc tinh toan theo
d20,  d?5p,
dtz - dtz (2'5)
Ghép biéu thirc trén ta c6
dzs
J. dtzm =Tm—T, (2.6)
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Nhén ca 2 vé cta biéu thic voi w,, ta dugc

d%6m
dt2

] W - = mem B mee (2-7)

Thay thé tich wT bang cong suit P twong tng ta s& dugc

d%6m
dt?

Joo,, . -p,—P, (2.8)

Tir 6 dé dang nhén thiy bat cir sy mit can bang ndo gitta Puech VA Peec déu giy thay
d6i tan sb trong hé thong dién. Trong biéu thirc ndy Jw,, duoc goi la hang sb quan tinh
ciia may phat, n6 lién quan dén dong ning khi chuyén dong cta cac roto may phat. Goi

W, theo biéu thirc

Wi == Jwp? == Moy, (2.9)
Hay la
_ W
M= (2.10)

Mic dit M 13 hing sd quéan tinh, nhung khi roto quay véi toc do khac toc do
d6ng bo nd khong con 1a hang sb. Tuy nhién, khi w,, khong thay d6i qua nhiéu trudc
khi hé théng bi mét tinh 6n dinh, vi thé M 1a gia tri dugc tinh ¢ tbc d6 dong bd duoc
xem xét nhu 1 hing sb. Vay phuong trinh dao dong tan sb ctia hé thong tré thanh:

d%6m
dt?

M.Z2m=p _p, 2.11)

Pé thuan tién hon, ta viét lai phuong trinh trong méi quan hé véi goc dién 6.
Néu p la sb cuc ciia may phat dong bo, Goc dién § quan hé véi goc quay co khi theo

biéu thirc &, theo biéu thirc sau.
6d==.0n (2.12)

Va w== .0y (2.13)
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Khi d6 phuong trinh thé hién dao dong tan sd
S.M.—=Pm—Pe (2.14)

Khi c6 nhiéu may phat dién trong mot hé thong, tat ca ching s& quay ciing ciing
tan sb goc, va dién ap cua n6 phai cd goc pha xap xi nhu nhau tai bat ct liic ndo. Co thé
chi ra rang néu mét trong cic may phat ting toc, va goc pha ctia nd vuot trude cla cac
may khac, Theo quan tinh 16 to ctia nd s& phai chiu 1 momen xodn ting 1én, 1am cho
tdc do cta nd khong thé ting thém duoc nita. Hay noi cach khac, cdc may phat dién co
xu huéng duoc "khoa" véi nhau, va tan sd (téc dd quay cia cac tuabin) mang tinh toan

hé thong[3].

Khi xem xét trong hé don vi twong d6i ctia hé théng. Chia ca hai vé cua (2.14)

cho Cong suat co ban Sy va thay thé M tir (2.10) ta dugc

2 2Wy d?5 Py P
p 'wsmSB " dt? SB  SB

(2.15)

Biéu thuc (2.17) trong hé don vi twong dbi goi hiang sé quan tinh 14 H va dugc tinh

theo

Dong nang [M]] _ Wi
Cong suit co ban [MW] Sp

(2.16)

Gi4 tri cia H trong khoang tur 1 dén 20 s, nod phu thudc vao kich thudc va loai tuabin.

Thay thé (2.15), ta thu dwoc

2H d?§

2
P wem  dt?

=P

m(pu) — Pe(pu) (2-17)

Trong d6 Ppypu) V& Pepuy cONg suit co va cong suét dién trong hé don vi trong ddi.

Tdc dd quay cua cong suat dién 1ién hé vdi toc do quay co hoc cua tuabin theo

Wem= (2/P)w;. Quy d6i hét vé téc dd quay dién ta co:
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2H d?6
ws "tz Pm@u) = Pepu (2.18)
Phuong trinh (2.18) thudng dugc biéu dién dudi dang f, va don gian hoa cac ky hiéu,

ta mic dinh cac ky hiéu trong hé don vi trong d6i(bé qua ky hiéu p.u) ta cé:

2
2 2% -p,-P, (2.19)

Tl.'fo ) dtz

Trong d6, § goc quay dién co thir nguyén radian. Biéu thirc (2.19) dai dién su dao dong
gdc quay & cua roto khi co chénh 1éch cong suat dién ra. Hau hét cac mo hinh may phat
déu duoc thé hién nhu cong thuc trén Mot su kién bat ky xay ra trén hé théng, may
phat déu tién hanh hd tro diéu chinh toc d6 toan hé thdng do tan s 13 dong bo tai cac

diém trén hé théng.

Phuong trinh chuyén dong ctia may phat thé hién mdi quan hé giira dap tng tan
s6 voi chénh 1éch cong suat co va cong suat dién. Dang don gian nht ctia phuong trinh
nay cho boi:

2H dAf

= Pn-P.=AP (2.20)

Trong biéu thic (2.20), P,, ning luong co hoc dau vao cho céc tuabin va P,
phan anh cong suat dién tiéu thu cua cac phu tai, trong d6 H 13 hing s6 quan tinh cua
may phat, f, 1a tan s6 danh dinh cta hé théng, va Af chinh 1a d6 l¢éch cua tan sb thuc té
so v&i gia tri danh dinh, ching déu ¢6 don vi chung 1a Hz. Tuy nhién trong thuc té c6
rat nhiu yéu t6 s& gay anh hudng t6i dap tng tan sé cua hé théng dién. Phan tiép theo

s€ trinh bay mdt s6 yéu to nhu vay.

2.1.2. Mot s6 yéu t6 chinh 1am anh hwéng dén dap vng tin s6 ciia h¢ thong

a) Dic tinh phu tai theo tin s6 (Load damping factor):

Trong hé thong dién ton tai rat nhidu loai phy tai dién. Tai dién tré hau nhu s&
khong thay ddi cong suat tiéu thu khi tan sb thay doi. Nhung thuc thé nhitng loai tai

nhu thé nay chiém khong nhi€u, ma hau hét 1a céc tai dong co. Cac dong co, khi tan so
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dau vao ciia ngudn dién cung cap s& lam dong co bi thay ddi cong suat. Thong thuong,

khi tan s6 dién cung cap bi suy gidm thi cong suat ciia no6 cling s€ giam di, su phu thudc

cong suit nay c6 thé hiéu 1 cach don gian theo biéu thirc:
AP, =D. Af (2.21)
AP,,; thé hién su thay d6i cong suat tiéu thu cua phu tai khi tin sb cua hé théng
1éch khéi gia tri danh dinh mot lwong Af. Chinh diéu nay c6 thé 1lam giam bét muc do
nghiém trong ctia hé thdng khi c6 sy dao dong, thay doi cong suit. Hang sé D chi ra

phan trim cong suét cua tai sé thay doi khi tan s thay d6i 1%. Vi du, D =2% c6 nghia

12 g véi 1% tan s6 thay d6i(0.5Hz) thi phu tai s& giam 2% so véi tong luong tai.

&0

8

]

54

Tan s6 (Hz)

‘iE 1 1 1 1 [ 1 1 |
1] 08 1 15 2 2.5 =) 3.5 4 4.5 &

Thoi gian (s)

Hinh 2. 2 Anh huéng cta déc tinh phu tai theo tan sé
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Pic tinh phu tai theo tan s6 nén dugc cho vao phuong trinh dao dong tan s sé
phan anh chinh x4c hon nhitng dap tng tan sb cua hé thdng trong mdi kich ban. Vi vay
dap g tan sb cua hé théng s& chinh xac hon theo biéu thirc:

2H dAf

= Pn-P.-D.Af (2.22)

b) Su diéu chinh toc dd cua cac bg dicu toc:

Trong hé théng dién, mdi may phat s& duoc trang bi thém bo diéu téc nham diéu
chinh tan sb bang cach diéu chinh cong suit phat ctia chinh né. Diéu nay c6 nghia 1a
v6i mdi d6 1éch tan s6 khoi gia tri danh dinh, b diéu tc sé thay doi cong suat phat
theo gia tri cua - ARTf, trong do R 1a hé s6 diéu chinh tdc d6 dai dién cho do dbc cua
duong dic tinh diéu chinh coéng suat phat ciia cac may phat, nd c6 don vi 1a HZMW.
Thong thudng gid tri cia nd thudng nam gitra 3 va 6 khi mét luong cong suit bang

cong suat dinh muec.

Bén canh d6, thoi gian tac dong cua bd diéu toc khong thé tuc thoi, nodi cach
khac n6 ludn can 1 khoang thoi gian tir 5 dén 10 gidy dé mo van nuée, ting cong suit
co dau vao. Hoat dong cua 1 bd diéu téc don gian co thé dugc mo ta toan hoc nhu hinh
v€. Trong do6 Ar 1a su diéu chinh tan s6 so cép cta bo diéu tde do co6 d6 1éch tan sd Af.
R 1a d6 doc cua duong didu chinh va T hing sé thoi gian dé cac bo diéu tdc c6 thé

hoat dong ké tir khi nhan duoc tin hiéu.

-Af 1 Ar

Ril=xT)

Hinh 2. 3 M6 hinh co ban caa diéu téc
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Biéu dién ham nay trong mién thdi gian thoi gian :
T —=-—-Ar (2.23)
Néu dua thém hiéu tmg diéu chinh cua bo didu tdc vao thi dép vng tan s cua hé thong
khi do6 sé€ la:

2H dAf

= Pn-P +AT-D.Af (2.24)

Hinh 2.4 sau thé hién sy kién mit 15% cong sudt phat v&i cac truong hop khong co
hoat dong cua bo diéu tdc, bd didu tde tac dong tirc thoi, va tac dong voi thoi gian tré

T=5s.

E:I I I ]
58,5 /A\'ﬁ.._,...-?"ﬂ_
e : ' :
= “._ Governor action without
8.5} ; time delay '
~ ! : :
z M| | :
“«O ETEL 5 ..G.uvgr“nrdrnnp'.i%:..... g e S R R
; T= &5
<3 5"- ; -
= ;
~No goveérnor action
& ) !
56t : |
KRS
&5 I 1 i i i
0 5 10 15 20 25 A

Thot gian (s)

Hinh 2. 4 Anh hwéng cda hoat dong cia bé diéu téc va thoi gian tré
Co6 thé thay rd rang, gia tri tin sb c6 thé tro lai, hodc gan véi gia tri danh dinh khi
xem xét dén tac dong diéu chinh cta bo didu téc, néu khong c6 su diéu chinh nay tan

s6 c6 thé di dén trang thai mét 6n dinh, khong thé phuc hdi. Tuong ty néu thoi gian tré
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(delay) cua bo diéu tdc duoc bo qua, tan sd s& nhanh chong 6n dinh ma khong c6 dao

dong. Trong hé théng dao dong tan sb nhiéu lic s& kich hoat mot s ngudng sa thai,

n6 s& din dén cac thong sb cai dit cho role khong that sy phu hop.
2.2. Mb phéng dap trng tin s6 ciia hé thong bing phin mém PSS/E

Chuong trinh PSS/E (Power System Simulator for Engineering) 1a chuong trinh
phan tich, tinh toan hé théng dién cua tip doan PTI (POWER TECHNOLOGIES
INTERNATIONAL) ciia My. Ké tir khi ra doi phién ban dau tién nam 1976, chuong
trinh da tro thanh phan mém thuong mai dugc st dung nhiéu nhat trong cac phan mém
tinh toan ludi dién. Chuong trinh PSS/E 1a mot bd chuong trinh tich hgp mé phong hé
théng dién trén may tinh. Cho phép nghién ciru vé mang ludi truyén dan va cac dic
tinh ctia mdy phat trong ca ché do tinh va ché d6 dong. Nguoi dung c6 thé khai thac

chuong trinh trén cac phuong dién chinh sau:

e Tinh toan trao luu cong suét;

e Tbi uu hoa trao luu cong suat;

e Nghién ctru cac loai su c6 ddi xting va khong d6i xtng;

e Mo hinh dong mo phong qué trinh qua do dién co, tinh toan on dinh dong cua hé

théng.

Trong pham vi d6 an t6t nghiép nay sir dung chtc nang Dynamic mo phong dong

hé thong dién.
2.2.1. M& hinh cac phan tir can thiét trong mé hinh PSS/E

Véi su kién bat ky gdy mat cin bang can cin cong suit s& giy nén sy dao dong,
thay doi tan so ciia hé thong dién. Dap tng tan s6 la nghiém cia hé cac phuong trinh
phi tuyén, vi phan rat phirc tap. PSS/E giai quyét van dé bang cach xdp xi gin dung va
va ldp nhiéu giai doan dé giai cac hé phuong trinh vi phan phtc tap. Dé thé hién cu thé
hoa dap ung tan sb cua hé thong trong mot trudng hop mat cong suit dién hinh ta s&

lam vi du. Mot hé théng dang ¢ trang thai lam viéc binh thuong. Khi c6 1 sy kién dot
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ngot xay ra, hé théng s€ dap ung lai, dac tinh ctia cac dap ung phu thude chat ché vao
ciu tric, ciing nhu trang thai cac phan tir cia hé thong.

Trude khi tién hanh m6 phong ta cdn mo hinh héa cac phan tir, thiét bi cua cac
thiét bi diéu chinh phuc vu cho qua trinh mé phong. Do dic trung cua bai toan chi dé
cap dén van dé tn sb, nén cac phan tir chi phuc vu cho qua trinh mé phong bao gom:
Céc mo hinh may phat, bo diéu tdc va mo hinh sa thai phu tai theo tan sb.

Trong hé thong dién duoc xét, ¢6 rat nhidu loai may phat. Tat ca cac may phat nay
déu 1a may phat dién dong bd v6i cong sudt phat khac nhau. Mdi may duoc mé phong
bang mé hinh may phat va tua bin, mot mé hinh bo diéu khién dién ap va kich tir, cing
véi mot mé hinh bo diéu tée. Mot s6 may c¢6 thém mo hinh bo 6n dinh (stabilizer).

a) MO hinh tua bin va may phat.

Trong mo6 phong nay, c6 hai mé hinh may phat dugc st dung, d6 1a mé hinh
may phat cuc 16i GENSAL dung cho may phat thiy dién va mo hinh may phét cyc an
GENROU dung cho may phat nhiét dién.

Viéc khai bao cac thong s6 cho md hinh GENSAL duoc thuc hién theo ciu tric sau

trong file dynamic (.dyr)
IBUS,’GENSAL’,I,T'do, T"do, T"qo, H, D, Xd, Xq, X’'d,X"d,x1, S(1.0), S(1.2)/
Viéc khai bao cac thong s6 cho mé hinh GENROU dugc thuc hién theo cau tric sau.

IBUS, ' GENROU’, I, T’do, T"do,T"qo,T"qo, H,D,Xd, Xq,X’'d, X" q,X"d,X1,S(1.0),S(1.2)/

IBUS la ma nut ddt mo hinh D Hé sé ham tc. (speed damping)
>’GENROU’ 1a tén m6 hinh. X4 Dién khang doc truc

’GENSAL’ 1a tén mo hinh. Xq Dién khang ngang truc

[ 1a sb hiéu may phat. X’q Dién khang qua d6 doc truc
T’do, T”do, T”qo Hing sb thoi gian theo X”q Dién khang siéu qua d6 doc truc
cac truc X bién khang ro

H Hé sb quan tinh S(1.0), S(1.2) Hé s6 bao hoa tir.
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Mo hinh may phat cuc 16i GENROU c¢6 so d6 logic nhu hinh 2.5.

L4-1
1 Ya-L
4 I L. —L"
a-L'g
E ¥ e "
rd"Q—’ Tio s L4-L,
|
Ly -L
+
+
L
7
AL i
r d'fd
: — v
b
CT
oL~ L -
MLy -L))
+
ull IETSE .
q E
L —-L°
9 g vo-L,
(L' -L) :
3 |
+
] +-A\ ] qu_Luq
e x e 3
Tqﬂh '\}/ qus L _]_I
™ -1
. g 1
T L

Hinh 2. 5 So d6 khéi cia mé hinh GENROU

d-axis

q-axis

g
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M hinh GENSAL c6 so dd khdi nhu hinh 2.6.

J Fah
Ly-L,
+ 1 /i\ 1 L'y~ +
’ s L LI-”
Erd—v®—o-rdoﬁ E, -\;/ N TS » O, d
¥ 2 I

| :' L] L",-L
1 d-axis

» -V
T

q-axis

L —-L" i
q q [*

Hinh 2. 6 So' d6 khéi cia mé hinh GENSAL

b) Mo hinh bé diéu téc.

Co6 rat nhiéu mé hinh bd diéu téc duge sir dung, d6 1a mo hinh bo diéu téc danh
cho may phat thuy dién HYGOV, b diéu tdc danh cho may phat nhiét dién chay than
TGOV1 va b diéu toc danh cho nhiét dién chay gas GAST.

Mo hinh HYGOV c¢6 so d6 khéi sau day
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VAR(L) + 1 ¢ 1+Tgs c 1 g
Oref 1+ Tys rTps 1+ Tgs
Veloceity and
Speed + Position Limits
SPEED z SPEED
I
R Dturb
M X

Hinh 2. 7 So d6 kh6i HYGOV

Mo hinh TGOV ¢6 so dd khéi nhu dudi day:

VMAX

Ve

teference T ! : 1+T2s T
: —»{ ¥ — ™ > —p PMECH
VAR(L) R 1+Tys 1+Tas
VMIN
ﬂﬂ] - > ]::I-[

SPEED

Hinh 2. 8 M6 hinh So db khéi TGOV1

¢) MO0 hinh ro le sa thai phu tai

Mo hinh ro le sa thai phu tai dugc dung trong mo6 phong la: LDSHxx. Trong dé hau

t6 XX thé hién nhom cac nit duge dit ro le sa thai phu tai.
I, ’LDSHxx’, LID f1, tl1, fracl, 12, t2, frac2, f3, t3, frac3, Tb /

[ xac dinh vi tri ddt mo hinh. I duoc x4c dinh theo hau té xx cia mo hinh.
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Trong do

Hiu tb ciia md hinh M0 ta cua I

BL S6 hiéu nat

oW S6 hiéu chu s hiru
ZN S hiéu ving

AR S6 hiéu khu vuc
AL 0 (tat ca cac nat)

‘LDSHxx’ 1a tén mo hinh.

LID la sb hiéu load. Néu dé LID 1a “*’ thi bao vé sé& tac dong dén tat ca cac phu tai trong hé théng duoc

x4c dinh boi hau té.

f1 Ngudng sa thai phu tai du tién (Hz)

t1 Thoi gian tré cua ngudng thi nhat (gidy)
fracl Ti 1¢ tai bi cit & ngudng thir nhat

f2 Ngudng sa thai phu tai thtr hai (Hz)

f3 Nguodng sa thai phu tai thir ba (Hz)

t3 Thoi gian tré ctia ngudng thi ba (gidy)
frac3 Ti 1¢ tai bi cat & ngudng thir ba

Tb Thoi gian cit cia may cit (gidy)

t2 Thoi gian tré ctia ngudng thir hai (gidy)

frac2 Ti 16 tai bi cat & ngudng thir hai

.
L

Frequency

Underfrequency Detector
// Resets Inﬁtamancou'\ly

Rated Frequency

\ }//‘/ Load Shedding Threshold

|Breakcr Opens Shedding Load
Breaker Trip Signal Picks Up

Load Shed
Relay Timer
Starts

|q—.|-| Pickup Time for Underfrequency Indication

v

Time

Hinh 2. 9 M6 hinh LDSH tac dong va khéi déng lai.
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Mbét vi du vé mé hinh LDSH duogc cai dat
61 'LDSHAR' * 48.50 5.00 0.30 48.00 0.15 0.30 47.50 0.15 0.20 0.06/
2.2.2. Tién hanh mé phéng bang PSS/E

Trinh ty clia quéa trinh md phong bang phan mém PSS/E duoc thuc hién nhu so

do khoi sau.

Chuan bi m6 hinh
mo phong véi Iénh
ORDN
FACT
TYSL

hap dir liéu cho Convert lai mo6 hinh
hé thong dién va tai va may phat.
tinh toan Load Phuy tai dung loai tai
flow P,Q

Tao file diu ra
(abc.out)
Va chon kénh dau
ra dé quan sat

Mo file dir liéu
mo phong dong
(abc.dyr)

Tao sy kién dé tién
hanh mo phong | p—
(abc.evs)

M file ddu ra va Két qua md
quan sat két qua phdng

Chay mo phdng

Hinh 2. 10 So d6 mé phéng PSS/E
Giao dién chung ctia phan mém PSS/E version 33, cach thirc trinh bay cac két
qua mod phong dugc thé hién trén hinh v& 2.11& 2.12. Két qua dir liéu mo phong trén

PSS/E c6 thé xuét ra dinh dang excel (.xIsx) dé phuc vu cho cac yéu cau khac.
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|‘§_~| PSS®E Unaversity 33 - C\Program Files\PTIPSSEUniversity 3MEXAMPLE\savnw.zav.

B =2

=

File Edit View Diagram Power Flow Fault OFF  Trans Access Dymamics  Disturbance  Subsystem  Misc 'O Control  Tools  Window  Help
=" B, ala L= R Wi o Wi - = M, O L= s — — - b b b s G
L MRCNCE R S EHEL ETFE BR. o o » ¢ 7o HEOER%EE-.
Plot Tree View * 0 X | Networkdata x |
| [ Pt D Bus Area|  Area | Zone| Zone  |Owne| Owmer Voltage Wormal | Normal -
il E D;:.nd Fia Number Humn | Name | Hum Harne ‘ v |C°"°| Angle (2] e (pu) | Vmin (pu) | Vemax (pu) | Vmin (pu) T
[l Comtrade Fies 01 1 FLAPCD T 1 GENT H 1 1855 11000 03000 11000 1:5000 |
[l Functions 02 1FAPCO 21 1655 |
151 1 FLAPCO 1 1089
152 1 FARCO i X
153 1 . FLAPCO 1 EXT)
it e i et B .
7 LGHTCO i 1 616
7iUGHTCO 1 Bz
2 {GiTO T k| 3n
I LGHTEO | 1 a8 ]
o 1 207 '
7 G 2 128 i
£ 'WoRLD n 1 CiEs
swows : 2% '
£ WORLD i i 343 i
3005 | WEST 230.0 5 [ 8 1 05848 EXTH 11000 09000
AL AT ¥]w] Bus [ Flant ), Machine ] Load J, Fixed Stunt Jy Switched Shurt Eranch \ Bresker ), 2Windng J| 3Winding ), Impedance table ), FACTS Ji
Output Bar
+ [OPF] ADD SOLUTION DETATLS TO OPF LOG FILZ cptlen setclng sex te TZS

net.. | opF.. [ovm...[Mo.. | Plot

[RII 131\ progress { Hertsfwamngs 7

Command Line Input

FS59E Raspence = |

Select an object on which to get Help Met convergence tolerances

Bind items Hext bus -1

Hinh 2. 11 Giao dién chung cta PSS/E-v33

Sau khi chay theo so d6 khdi trén ta c6 két qua nhur hinh vé :

PSSEE University 33 - C:\Program Files\PTI\PSSEUniversity33\EXAMPLE\savnw.sav - C:\Users\Tung Lam\Desktop\PSSEV101\savnw.dyr

File Edit View

DEE @ X 9

Power Flow Fault OPF  Trans Access  Dynamics

elimas

Disturbance  Subsystem Misc 1O Contral Window Help

fon e R e [ A W i

Tools

EGEX.

Qo EML. ESDE ke 4 b

Py EOEDER%E

(5

I Fl

i feee O

BB & @

Flot Tree View Network data | PlotBookl x | Dynamics data |

B -[i5 Plot Data
[ Channel Files

Page 1 | Page 2

Channel Plot

===y

=03

1 002

Function

to Excel
=0T

- shac 16+ FREQ
#a= 17-FREQ
4= 13-FREQ

~ac 19 - FREQ
4 20-FREQ ||
4= 21-FREQ

- duc 22-FREQ

<= 23 -FREQ

= 24 powR | OutputBar

v ax

13
25

-7.82024E-02 -7_82034E-02 -7.82034E-02 -7.82050E-02 -7.820502-02
10.141 9.6379 5.8905 z.8026 1.085%

i 25- POWR 0.0000

s PR POWR T
v

T

ZIET |

Progress /i AlertsWamings |

Command Line Input

n

PSS@E Response vI

Select an object on which to get Help Met convergence tolerances

Bind items Next bus -1

Hinh 2. 12 Quan sét két qué trén PSS/E
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CHUONG 3

XAP XI HOA PAP UNG BANG HE SAI PHAN BAC NHAT

3.1. Vin dé nhan dang mé hinh bai toan

M&i hé théng ton tai xung quanh ching ta ludn luén ton tai trong minh nhiing
dac trung vé vat 1y. Pé khai thac va sir dung cac hé théng phuc vu nhitng muc dich
nhat dinh nao d6 con ngudi thuong mudn biét cac dic tinh va tinh chat ciia hé thong

ma minh st dung hoac minh thiét ké.

Trong bai toan nhan dang hé thong, ta khong biét day du cac thong tin vé hé
théng, mudn tim duoc phuong trinh moé ta dong hoc hé thong thi phai dua trén thi
nghiém dé do cac dap Gmg cta cac qua trinh xay ra trong hé thong. Tir cac dir liéu thu

dugc st dung cac thuat toan udc luong thich hop dé tinh toan ra tham s6 hé théng.

Véi truong hop nghién ctu dap tng tan sd ciia hé théng dién, phuong trinh
dong hoc quan trong nhit 1a phuong trinh chuyén dong quay (2.20). C6 thé thiy rang
day 1a phuong trinh vi phin bac nhat, néu iy téc d6 quay ctia may phat (o) 13 bién. Tat
nhién qua trinh dong hoc cua h¢ théng dién c6 bac cao hon nhiéu, phu thudc vao qua
trinh dong hoc cia cong suit dién P. va cong suit co P,. Tuy nhién, néu xét trong
khoang thoi gian du dai, s6 bac cua hé sé giam di dang ké do cac qua trinh dién tir tat
kha nhanh. Vi viy, trong ludn van nay, cling nhu tai li¢u tham khao [1] st dung md

hinh bac nhat dé x4p xi dap tng tin s6 cta hé thong dién.
3.2. Xdp xi hoa cac dap wng tin so béi 1 hé sai phan béac nhat

Chuong 2 da trinh bay, dép ung tin s6 d6i voi luong chénh 1éch cong suat duge
thé hién béi hé phuong trinh vi phan (2.24) va ( 2.23):

2H dAf(t)
fo & dt

= P, — P, + Ar(t) — D.Af(¢) (2.24)

Duong Tung Lam SHSV : 20091544
Lép k¥ thuat dién 3- K54- BH Bach khoa Trang 36



pO AN TOT NGHIEP

dAr(t) 1
dt T

(—Ar(t) - %“)) (2.23)

Véi 1 hé thong dién c6 s6 lugng may vira phai cadc hang s6 tuong ing sé duoc

duoc xac dinh theo :

(3.1)

Véi Hi 1 hang s6 quan tinh ctia may phat thtr i c6 cong sudt S; va cong suét cia
toan hé théng 1a S. Bén canh d6 d6 dbc diéu chinh chung cua bo diéu tdc cling duoc

tinh toan theo d doc ctia may phat thir i
1_y S
R = Zisk (3.2)

Tuy nhién, trong 1 hé théng dién sé luong may phat rat nhiéu, chung loai cac
may phét khac nhau, cac bd dicu toc ciing hoat dong khac nhau, cic dap tng dé dicu
chinh téc do ciia hé théng 1a khac nhau, vi vay viéc xac dinh cac hang sd d6 bang ly
thuyét ciing nhu thyc nghiém 1a khé khan, va ton nhiéu thoi gian, cong sirc. Nhung néu
khong xac dinh dugc nhitng gia tri ctia cac héng nhu R, va H nén viéc xac dinh mo6
hinh bai toan tré nén kho khin va khong chinh xac. Vi vady mot hé théng dién, néu ta
coi nhu 1a 1 hdp den chua xac dinh duoc cAu trac, ma chi biét v4i dau vao 1a u thi sé
cho dap tmg 13 y. Dé don gian hoa ta hinh dung mé hinh ctia hé théng nhu 1 mé hinh

nhu sau:

u(t) y(t)

)y Xu [

Hinh 3. 1 M6 hinh nhén dang hé théng dién

Trong d6 u(t) 1a bién dau vao, con y(t) 1a dap Gng dau ra tng véi dau vao, con

x(t) la bién trang thai dac trung cho cac dac tinh, mo hinh toan hoc ctia hé théng.
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Trong pham vi dé tai nay, véi mdi dau vao u(t) dic trung cho su mat cong suat

phat ban dau AP va y(t) chinh 1a d6 1éch tan s6 so véi fo tmg voi dau vao u().
Mo hinh duge sir dung trong bai toan nay 13 mé hinh bac nhit c6 dang

{x(t) = Ax(t) + Bu(t) + Ke(t)

y(t) = Cx(t) + Du(t) + e(t) 3.3)

Ta c6 thé truc tiép x4p xi toan hoc cua hé phuong trinh nay thanh dang hé

phuong trinh sai phan bac n:

{xk+1 == Axk + Buk + Kek (3 4)

Vi = Cx, +Duy + e
Véi cach tiép can bai toan nhu da trinh bay ¢ trén, ta st dung bac cho mé hinh
bai toan nay 1a 1. Piéu ndy c6 nghia 1a cic ma tran, vecto hé sd xac dinh ma tran trén 13
, V. _Trang thai dau ra cta tin hiéu nhan dang
nhirng so thuc. V&i{ x, _Bién trung gian ciia qua trinh nhan dang
u;, _Thong so dau vao ctua qua trinh nhan dang
Qua trinh mo phéng, thi nghiém thuc té bai toan mat cong suat may phat trén hé
thng dién dang 1am viéc di duoc tién hanh trén phadn mém PSS/E. Vi mot mo phong
kich ban mat cong sut phat bat ky, ta luon thu duoc dép g tan s6 cta hé thong theo
thoi gian voi dau vao 1a luong cong suit phat bi mat. Qua trinh mat can bang cong suit

giira cic may phat v6i phu tai s& gy ra su thay d6i tAn sd cta hé thong.

Trang thai dau ra y,cia tin hiéu ma hé thong can dugc mo ta la dap tmg tan s6
theo thoi gian Af;,

Thong s6 dau vao uy, chinh 1a sy chénh 1éch giita cong suét phat cua hé thong.
Trong thoi diém bat dau mo phong thi u, = Ag chinh 1a lwong cong suat mat di do

may phat bi tach ra khéi h¢ thong. Khi d6 ¢ thé lwong hoa u;, bang

U, =Ag — D.Af, — Ys Ugy. Ad (3.5)
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Ag — Luong cong suat phat bi mét khi mé phong
V61 < D.Af, — Pap tng ctia phu tai theo tin sd
Yo Usp. Adg - Tong luong tai sa thai di ¢ budc thir k

3.3. Cic buéec tién hanh nhin dang 1 mé hinh thue té

Dé hd tro qua trinh nhan dang cua hé théng trén mo hinh khong gian trang thai.

MATLAB 43 hd tro tdi da cho ngudi ding qua cong cu System Identification Toolbox.

Véi két qua di c6 tir PSS/E véi dau vao 1a : Cong suit ctia mot, hay 1 s6 may
phat bi mat, va dau ra 1a dap Gmg tan sb ciia hé thong. Ta tién hanh qua trinh nhan dang

nhu sau

Bwéce 1 : Chuén bi dir liéu dé nhan dang

Dt 1iéu c6 thé dugc nhap tryuc tiép tur ctra s6 1énh nhu nhap cho céc ma tran cua

MATLAB va luu trong file .mat

Tuy nhién, véi dir liéu rat 1on , 1én t6i hang ngan bo s6, mit khac do PSS/E da
hd trg xuat file dit lidu dau ra (out) c6 thé chuyén thanh dang excel (.xlsx) nén ta co thé

doc dir li€u truc tiép tur file excel bﬁng 1énh xIsread

>>y = xlsread('cut750.xlsx"','Sheetl'); % Doc du lieu cong suat bi cat
>>u = xlsread('cut750.xlsx"', "'Sheet2'); % Doc du lieu tan so

Budc 2 : Pua dit li€u vao nhan dang

Tur ctr s6 MATLAB gb 1énh
>>ident; % Opening System Identification Tool

Khi d6 ctra s6 giao dién s€ nhu sau:
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File Options Window Help
Import data b Import models -]
Import data Operations l,
Time domain data... _—
Freq. domain data... <— Preprocess |
Data object... 1.
Example...
| .
Working Data
E=timate —= .V_
Data Views Model Views
To
Workspace
== Validation Data
Status line is here.

Hinh 3. 2 Giao hién hdp céng cu System Identification

Budc 2: Tién hanh nhin dang

Input : Ta dién tén cua dir licu dau vao ,
bai toan nay ta c6 thé dién lau

Output: Ta dién tén ctia dit liéu dau ra , bai
toan nay ta co thé dién lay

Data name — tén file.mat chura dir liéu
vao ra cua bai toan. Mac dinh Ia mydata.
Starting time — Thoi gian bat dau khao
sat. Ta g6 0 vao 0 nay.

Sampling interval — 0.025s Khoang thoi
gian liy miu. gia tri ndy phai twong tng
v6i thoi gian gilta 2 budc lién tiép trong

qué trinh md phong PSS/E.

Data Format for Signals

Time-Domain Signals

Workspace Variable
Input:
Output:

Data Information

Data name: mydata

Starting time: 1

Sampling interval:

Hinh 3. 3 Nhép d@ liéu nhédn dang
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Click chudt vao More thiét 1ap chi tiét cac dir liéu cho System Identification

Tool. Tiép theo d6 nhan vao Import ¢ dua cac dit liéu vao mé hinh Identification.

Budc 3: V€ va xu 1y cac dir liéu dau vao dau ra

Trong budc nay, ta s€ danh gia, kiém tra lai cac dir liéu va xtr 1y né phuc vu cho
qua trinh nhan dang hé thong. B¢ kiém tra lai va xir 1y cac dit liéu , ta co6 thé ve lai cac

dit liéu dau vao cho qua trinh nhan dang

Trong cira sO System Identification Tool ta chon chon Time plot & muc Data
views dé v& lai cac tin hiéu dau vao (inpuf) va dau ra (outpuf) . Néu chua lya chon dir
lidu thi cac cira so xuét hién sé& trong, hiy nhan vao biéu tuong data trong hop cong cu

System Identification Tool.

Khi d6 xuat hién 2 bi€u do, hinh trén thé hi¢n tin hiéu dau ra, dap img cuia tan so
theo thoi gian, con hinh bén dudi 1a dir li¢u dau vao. Ca 2 tin hi¢u déu twong img véi

cung 1 tryc thoi gian trén truc hoanh.

File Options Style Channel Help Experiment

Input and cutput signals
01

0.05 F -

-0.05 k -

0.1 L I

8.5 T T

7.5 -

uz

55 1 1
0 50 100 150

Time

Hinh 3. 4 Quan sét tin hiéu cén nhan dang
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Buoc 4: U6 lwong trén moé hinh khong gian trang thai:

C6 nhiéu m6 hinh dé nhan dang hé thong. Nhung tir viéc quan sat tin hiéu dau
ra, ta ¢ thé nhan dang cac tin hiéu trén mé hinh khéng gian trang thai- State-Space

Models.

Trong md hinh State-Space Models. Céu tric chung ctia mé hinh nay c6 dang

nhu minh mong mudn.

2 = Ax(t) + Bu(t) + Ke(t)

(3.6)
y(t) = Cx(t) + Du(t) + e(t)

y(t) dic trung cho tin hiéu dau ra ¢ thoi giant u(t) La dai dién cho dau

vao t, x(¢) vecto tang thai ctia hé thong, va e(?) 1a nhitng nhiéu loan khong mong mudn.

Chuong trinh nhan dang sé udc luong va cho ra ma tran trén khong gian trang
thai cua hé 4, B, C, D, va K tir cac dit liéu da c6. Thong thuong D duoc ¢ dinh béng 0,
nghia 1a chung ta khong xac dinh duoc cac phan hoi tir hé théng.

Céc budc dé tién hanh wdc lugng trén mo hinh khong gian trang thai.

Trong ctra s0 Estimate > State Space Models ta mé hop thoai State Space Models

Ffimale — - Trong muc Specify value vira xuat
Estimate — hién & cura sO mdi, ta xac dinh s bac cho
Tranzfer Function Models...
State Space Models... nhan dang. GO 1 dé thiét lap bac cho mo
Process Models... ,
Polynominal Models... hinh nhin dang. O day ta dung bac 1, tic
Monlinear Models. .. \ , A | , A
Spectral Modes... la cac ma tran A, B, C, D, K Ia cac so
Correlation Models. .. '[hu’C.

| CQuick Start

Hinh 3. 5 M& hop thoai State Space Models
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Structure: State Space: n

Orders: 1

Equation: xnew =Ax+Bu+Ke;y=Cx+Du+e
Method: ) PEM (*) N4SID

Domain: () Continuous (%) Dizcrete (0.025 seconds)
Feedthrough: falze(1,2)

Form: Free

Input delay: zero=s(2, 1)

Mame: n434|

Focus: Initial state: Auto

Simulation | %

Distmodel | g -p || Covariance: .-

‘ | Order Selection | Order Editor...

[  Estimate | [ Close

Hinh 3. 6 Thiét Iap théng sé mé hinh nhan dang

Phan Focus chon Simulation dé t6i wu hda mé hinh str dung mé phong dau ra.
Hop thoai State Space Models duogc thiét 1ap tuong tu nhu hinh vé

Nhén Estimate dé bat dau nhan dang mo hinh. Chung ta c6 thé quan sat dau ra

cua tin hiéu nhan dang vaéi tin hiéu dau vao trén cung 1 do thi.

Khi d6 két qua nhan dang s& dugc thé hién trén hinh v& 3.8, dong thoi véi 2 duong dir

liéu ban dau va két qua nhan dang
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Measured and simulated model output
004 T T T T T

-0.02 -

-0.04 1 -

-0.06 -

-0.08 B

20 40 60 80 100 120
Time

Hinh 3. 7 So sénh két qua gitra st liéu ban dau va dir liéu nhan dang
Cubi cung, dé léy thong s6 cua viéc nhan dang, ta dua con tré qua m6 hinh nhan

dang, sé& xuét hién ctra sO két qua hinh 3.9:

KModel name: ndsd
Color: [D.D.ﬂ
Discrete—-time stete—space model: (|
®x({t+Ta} = A x(t) + B ult) + E elt) |
yi(t) = C x(t) + D ul{t) + e(t)
L =
xl
x1l 0_9852Z |
B = bl
Diary and Notes
"
v
[ Present ] [ Cloze ] [ Help ]

Hinh 3. 8 Két qua bd sb nhan dang
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3.4. Xac dinh cac ma trin trang thai bing phwong phap binh phwong cue tiéu

Ngoai cach tong quét st dung bd cong cu ¢ sin cia MATLAB véi 1énh n4sid,
khi sb bac cia md hinh sai phan can xdp xi theo chi 14 1 ta hoan toan c6 thé tién hanh

theo cach khac, sir dung phuong phap binh phuong cuc tiéu.
Dau tién, xuét phat tir mé hinh can duoc xap xi (3.4)

{xk+1 - Axk + Buk + Kek (3 4)

yk - ka +Duk +ek

Vi bac cua hé thong 1a 1, nén cac ma tran A,B,K,C,D déu 1a cac s6 thuc. Bé qua nhiéu

ex va hé s6 D duoc cb dinh bﬁng 0, nén ta c6 thé thu gon mo hinh lai dudi dang

xk+1 = Axk + Buk
{ Ve = Cx S
Tir d6, rat y,, theo bién trang thai uy, ta cé:
Yik+1 = A}’k + B.C. Uy 38)

~ o K ;- A
S€ tiép tuc twong duong voi Y. = Vit Bu,,

Néu ta c6 dinh C =1 (ban chat cia no6 s€ 1a ¢6 dinh 1 hang so, cac hang s con lai sé

thay d6i theo) Vi vay ta sé& co:
YVi+1 = Ayi + By (3.9)

Véi cap dit liéu vé y, va u;, di co duoc tir chuong trinh PSS/E ta c6 thé tim dugc cap

s6 A,B bang cach.

Goi vecto chira 2 hang s6 can tim 13 X= [‘];\] phuong trinh trén s€ trd thanh:
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[ Y1 Uq ] Y2
| V2 Uz |A Y3
| ¥ us I[B = | (3.10)
L’N—1 UN_1J YN
V1 Uq [}’2]
A Y2 Uz s
Vatagoi A= )’.3 Uz |va B=|y.4|

lyN_l uN_1J
Vaytaco AX= B tirdé co thé tim duge X = B\A

3.5. Két qua nhan dang va xir Iy két qua thu dwoc

Tu muc 3.3 va 3.4 ta thu dugc mét mé hinh ro1 rac hda cac dap ung trong mién
thoi gian véi thoi gian 1y mau Ts= 0.025s bang véi PSS/E. Tuy nhién, véi Ts qua nho,
doi hoi s6 budc tinh phai rat 1on moi da thoi gian dap Gng cia tan s trd vé trang thai
on dinh (20-+30s). Khi s6 budc tinh qua 16n din dén mé hinh tinh toan t6i wu gip nhicu
kho khin vé sb luong bién, bd nhé giai quyét, thoi gian tim t6i wu... Vi vay ta can ldy
mau lai v6i T =0.1 s .
Dong lénh can dung 13 :
>>sys=ss (A,B,C,D,0.025); % Dua ma tran A,B,C,D vao khong gian trang thai

>>sysl=d2c (sys); % Tuyen tinh hoa
>>sys2=c2d(sysl,0.1); $Roi rac hoa voi thoi gian mau 0.1s

Ta nhan thdy, mé hinh dap tmg cta hé théng di duoc xip xi hoan toan méi bang
phuong trinh sai phan ¢6 dang hé¢ :

{xk+1 = Axk + Buk + Kek

yk == ka + Duk + ek (34)

V61 D=0, K=0
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0.04 T T T T T
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Hinh 3. 9 Két qua nhan dang
Boi vi tin hiéu thuc té khong don thuan 13 ham bac nhat, vi vay viéc nhan dang
nay van gip phai sai s nhat dinh. Tuy nhién, v6i muc tiéu tim mo hinh toan hoc biéu
dién dap Gng tan s6 cua hé thong theo thoi gian phuc vu cho viéc chinh dinh ro le sa
thai phu tai thi két qua trén c6 thé chip nhin dugc. Chuong tiép theo s& trinh bay
phuong phap, mé hinh bai toan téi wu, dua két qua nhan dang vao mé hinh bai toan cu

thé.
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CHUONG 4

MO HINH BAI TOAN TOI UU HOA

4.1. M6 hinh bai toan t6i vu héa néi chung
Viéc mé hinh héa toan hoc cho mot van dé thuc té c6 thé chia lam 4 budc:

Budc 1. Xay dung mo hinh dinh tinh cho van dé dit ra, tirc 13 x4c dinh cac yéu
t6 co y nghia quan trong nhit va xéac l4p cac qui luat ma chung phai tuan theo. Thong

thuong bude nay nam ngoai pham vi cua toan hoc.

Budc 2. Xay dung mo hinh toan hoc cho van dé dang xét, tic 1a dién ta lai dudi
dang ngdn ngir todn hoc cho mo6 hinh dinh tinh. Nhu vdy, md hinh todn hoc 1a truu
tugng hoa dudi dang ngdn ngit toan hoc cua hién tuong thuc té, can phai dugc xay
dung sao cho viéc phan tich n6 cho nguoi doc hiéu dugc ban chét caa hién tuong. Mo
hinh toan hoc thiét lap céc méi lién hé gilta cac bién sb va cac tham sé diéu khién hién
tuong. Trong budc ndy mot viéc rat quan trong la can phai xac dinh ham muc ti€u, trc
13 mot dic trung bang s6 ma gia tri cang 16n (cang nho) cua né véi tinh hudng cang tét

hon doi v&1 nguot can nhan quyét dinh.
Nhu vay, sau hai budc dau ta da phat bi€éu duoc bai toan can giai.

Budc 3. Sir dung cac cong cu toan hoc dé khao sat va giai quyét bai toan hinh
thanh trong budc 2. Céc thuat toan tdi wu hoa 1a mot trong nhitng cong cu dic luc va
hiéu qua céc bai toan dat ra. Can nhan manh réng, thong thudng cac bai toan thuc té ¢
kich thudc rat 16n, vi thé, dé giai chung can phaist dung dén may tinh dién tir. Didu d6
c6 nghia 1a budc 3 bao gdom ca viéc xay dung cac hé théng chuong trinh tinh toan theo

cac thuat toan dugc chon dam bao giai bai toan dat ra trong budc 2
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Budc 4. Kiém chimg lai cac két qua tinh toan thu dugc trong bude 3. Trong
budc nay can phai xac 1ap mirc d6 phu hop voi mé hinh 1i thuyét v6i van dé thue té ma

n6 md ta. Pé thuc hién budc ndy, co thé 1am thuc nghiém hoic ap dung phuong phap

phan tich chuyén gia.
O day ¢6 2 kha ning :

Kha ning 1. Cac két qua tinh phu hop véi thyc té. Khi d6 c6 thé ap dung n6 vao
viéc giai quyét van dé thuc té dit ra. Trong truong hop mé hinh can duoc st dung
nhiéu 1an, s& xuat hién van dé xay dung phdn mém dam bao giao dién thuan tién giita
nguodi st dung va may tinh, khong doi hoéi nguoi st dung phai ¢é trinh d¢ chuyén mon

cao veé toan.

Kha ning 2. Cac két qua tinh toan khong phu hop véi thuc té. Trong trudong hop
nay can phai xem xét cac nguyén nhan ciia nd. Nguyén nhan dau tién co thé do cac két
qua tinh toan trong budc 3 1a chua c6 du do chinh xac can thiét. khi d6 can phai xem lai
cac thuc té cling nhu cac chuong trinh tinh toan trong budc nay. Mot nguyén nhan khac
rat c6 thé 13 do mé hinh x4y dung chua phan anh dugce day du hién twong thuc té. Néu
vay, can phai ra soat lai budc 1, trong viéc xay dung mo hinh dinh tinh cé yéu t6 hodc
quy luat ndo bo xot khong ?. Cudi cung, can phai xem xét hodc xdy dyng lai mé hinh
toan hoc & budc 2. Nhu viy, trong truong hop két qua tinh toan khong phu hop véi
thuc té chung ta can phai quay lai kiém tra tit ca cac bude thyuc hién trude do, va rat co
thé 4 budc vira mo ta s& phai 1ap di lap lai nhiéu 1an cho dén khi thu duoc két qua tinh

toan phu hop voi thuc té dé co thé ap dung vao viée giai quyét van dé thyc té dit ra.

4.1.1. M& ta chung ciia bai toan quy hoach tuyén tinh véi cic bién nguyén
Mot bai toan toi wu véi cac bién 1a hon hop gitta s0 nguyén, so thuc, so nhi phan
1a mot van dé duoc md ta nhu sau :

(X la cAc bién

. oT Ax<bhb
Mxmf x sao cho Aeq.x = beq
Ib<x<ub
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Ham muc tiéu tuyén tinh, T x ,trong d6 f 1a mot vector cdt chira céac hﬁng $0,
vax 1a vector cot chira cac 4n. Cac bién ctia mé hinh c6 thé hén hop 1a s6 nguyén
(Binary) va s6 thyc.

Vé thuét ngit toan hoc cho cac vecto f, [b, va ub, ma tran 4 va Aeq , vecto tuong
tmg b va beq , va mot tip hop cac chi sd INTCON chi ra vi tri cic bién nguyén (nhi
phan), theo cac quan hé toan hoc nhu trén, viéc tim tdi wu 1a qua trinh tim mQt vector x
thoa min dy du cac rang budc cling nhu thoa min ham f dat dén gia tri nho nhat
hogc 16n nhat.

4.1.2. M6 hinh MILP cho bai toan t6i wu héa chinh dinh ro le tin s6

Trong mot hé théng ton tai rat nhiéu may phat dién, gia st voi 1 hé thong bao gom
ng cac may phat dién, mot hé thong nhu vy c6 2"¢ — 1 may phat co thé bat ngd mat
dién, su kién j duoc xac dinh boi sy mat mat cta Ag/ - tong luong cong suat may phat
trong su kién. Vi thé khi ng 13 s6 rat 1on thi cac kich ban x4y ra mat cong suat may phat
cling rat 16n. Viéc cai dit ro le tin s6 thong thuong duwa trén sy kién nhiéu kha ning
xay ra nhat. Tuy nhién cach tiép can nhu vdy c6 thé dan dén mot chién lugc bao thi,
thiéu linh hoat d6i khi s& sa thai phu tai nhiéu hon can thiét khi kich ban nhe hon thyc
té. Mat khac, néu ro le duoc cai dat dya trén mot du phong trung binh, cac ro le s¢€
khong thé bao vé hé théng, 1am su ¢b c6 thé nghiém trong hon khi nd cit luong tai qua

it.

Do do, trong luan van nay, can ctr dé cai dat role dya trén mot C tap hop chura cac
su kién thich hop, déu c6 kha nang duogc xay ra. Van dé cai dit ro le dudi tan s sau d6
¢6 thé duoc xay dung nhu mot chuong trinh (MILP) 1a chuong trinh t6i wu tuyén tinh
nguyén hdn hop v6i mot ham muc tiéu thich hop, dé dap tmg tan s6 hé thong theo thoi
gian trong mdi su kién mit cong sudt may phat cac ro le tin s6 s& phan tng sa thai phu

tai mot cach hop 1y.
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4.2. Ham muc tiéu va cac rang budc trong bai toan.

Véi nhitng sy kién gy mat can bang cong suit s& lam cho hé thong bi thay dbi
tan sb. Khi tan s6 khong con kha ning tu phuc hoi thi viée sa thai phu tai lam giam
cong suat tiéu thy cta tai, thiét 1ap lai qua trinh can bang cong sudt hay noi cach khac
13 1am tan s6 hé thdng tré vé trang thai on dinh. Viéc giam thiéu luong cong sut cia

tai bi sa thai trong mot sy kién bat ky dugc giai quyét nhu mot vin dé tdi vu hoa .

Phuong phap truyén théng dé sa thai phu tai 1a tinh, trong d6 ho thyc hién mdt
chtrc nang cu thé, role s& duoc cai sin tai mot diém dat tan sd cu thé, va thoi gian delay
va luong tai sa thai dugc cling 1a hoan toan ¢ dinh. Trong khi d6 hé théng dién hién
dai doi hoi phuong phap UFLS ciing can phai linh hoat va hop 1y trong moi tinh
huéng. Ngay nay, cac bd ro le hién dai dugc trang bi nhitng bo vi xr manh tich hop
v6i hé théng truyén thong SCADA dé tao ra cac chuong trinh sa thai linh hoat va hiéu

qua hon. M6 hinh céc bién bai toan thé hién & hinh 4.1.

UFLS st dung

m6 hinh MILP
Céc bién cua su kién duoge
dua vao mo6 hinh
Su kién Su kién Su kién B0 3 bién cai dat
1 i 2 role
fo At Ad,
Nhitn  Stage o Stage Trong moi sy kién
Afd 1 fagess 3 bao gom cac bién
N hidg  Nhidy N hiby P Ay Trong mdi stage bao
At Aul Avi Ax] gdm céc bién

Hinh 4. 1 Téng quét bién trong mé hinh MILP
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Moi ro le tan s6 ludn can bo 3 bién cai dat cho moi stage bao gom f, Az, va Ads. Vi vay
bai toan dat ra la tim cac gia tri cai dat nay sao cho thdéa man ham muc ti€u dat ra.

Phén ndi dung sau day s& trinh bay vén dé sir dung mot mé hinh MILP dé tim duoc cac
thong sb cai dit cho 1 ro le tan sd.

4.2.1. MO0 hinh ro le thoi gian

Xem xét mot chuong trinh UFLS, véi luong tai can phai sa thai & budc thi n
trong s.n giai doan v6i mdi 1 kich ban xay ra. O mdi gian doan s bat ky, chuong trinh
s& tim mot mot lugng tai Ad; toi vu twong tmg. UFR s& ngit két ndi khdi tai nay ra khoi
hé thdng khi qui dao cta dap ung theo thoi gian cta tan s Af! khién cho tan s6 nim
dudi gia tri cia f;, va su vuot qua gidgi han f; kéo dai trong mdt khoang thoi gian 16n
hon thoi gian cai dat Az. Vi mdi mot diém dat tan s6 f;, mot bo dém thoi gian cua hé
théng s& duoc kich hoat va bat dau dém, voi bude dém 1a 4z, Diéu nay sé& duoc hd tro
bdi mot bién nhi phan v/ ,,. Khi & budc md phong thi #, bién nhi phan nay s& nhan gia
tri 1a 0 khi £, + Af, 16n hon gia tri ctia diém dat tan sb f; va nhan gia tri 1 khi £, + A4f,<
/. Pay 1a bién nhi phéan c6 thé xac dinh chinh xac boi bat dang thirc tuyén tinh sau:

f—~(fordf?) N fs—(forafy)

. n . Vj,s,n. 4.1)

Trong cong thirc (8) trén, L 12 1 s6 dwong dti do 16m so véi tir sb, vi du: 50Hz dé

fs=(fo+AfT) _

lim 0

fo+Afi-fs
Véi viée str dung thém bién nhj phan v/, dé dién ta trang thai ma quy dao tan
s6 ¢6 vi pham diém dit f; hay khong, khi d6 thoi gian & budce thtr n ma bo dém thoi
gian cua role do duogc Atgn dugc dua ra mot cach rd rang bai mbi quan hé tuyén tinh

Sau:

Adl =Ad vl At Vj, s, n. (4.2)

sn—1
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Khi tan sé cua hé théng phuc hoi, vi du nhu sau khi vira sa thai phu tai thi bo
dém thoi gian twong Gng phai duoc thiét 14p lai vé tri sb khong. Sin sang cho quy dao

thay d6i tan s6 A fnj méi. Didu nay dat dugc bang cach thém bét ding thic sau ddy,

v6i N 16n hon hodc bang sd luong cac budce thoi gian mé phong:
Atgn <N * vsjn Vj,s,n. (4.3)
4.2.2. Logic hoat djong ciia ro le

Nhu phan trude da trinh bay, logic cua ro le s& cat két ndi voi 1 luong tai Ad; khi
bd dém thoi gian thoéa man Atgn vuot qua gia tri At. Trong truong hop nay, bo 3 bién
quan trong nhét cua bai toan f;, At,, Adg khong du dé quyét dinh c6 cat tai hay khong

J
ns»

cta ro le. Vi vay ta s& st dung thém 1 bién trung gian u), day 1a mot bién nhi phan .
Su logic cua bién nay thé hién ¢ chd né s& gui 1énh trip di t6i cac may cat khi nhan gia
tri 1, va giltt nguyén trang thai néu nd nhan gia tri 1a 0. Gié tri cla bién u{ls phu thudc
vao gia tri cia Atgnvé At, néu Atg,vuot qua gia tri At, thi u, = 1, nguoc lai Atgn <
At, thi u,s = 0 Véi cach twong tu cho bién v/, biéu thic dé x4c dinh bién nhi phan

u . dugc cho nhu sau:

Ban=Bts ) < q 4 Blanhts Vj,s,n (4.4)
L - L T )

sn —

Trong biéu thirc trén L 13 1 sé duwong du 16n, c6 thé 1a thoi gian dam bao 1 su

thay d6i tan sd thoang qua (L=30s).

Theo cach thong thudng cai dit ro le tan sb, thoi gian Az ma tan sd dugce phép &
lai duéi mot diém cai dit ro le tan sd thuong duoc cb dinh khoang 0,2 s. Tuy nhién,
trong viéc xay dung moé hinh MILP ndy, At c6 thé 1a mot bién bac nhat nham ting
mtrc d6 linh hoat cua cac ro le .Trong trudng hop nay At phai dugc giéi han ndm trong

mot pham vi nhét dinh.

Atpin < Aty < Aoy Vs. (4.5)
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Mot yéu td quan trong khac 1a khi mét s tai Adg duoc sa thai trong giai doan s,

n6 khéng thé duoc phuc hoi ngay 1ap tirc sau mot thoi gian trong ciing quy dao tan sd,

vi thé, dé chat ch& hon ton tai rang budc nhu sau:
vj,s,n. (4.6)

Thém vao d6, dé tranh giai doan s khac nhau sa thai tai cing mot lac, nhiéu nhat
12 mot lwong phu tai Ad, bi sa thai xay ra bét ctr thoi diém n trén tit ca cac stage s co

thé, vi vy dé thoa mén thuit ngir toan hoc yéu cau thém:

Youly —Xsul, <1 vj,m. (4.7)

sn—1 —

Cubi cing, néu ta wu tién sa thai nhirng stage ¢ chi s6 s cao hon (vi du s+1 1a 1
bénh vién, s l1a phu tai binh thuong, s€ uu tién sa thai stage s trudc) thi diéu kién sau s&

duogc thuc hién:

Lozl Vj,s,m. 4.8)

u s+1,n
4.2.3. Pap g tin s ciia h¢ thong theo thoi gian, xét ca dén lwong tii sa thai

xk+1 == Axk + Buk + Kek

yk=ka+Duk+ek VUID:O}K:O

Tl biéu thirc {
Nén rd rang ta c6 thé thu gon lai thanh biéu thirc:

Ye+1 = Ay +B.C.uy

ba chi ra quy dao dap ing cua tan sé theo thoi gian img voi dau vao ctua sy mat

can bang cong suét u;, ludn ludn tudn theo cong thirc bac nhat
yk+1 = Ayk + B C uk (49)

Trong d6 u, 14 thong sé trang thai dau vao cua budc thir & luén luén duoc tinh theo

cac thanh phan: u, = Ag — D.Af, — ¥ ug,. Ad,

Thay bién k bang bién n dé dong bd véi bai toan ta co
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u, = u, = Ag’ — D.Af] — Y ul . Ad, (4.10)
Luuy réng Uy F Upg

Va trong su kién thir j ta co

( Agf — Lwong céng sudt phat bj mat khi mé phéng
{ D. Afn — Pdp img ciia phu tai theo tan sé
Adg - Téng liwong tai sa thai di 6 budc thir k

k

Luong D. A fnj do ta chua c6 du dir kién, vé phan tng ctia phu tai theo tan s6 (dic trung
bdi hé s6 ) nén dé don gian hoa ta bé qua thanh phan nay. Mit khac, ta thay trong biéu
thirc trén chira )¢ ugn. Ad, 1a tich cta bién nhi phan uin v6i bién chi lugng tai sa thai
cla stage s 1a Ad,, ca 2 bién nay déu chua biét , n6 s& dan dén tinh phi tuyén cia
phuong trinh. Tuy nhién diéu ndy moé hinh MILP c6 thé giai quyét bang cach dua thém

1 bién phy, thay thé tich ugn. Ad, bang bién xgn va 4p dat rang budc sau cho bién x!n

0<xl, <ul, (4.11)
0<Ad;—xl, <(1-ul) (4.12)

Dé dang nhan ra tr 2 cong thic trén, khi ugn =1 thi xgn = Adj , trong khi do ugn =0
thi x] = 0.

Viy dap ung cta tan s6 hé thong s& duoc thé hién ¢ phuong trinh sau:

Afl,, = AAf] +B.C (Agf - Z u;'n.Ads>

S
Khi d6 sé€ tro thanh

Afl. = AAf] + B.C(Ag! — ¥ xL,.) (4.13)
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4.2.4. Rang budc vé khoi lwgng sa thai phu tai Ad,

Khdi luong tai ma bi sa thai & mdi mot stage 1a Ad,, luén duoc coi 1a 1 bién
am(mang ddu trir) co gia tri tr 0 dén tong luong tai du phong ma hé thong cé. Tuy

nhién, 1 s6 chuong trinh sa thai phu tai s& chi sa thai nhiing khéi tai da dinh trudc

Adg = Ad;P*C Vs. (4.14)

Khi d6 biéu thuc (4.13) s& tré thanh

Af).. = AMf) +B.C (Agf - 2 u;'n.Adjp“>
S
Mit khéac, néu khdi tai bi sa thai Ad, 1a cac bién lién tuc, thi diéu kién vé khéi
luong tai trén tat ca cac stage sa thai phai khong 4m va nhan gia tri nho hon tong luong

tai ctia toan hé thong.
2sAds < d (4.15)
4.2.5. Mot s6 rang budc khac

Mot chién lugc sa thai phu tai duogc coi la thanh cong néu nhu két thuc qua trinh
mo phong, tan sb cua hé théng trd vé mot trang thai on dinh, tirc 1a do 1éch tan sb so

voi tan sb danh dinh thuong 1a cong hoac trir 0,5Hz tic la:
05> Af/ >—-05 (4.16)

N 1a budce thoi gian trong mo phong, ng 1a tong luong tai sa thai trong thoi gian
mo phong dén budc thr N. Thong thudng, & cudi qua trinh mo phong, tin sd thuong
khong 6n dinh ma van c6 dao dong it nhiéu. Mic du diéu kién trén twong d6i chinh xéac
trong trudng hop dap ung tin sb thé hién bang sai phan bac nhat. Tuy nhién trong cac
dap ng mang tinh phirc tap hon, bic dap tmg cao hon thi cac diéu kién ap dit (4.16)
khong loai trir dugc kha ndng cuia mét tan s dao dong duogc gﬁn voi trang thai on

dinhvao cubi mo phong. Dé tranh diéu nay,ta 4p dit rang tan sb trung binh trong thoi
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gian budc ns cudi cung (théng thudng 1a 5 hay 10 budc cubi) tan sb s& tién dén trang

thai 6n dinh trong vong s & nho ( thudng 14 0.15Hz):
e>Af —%Z%_npAfnj > —¢ (4.16)

Mot diéu quan trong khac, gia tri cai dit cua ro le tin sb f; phai 16n hon ngudng
thip nhat, va cao hon ngudng cao nhit ma tdn sb cac may phat trong toan hé thong c6
thé chiu duge. Gia tri nay dugc quy dinh trong ting may phat cua nha san xuét. Han

ché nay dugc thé hién o
mlin{fl} < fs < frnax

Ngoai ra , dé tranh hién tugng cac diém dat f; cua cac stage lién ti€p nhau co

cuing gia tri, ta c6 thé ép thém diéu kién

fs - fs+1 = Afmin
Trong d6 Af,,;, thudng duoc 1y bang 0,2Hz
4.2.6. Cac bién tinh toan cho md hinh MILP

Téng két cac bién cua bai toan MILP xac dinh tdi wu chinh dinh sa thai phu tai

nhu sau:

e Bién xac dinh d4p tmg tAn s6 cia hé théng: Af/, Af), ... Af), .. Af!
Trong d6 j 1a chi s6 cta sy kién. Vi mdi 1 ngudng thir s s& c6 4N+3 bién bao gdom:
WAt LAt

e Thoi gian cua b dém thoi gian At |, At!,,.

e Bién nhi phan phin anh trang thdi cia tin sé so v&i ngudng dit fi :

J J j j
Vg 1) Vg gy e Vs e Vg iy
e Bién nhi phan phan anh trang thai cua At ,, so vo1 Atg: u; 1 ui 2y e uin, ué N
e Bién phan anh lugng tai bi cat tai budc tinh tha n: x; . x; 2p e xin, x; N
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Va c6 bd 3 bién x4c dinh cac thong s6 thiét 1ap cai dat cho ro le bao gém:

e Piémdattansd fir s =1,...ns
e Thoi gian tré trude khi ro le sa thai phu tai At;, s=1,...,ns
e Khbi luong tai sa thai trong moi gia doan 4ds, s =1,..,ns

4.2.7. Ham muc tiéu caa bai toan MILP

Ro le bao vé cua hé théng s& dua vao bo nhé tit ca nhiing kich ban c6 thé x4y ra
d6i v6i hé thdng. Tuy nhién khong phai tat ca cac kich ban déu co6 thé xay ra voi xac
suét nhu nhau, vi vay muc ti€u dat ra cua bai toan la voi mdi mét kich ban, thi hé théng
UFLS sé& giam thiéu luong tai can sa thai cia hé thong xuéng murc thap nhat c6 thé ma
tan s van co thé phuc hoi vé gia tri quy dinh, dugc phép gilr on dinh ma khong lam hu
hai dén toan hé théng dién. Mat khac khong phai su kién nao ta cling dua vao mo hinh
MILP. Vi vay trong sb pj 1a sd xac dinh marc do quan trong cua sy kién véi mo hinh

bai toan.
o Y0 Y
j s

(4.18)

Khi do, nhitng van dé gap phai cua ro le s€ dugc gidi quyét voi viée xay dung

mot md hinh tinh toan nhu MILP v&i nhitng rang budc sau:

e (4.1)-(4.2) 1a rang budc ctia md hinh bd dém thoi gian ro le.
o (4.3)-(4.8) logic hoat dong cua cac ro le.

e (4.13) 1 dap tng tan sb theo thoi gian ciia hé thong.

e (4.15) cho tai d6 bién;

e (4.16) dé budc céac tan sb dé tro vé gia tri an toan;

o (4.17)-(4.18) dé c6 dugc diém dit tin s6 phu hop.

Céc cong thuc xay dung & cac muc trén chi ra rang, van dé xay dyng mot mo

hinh UFLS s& ¢6 1 s6 lugng rat 10n cac bién, voi nhitng rang budc rat phirc tap. Gia sir
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v6i j su kién, s nguwong, mé phéng trong N bwéc tinh, ta ¢6 md hinh tdi wu véi
jx(N+4xNx s)+3bién. Nhitng rang budc trén 1 rat dai, kich thudc bai toan 1a rat 16n.
Diéu nay gay kho khin trong viéc tim kiém dwoc mot giai phap kha thi néu st dung
nhirng thuat toan t6i wu don thuan, hay phuong phap thir nghiém, stra 16i theo phuwong

phap truyén thong.

Tuy nhién véi cach mo ta bai toan dudi dang bai todn quy hoach tuyén tinh véi
cac bién nguyén thuc hdn hop, ta c6 thé giai bai toan chinh dinh t6i vu ro le sa thai phu

tai bang cac cong cu quy hoach tuyén tinh rat manh hién nay nhu CPLEX.

Tir md hinh bai toan nay, chung ta lap trinh, xac dinh cac diéu kién dé tién hanh
mo hinh bai toan t6i wu biang phan mém MATLAB. Cong viéc ndy bao gdm lap cac ma
tran A,B la cac ma tran rang budc, Ma tran chua dau cac rang budc, ma tran chtra cac
can cho cac bién , ma tran ham muc tiéu, ma trin chua bién nhi phan. Ma tran A cua

bai toan toi vu 1a mot ma tran thua co kich thudce 1én, nhu hinh 4.2
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S
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nz = 33196

Hinh 4. 2 Céu tric ma trén rang budc A
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CHUONG 5

KET QUA TiNH TOAN POI VOI LUOI SAVNW

5.1. Giéi thiéu mé hinh luéi

Ludi SAVNW 13 mé hinh luéi dién duge 1dy 1am miu cho phin mém PSS/E phién ban
33. Pay 1a ludi c¢6 day du nhitng phan tir co ban nhu cua luéi dién trong thue té. So dd

cau truc cua ludi nhu sau:

BFEEAS [NTELDY AREAL [FLAPCOY APEEA 2 LIGHTCD) HAran 110 2 Interchange

1305 MW
30 kb

k0 L 10z = Aran S Generation
Wre_G o HUC-A R HroRD_G -
E MR | -

| Bus 154 Lead

000 WA
A, 8000 b

=l SMJ |

‘ Tﬂ 1 #:’:T’_r

Ir
*

gE
H
}l—/
™
i
)
<

TT | T

|

g
E
|
it
E

Hinh 5. 1 So db Iwéi SAVNW
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Ludi SAVNW bao gém 6 may phat, 23 nat, 8 phu tai. V&i nim may phat cuc an
va mdt may cuc an. Ba may phat dugc trang bi bd diéu tbc TGOV va 1 may cd mo
hinh diéu toc HYGOV.

5.2. Mo phéng dap tng tin so6 ciia lwéi SAVNW

Nhu ta d3 trinh bay ¢ cac chuong trude. Bat ky mot su mét cin bang cong suit
tac dung ndo xay ra déu la nguyén nhan gy anh huodng toi doi toc do cla cac may
phat, cac dong co trong toan hé thong dién. Su anh hudéng nay chinh 13 viéc tan sb cua
hé théng thay ddi khi c6 su kién gdy ra mat can bang cong suat co thé do cic nguyén
nhan nhu mot hodc vai t6 may to may phat bi nhay ra khéi ludi gay thiéu cong suat,

hozc mot s dudng day hodc phu tai bi cét ra gay thira cong suét.

V6i noi dung cua dé tai 1a viée sa thai phu tai toi wu, vi vay chi nghién ciru dén
cac kich ban mét can bang cong suit do thiéu cong suat phat, ma nguyén nhan chu yéu
12 do mat di mot hodc mot sd to may cua hé théng.

Céc thong sb co ban ciia ludi SAVNW duoc thé hién & mé hinh mé phong trong

file SAVNW.dyr va dugc thé hién tryc quan bang bang sau:

data | Dynamics data »

Bus Bus Mbase In . In Turhine In - In
Humber Hame ‘ = ‘ (MIVA) EzramEiEr Service Type EwEiE Service T‘,’pe| Governor | Service TUrE|| SE Service Type

a3 10| NUC-A 21500 1 500.00 GENROU Stnd {IEEET1 Stnd TGOV Stnd {Mone |
] 102 NUC-B 21800 1 500.000 GENROU Stnd | IEEET1 Stnd - TGOW1 Stnd Y Mone D
1 2058 URBGEN  18.000 1 1000.00 GENROU Stnd {IEEET1 Stnd {TGOW1 Stnd {Mone |
211 HYDRO_G  20.000 1 725.000 GENSAL Stnd | SCRX Stnd |HY GOV Stnd | Mone |

: 3011 MINELG  13.800 1 1000.00 GEMROU Stnd | SEXS Stnd {Mone | Mone |
1 3018 CATDOG_G 13.80 1 130.00° GEMROU Stnd | SEXS Stnd | Mone [l None [l

Hinh 5. 2 Théng sé céc thiét bi mé phdng dong
Ludi SAVNW chi c6 cac thong s chinh vé chiing loai, cac thong sé cua bo kich
tir, diéu toc cia may phat, khong cac thiét bi diéu chinh trén luéi nhu OLTC, SVC. Céc
thong s6 chi tiét ctia md hinh luéi duge trinh bay trong phu luc. Ta tién hanh mo phong
tat ca cac kich ban mat cong suét cua lugi SAVNW, tir d6 lwa chon nhirng su kién dién

hinh dwa vao mo hinh to1 wu.

Két qua mo phong cac dap tng ta duoc
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% Su kién 1: mit 750MW ctia may phat nit 101

S5

s B »

Fraquency (Hz)

Hinh 5. 3 Péap (rng tan sb hé théng khi mat 750MW cda may phat nat 101

% Sy kién 2: mit 600MW tai may phat nat 211

B T i

Frequenoy (Hz)
g £ g

B

-------------------------------------------------------------------------------------------------------------------------------

475“

Time ()
Hinh 5. 4 Bép (ng tan sé cta hé théng khi mat 600MW tai may phét nat 211
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% Sy kién 3: mat 800MW tai may phat nat 206

Frequency (Hz)

..............................................................................................................................

-------------------------------------------------------------------------------------------------------------

60 a0 100 120
Time (s)
Hinh 5. 5 Bép (ng tan sé cta hé théng khi mét 800MW tai may phat nit 206
% Sy kién 4: mat 259MW tai may phat nat 3011
5005
50 _| ---------------------------------------------------------------------------------------------------------------------------- —

~N
T T T S ... -
)
L +)
-
-
=3
g 49_9_ _______________________________________________________________________________________________________________________________ —
L

2985 S E— S .

| i |
49'80 il 80 100 120
Time (s)
Hinh 5. 6 Bép (ng tan sé cta hé théng khi méat 259MW tai may phat nat 3011
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% Su kién 5 Hé thong mat 100MW M4t may phat tai ntt 3018

Frequency (Hz)

49.04 I I I I I i
)] 2D 4D 6D aD 100D 120
Time ()

Hinh 5. 7 Pép (ng tan s6 cua hé théng khi mat 100MW tai may phét nat 3018

Két qua mo phong cac su kién mat cong suat phat cho thay dap ung tan sb cua
ludi dién dang xét phu thudc rat nhiu vao vi tri may phat bi cat. Trong khi sy kién 1,
khi mat 750MW, tan s6 s& suy giam xudng dén gia tri thdp nhat 45 Hz va 6n dinh tai
46Hz. Trong su kién 2, khi mét 600 MW, tan s chi giam xuéng dén 48Hz. Cac sy kién
con lai c6 do sut giam tan so rat it, vi du khi mat 800MW tai nat 206, tan s chi giam

xudng dén 49.8Hz.

R& rang do dbc cua cac dap ing nay la khong ti 16 bac nhat v6i luong cong sut
phat, hay no6i cach khac, hé thong s& phan ung khic nhau voi ting su kién riéng.
Nguyén nhan chinh giy ra sy sai khac nay 1a do hé thdng twong dbi nho, cac mé hinh
may phat trong hé théng khong dong nhat, nén dap tng tan sd phu thudc rat manh vao
bo didu toc cia may phét bi cat ra. Vi du, may phat tai nat 101 c6 dap ung tan so rat tot
nén khi bi cit ra s& lam tan s6 hé théng sut manh. May phat tai nat 206 c6 bo diéu tdc

phan tng rat cham nén khi bi cét ra, dap Gmg tan s khong bi anh huong nhiéu.
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5.3. Nhin dang mé hinh ham sai phin béc nhét

Véi dit liéu dau ra tir chuong trinh dynamic ctia PSS/E ta tiép tuc tién hanh nhan
dang dap g tan s cta hé thong dé co6 duoc md hinh cu thé dua vao bai toan téi uu.
Céch thirc xap xi dép ung tan s6 cta hé thong theo chuong 2 di dugc huéng dan. Véi y
tuéng chung cua bai toan, tit ca cac su kién j s& dugc dwa vao mé hinh t6i wu MILP.
Tuy nhién viéc dua tat ca cdc mo hinh su kién vao mé hinh tdi wu 1a khong can thiét va

lam tang kich thudc bai toan.

Vi két qua mo phong & phé”m 5.2, hai su kién mat cong suat dugc lwa chon cu thé 1a
e Sukién 1: Mat 750 MW & may phat ndi vao nut 101.
e Sukién 2 : Mat 600 MW & may phat ndi vao nit 211.

bay Ia hai sy kién gay sut giam tan sé manh va can duoc thiét ké bao vé sa thai
phu tai. Tir két qua mo phong PSS/E ta tién hanh nhan dang mé hinh ham sai phan béc
1 cho dap ung tan sb theo chuong 2. Bo sd két qua nhan dang ta c6 thé thu gon lai

trong bang sau, véi DG duoc tinh trong hé don vi tuong ddi.

Bang 5. 1 Két qué nhén dang 2 suw kién

Su kién 1: mat 750MW tai t6 may nat 101 Su kién 2: mat 600MW tai t6 may nut 211
A B C DG A B C DG
0.96922 -3.239.10* 1.00 7.50 0.97618 | -1.656.10"* 1.00 6.00

5.4. Sir dung Cplex giai bai toan toi wu.
5.4.1. Muc tiéu bai toan toi wu
Mo hinh bai toan tdi wu s& duoc xdy dung nhu da dugc trinh bay trong chuong 4. Doi
v6i lwdéi SAWVN, nham giam thiéu luong cong suat phu tai sa thai phi hop véi timg
truong hop su cd, bai toan tbi wu s& dugc diéu chinh sau cho:

e D6i v6i su kién mat 600 MW, s& c6 hai ngudng sa thai phy tai tac dong

o D4i voi su kién mat 750 MW, s& ¢6 ba ngudng sa thai phu tai tdc dong
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5.4.2. Toi wu va két qua t6i wu.

a) Céc thong s6 dau vao cho qua trinh to1 vu

Véi bo sb twong tmg tir két qua cia mo hinh nhan dang. Tir d6 ta x4c dinh duoc

dap g tan sb cua hé théng xét dén ca luong tai theo phuong trinh

Afyor = AAf, +B.C[Ag — Z ugy. Ad,

N
Vi dap ung nhur trén mo hinh MILP s& dugc tinh toan t6i wu bang phan mém Cplex

Céc thong sb khac phuc vu cho qua trinh tinh toan nay bao gdm

o

N = 200; So buoc tinh

RelMIPgap = 0.04; % Sai so khi toi uu

Ts = 0.1; Thoi gian cua buoc tinh

s = 3; So stage tinh toan cho ro le

oo oo

Bén canh d6 1a bd gia tri cai dat cho céac can trén va can dudi cia cac bién bai toan
% delta t u v X Dfs Dt Ds

[zeros (1,N) zeros (1,N) zeros(l,N)zeros(1l,N) 48.0 minT minShed];

1=
1= [20*ones (1,N) ones(1,N) ones(1,N) 20*ones (1,N) 49.4 maxT maxShed];

L_
U_
delta t L 1 &U 1

L=[-5*ones (1,N) , repmat(L 1,1,s)];
U=[20*ones(1,N) , repmat(U 1,1,s)];

B6 tham s6 bién trong qua trinh t6i wu.
Véi N=200 va s = 3, j = 2, At=0.1s c6 bai toan tdi wu s& mo phong trong 20s. Véi cac
tham s trén, s6 bién ctia bai toan 1a 5209 bién (trong d6 2400 bién nhi phan), ma tran

A kich thude 12408x52009.

b) Két qua téi vu

Ta truy xuét bo gia tri dung dé cai dit ro le bang 1énh

>>ketqua=[x (fsvec) x(tsvec) x(Dsvec)]; %Lay ket gqua tuong ung
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Khi @6 trén cira s6 1énh cia MATLAB sé& hién thi 3 gia tri twong Gng lan luot 1a bo 3 s6
fi, Ats, Ads.

ketqua =
49.6000 0.3000 3.2834
49.3840 0.2000 1.2834
49.1840 0.1000 1.9845

Két qua ctia mo hinh t6i wu duogc trinh bay trong bang két qua sau:

Bang 5. 2 Théng sé cai dat 3 stage cua ro le tan sé F81 la:

f, At Ad,
Stage 1 49.6000 0.3000 3.2834
Stage 2 49.3840 0.2000 1.2834
Stage 3 48.1840 0.1000 1.9845

Hinh v& 5.8 thé hién dap Gng tan s6 qua chuong trinh téi vu

50 I I l l l | | | |
: : : : : Suv kién mat 750 MW
49.9 , , , , , Su kien mat 600 MW/
49.8 SRR S RRRRREE S R RRRREERERRRRE SR SRRRRERE ARRRREES fee
49.7 ft{--- - AN S2RLEXRRERRRRY R R RRECRRERRS ARTIN RERERRRE SERERRES b
~N : : : : : : : : :
S 408\ i e
«O ] . . ; . . . . .
(/)]
£ 495
l—
49.4 i
49.3 -
49.2 i
49 1 i i i i i i i i i

0 2 4 6 8 10 12 14 16 18 20
Thaoi gian (s)

Hinh 5. 8 Két qua sa thai phu tai theo bai toan téi wu
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Tu dap Gng tan sb khi c6 sa thai phu tai, theo két qua cua bai toan tdi wu hoa duge
thé hién trén Hinh 5.8 c6 thé thdy rang 101 giai bai toan tdi wu di dat duoc cac yéu cau
dit ra ban dau: Sir dung hai ngudng sa thai v6i su kién mat 600MW va ba ngudng sa
thai véi su kién mat 750MW, dong thoi tan s6 hé thong tré vé tdi thiéu 49,5 Hz sau
20s. Két qua mo phong theo rat sat rang budc cudi cung nay, vi ham muc tiéu cua bai
toan 1a giam thiéu luong cong suat cat, vi vay 10i giai bai toan tdi wu sé& chi cit vira du

de tan so tr¢ vé gia tri yéu cau.

5.5. Mb phéng kiém chirng bing PSS/E
Lot giai tdi wu cua bai toan duogc dua ra tir muc 5.4 s& duoc kiém ching lai trén

mo hinh PSS/E. Khi d6 file dynamic (.dyr) s& dugc bo sung thém mé hinh ro le sa thai
phu tai theo tan s6 thdp LDSHBL di duoc gidi thiéu ¢ muc 2.1.1. Sau khi tinh toan cai
dit cho ro le tan s6 F81 ta mo phong lai, file dyr c6 thé xem trong phu luc.

% Dbi v6i su kién mat 750MW clia may phat tai nat 102.

Ta c6 dap tng tan sb thu dugc co dang nhu hinh 5.9
50.51

Stage 1

50.1

49.7

(Hz)

~

49.3

an so

T

48.9

Stage 2

485 i i i i i i
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Thoi gian (s)

Hinh 5. 9 Tan s6 mé phéng bang PSS/E suw kién mét 750MW

Véi tong luong tai da cat duoc cho trong bang 5.3
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Bang 5. 3 Téng lwong tai cat trong sw kién mét 750MW phéat

Don vj tinh (p.u) voi Se=100MW Thuc cit PSS/E Két qua tir chwong trinh t6i vu
Stage 1 3.2921 3.2834
Stage 2 1.2818 1.2834
Stage 3 1.9819 1.9845

Tiép tuc quan sat dién ap cac nut trong qua trinh mo phong ta nhan thiy ngay
sau khi sa thai dién ap cac nut c6 su dao dong rit manh, va tré vé trang thai 6n dinh

trong khoang 12 s.

1.15F
1.1
El
2 1.05f
Q
8 /
c
<Q-
5 1 A
A
095:{[%

0.9 | | | | | |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Thai gian (s)

Hinh 5. 10 Dién ap quan sat trén cac nut trong qua trinh mé phdong suw kién 1
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% Sy kién méat 600MW ctia may phat tai nat 211.

bap tng tan so

50.2r

50

Stagel

49.81

Tan s6 (Hz)

49.61

49.4r-

Stage2

492 i i i i i i i i i i i 1 i i
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Thoi gian (s)
Hinh 5. 11 Tén s6 mé phéng bang PSS/E sw kién mat 600MW phat
Bén canh d6 két qua céc phu tai bi cat do ro le tan s ciing duoc thong ké cu thé trong

bang.

Bang 5. 4 Téng luong tai cat trong sw kién mat 600MW phét

Don vi tinh (p.u) véi Se=100MW Thuyc cat PSS/E Két qua tir chwong trinh tbi wu
Stage 1 3.2264 3.2834
Stage 2 1.235 1.2834
Stage 3 Khong cat 1.9845
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Dién 4p cac nit quan sat duoc twong ty nhu truong hop mat 750MW.

1

1.15

1.1

1.05

bién ap (p.u)

0.95 1

0.9 :
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Thoi gian (s)
Hinh 5. 12 Dién ap quan sat trén cac nut trong qua trinh mé phdéng s kién 2

5.6. Két luan , nhan xét.

Tir két qua ciia qué trinh tinh toan ta thiy khi mo phong hé thong SAWVN bang

PSS/E, véi cac ro le sa thai phu tai, co thé rat ra cac nhan xét sau:

e Dbi v6i su kién mat 600MW, c6 hai ngudng sa thai duoc kich hoat. DPéi voi su
kién mat 750MW, ba ngudng sa thai phu tai duoc kich hoat. Két qua nay twong
ddng voi két qua mo hinh téi vu héa.

e Trong hai truong hop md phong, tan s6 hé thong déu tro vé gia tri 49.7Hz,
trong khi két qua bai toan t6i wu 12 49.5Hz. Khéc biét nay 1a do sai s6 ctia nhan
dang mo hinh. Dé cai thién sai sb nay, c6 thé phai sir dung mé hinh bac 2 hoic
cao hon dé nhan dang dap ung tan sb clia hé thong.

e Sai khac 16n nhat giira bai toan t6i vu va két qua mo phong PSS/E 1a dép tng
tan s6 ngay khi cat phu tai. Két qua toi uvu cho thay do doc giam tan so giam di
rd rét khi 6 sa thai phu tai. Tuy nhién khi mo phong PSS/E, tan sb quan sat

duge con syt giam manh hon. Diéu nay c6 thé 1y giai bang quan sat dién ap

Duong Tung Ldm SHSV : 20091544
Lop k¥ thuat dién 3- K54- BDH Bach khoa Trang 72



pO AN TOT NGHIEP
(hinh 5.10, 5.12). Khi sa thai phu tai, dién ap trén ludi ting cao, din dén phu

tai ciia hé thong ciing ting theo. Do d6 hiéu qua sa thai phu tai & thoi diém ban

dau khong tot nhu két qua bai toan tdi uu.
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KET LUAN

Luan van da thuc hién xay dung lai bai toan dinh chinh cho role sa thai phu tai
tan s thap dudi dang bai toan quy hoach tuyén tinh thuc nguyén hdn hop theo dé xuit

cua Frida Ceja —Gomez va cac cOng su.

Bai toan dinh chinh ro le sa thai phu tai theo tan s6 13 mot trong nhirng bai toan
quan trong trong hé thong dién. Viéc ap dung bai toan quy hoach tuyén tinh thyc
nguyén hdn hop theo dé xuat cua Frida Ceja —Gomez dé xdy dung phuong 4n dinh
chinh cho role sa thai phuy tai tin s6 1a mot phuong phap méi, 4p dung mot trong nhing

cong cy rat manh dé giai cac bai toan toi vu d6 1a CPLEX cua IBM.

Két qua t6i vu dua ra két qua cho thiy phuong phap da duoc trinh bay 1a mot
phuong phap kha thi cao, toi uu hoa dugc lugng sa thai phu tai véi mot yéu cau cho
trudc vé dép Gng tan sd. Tuy nhién, két qua moé phong kiém chimg khong hoan toan
triung khop voi két qua clia bai toan tdi uu, nguyén nhan chii yéu 1a do mé hinh bai toan

chua xét dén anh huong cua dién ap ctia cac phu tai khi sa thai tan so.

Tu két qua do an nay, ta c6 thé hoan thién hon véi viéc xét day du hon cac yéu
t0 anh hudng dén cac dap ung tan s6 theo day du cac yéu to khac. Hodc, c6 thé dé dang

mo rong bai todn voi ro le sa thai phu tai theo dao ham cua tan so.
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PHU LUC
A M6 hinh cac phan tir PSS/E
A.1. M6 hinh b diéu tdc.
«* MO hinh HYGOV
So d6 khoi cua mo hinh
+ 1 1 +Tes . 1
VAR(L)—» [+ T > Tr — [+ T :
(nrcf} + f‘i r [‘S g.‘i
B Velocity and
N Position Limits
Speed SPEED
(SPEED)
+
R Diurb
F
b4
» X
L q v B
+
g';— » X » ¥ 1 » T X » Ay PMECH
- Tys +
F q h o _
1 INL
Trong do

R Do dbc duong dic tinh diéu chinh lJaudai T,  hang so thoi gian cta dong co servo

r Do dbc duong didu chinh tam thoi g Vi tri ctia mé twong d6i
T, Hing s6 thoi gian cua bo diéu tde f Dong nude chay twong ddi
Tr Hang sd thoi gian b loc h Chiéu cao twong ddi cot nudc

Dwvb  HE s0 cuia tua bin
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Thong sb cai dat cho mo hinh

R Permanent droop 0.05 pu

r Temporary droop 0.1to 1.0 pu

T (Governor time constant 2 to 20 sec

Ty Filter time constant 0.05 sec

Ty (Gate servo time constant 0.5 sec

VELM | Gate velocity limit 0.167 pu/sec

GMAX | Maximum gate 1.0 pu

GMIN | Minimum gate 0.0 pu

Tw Water time constant 1.0 to 3.0 sec

A Turbine gain 1.2

Donts Turbine damping coefficient | 1.5 to 2.0 for Pelton (bucket)
0.0 for Kaplan (blade)
0.5 for Francis

L No load flow 0.08 pu

% MO0 hinh TGOV1

VMAX

L 1 | 1+Tas i
Reference — — — 3 PMECH
VAR(L) R 1+Ts 1+T3s
VMIN
Awm » Dy

SPEED
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% M0 hinh GAST

Speed

pO AN TOT NGHIEP

Thong sb cai dat

SPEED

Load
Reference
VARIL)

+

== |4

—

R =10.05 pu
T =0.50 sec
To/T3=0.3
Ty3=51t09sec
= Dyyrhy
/V_ﬂﬁ.}(
Lovw 1 - ! .
VMIN
. _ |
.\E)-!— KT ‘_C?‘_ 1+T3s

Load Limit

(e
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Thong sb cai dat

R =10.05pu

T1=0.4sec

T, =0.1 sec

T4y=3.0sec

VMAX =1.0pu

VMIN =-0.05 pu

Ambient temperature load limit = 1.0 at 80°F (rated); 0.9 at 105°F
Kr=2.0

Dturb = 0.0
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A.2 Cac file dir liéu mo6 phong luwéi SAVNW

% Savn.dyr

101 'GENROU' 1 6.5000
4.0000 0.0000
0.80000 0.30000
101 '"GENROU' 2 6.5000
4.0000 0.0000
0.80000 0.30000
101 '"IEEET1'" 1 0.0000
-7.3000 1.0000
0.0000 2.4700
101 '"TGOV1' 1 0.50000E-01
1.0000 1.0000
101 '"IEEET1'" 2 0.0000
-7.3000 1.0000
0.0000 2.4700
101 'TGOV1' 2 0.50000E-01
1.0000 1.0000
102 'GENROU' 1 6.5000
4.0000 0.0000
0.80000 0.30000
102 'GENROU' 2 6.5000
4.0000 0.0000
0.80000 0.30000
102 '"IEEET1'" 1 0.0000
-7.3000 1.0000
0.0000 2.4700
102 'IEEET1' 2 0.0000
-7.3000 1.0000
0.0000 2.4700
102 '"TGOV1' 1 0.50000E-01
1.0000 1.0000
102 'TGOV1' 2 0.50000E-01
1.0000 1.0000
206 'GENROU' 1 4.5000
2.5000 0.0000
0.70000 0.25000
206 'GENROU' 2 4.5000
2.5000 0.0000
0.70000 0.25000
206 'IEEET1' 1 0.0000
-2.1000 0.0000
0.0000 2.4700

0.60000E-01 0.20000
1.8000 1.7500
0.15000 0.90000E-

0.60000E-01 0.20000
1.8000 1.7500
0.15000 0.90000E-

400.00 0.40000E-01
0.80000 0.30000E-
0.35000E-01 4.5000

0.50000E-01 1.0500
0.0000 /

400.00 0.40000E-01
0.80000 0.30000E-
0.35000E-01 4.5000

0.50000E-01 1.0500
0.0000 /

0.60000E-01 0.20000
1.8000 1.7500
0.15000 0.90000E-

0.60000E-01 0.20000
1.8000 1.7500
0.15000 0.90000E-

400.00 0.40000E-01
0.80000 0.30000E-
0.35000E-01 4.5000

400.00 0.40000E-01
0.80000 0.30000E-
0.35000E-01 4.5000

0.50000E-01 1.0500
0.0000 /
0.50000E-01 1.0500
0.0000 /
0.70000E-01 0.15000
1.4000 1.3500
0.10000 0.90000E-
0.70000E-01 0.15000
1.4000 1.3500
0.10000 0.90000E-

40.000 0.60000E-01
0.50000 0.80000E-
0.35000E-01 3.5000

0.50000E-01
0.60000
01 0.38000

0.50000E-01

0.60000

01 0.38000
7.3000

01 1.0000

0.47000
0.30000
7.3000

01 1.0000

0.47000
0.30000

0.50000E-01
0.60000
01 0.38000

0.50000E-01

0.60000
01 0.38000
7.3000
01 1.0000
0.47000
7.3000
01 1.0000
0.47000
0.30000
0.30000
0.50000E-01
0.50000
01 0.38000
0.50000E-01
0.50000
01 0.38000
2.1000
01 0.80000
0.60000
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206 '"TGOVL1' 1 0.50000E-01 0.50000E-01 0.9000 0.30000
3.0000 9.0000 0.0000 /
206 '"IEEET1'" 2 0.0000 40.000 0.60000E-01 2.1000
-2.1000 0.0000 0.50000 0.80000E-01 0.80000
0.0000 2.4700 0.35000E-01 3.5000 0.60000 /
206 "TGOVL1' 2 0.50000E-01 0.50000E-01 0.9000 0.30000
3.0000 9.0000 0.0000 /
211 'GENSAL' 1 5.0000 0.50000E-01 0.20000 5.0000
0.0000 1.0000 0.75000 0.40000 0.26000
0.10000 0.11000 0.62000 /
211 '"SCRX' 1 0.10000 10.000 200.00 0.50000E-01
-5.0000 5.0000 1.0000 10.000 /
211 '"HYGOV' 1 0.50000E-01 0.30000 5.0000 0.50000E-01
0.50000 0.20000 1.0000 0.0000 1.2500
1.2000 0.50000 0.80000E-01/
3011 '"GENROU' 1 5.0000 0.60000E-01 0.20000 0.60000E-01
3.0000 0.0000 1.6000 1.5500 0.70000
0.85000 0.35000 0.20000 0.90000E-01 0.38000 /
3011 '"SEXS' 1 0.10000 10.000 100.00 0.10000
0.0000 4.0000 /
3018 'GENROU' 1 5.0000 0.60000E-01 0.20000 0.60000E-01
3.0000 0.0000 1.6000 1.5500 0.70000
0.85000 0.35000 0.20000 0.90000E-01 0.38000 /
3018 '"SEXS' 1 0.10000 10.000 100.00 0.10000
0.0000 4.0000 /
0, 'LDSHAL',*,49.6,0.3000,0.134,49.3839,0.200, 0.0400 ,49.1839, 0.1000 ,
0.062,0 /
% SAVNW.py Chay tu dong trong PSS/E
psspy.base frequency( 50.0)
psspy.fnsl([0,0,0,1,1,0,99,01])
psspy.cong(0)
psspy.conl(0,1,1,(0,01], O, 80, 0O, 801])
psspy.conl(0,1,2,(0,01,[ 0, 80, 0O, 801])
psspy.conl(0,1,3,[0,01, 0, 80, 0O, 801])
psspy.ordr (0)
psspy.fact ()
psspy.tysl (0)
psspy.dyre_new([l,l,l,l],r"""C:\Documents and
Settings\Admin\Desktop\PSSE\savnw.dyr""", """, """, "")
psspy.dynamics_solution param 2([ i, 41, 41, 1, i, 41, i, 1i],[ £, £,
0.025, £, £, £, £, £])
psspy.chsb(0,1,[1,33,73,1,12,01])
psspy.chsb(0,1,[-1,-1,-1,1,13,0])
psspy.strt (0, r"""C:\Documents and Settings\Admin\Desktop\PSSE\ab.out""")
psspy.run(0,5,100,1,0)
psspy.dist machine trip(101,r"""1""")
psspy.change channel out file(r"""C:\Documents and
Settings\Admin\Desktop\PSSE\ab.out""")
psspy.run (0, 120.0,100,1,0)
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pssplot.newplotbook ()

pssplot.insertpage ()
pssplot.setselectedpage (0)
pssplot.openchandatafile (r"""C:\Documents and
Settings\Admin\Desktop\PSSE\ab.out""")

pssplot.dragdropplotdata (r"""ab""",r"""7 - FREQ 201 [HYDRO
500.00]uuu)

pssplot.dragdropplotdata (r"""ab""",r"""13 - FREQ 211 [HYDRO G
20.000]HHH)
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B Ciac ham matlab cho chwong trinh tdi wu.
Céc file.m déu duoc dat trong mot folder

Chuong trinh chinh

7

¢ ufls_sblock 2event.m

close all;

clear all;

%% Cac thong so nhap vao
N = 200;

RelMIPgap = 0.04;

Ts = 0.1;

s = 3;

minT = ;
maxT =
minShed =
maxShed =
Fdiff = 0 Frequency difference between consecutive blocks

Dsdiff = -2; % Difference in load shedding, next block must shed bigger

F final = 49.5; % Frequency at the end

%% Goi ma tran A va B, su kien 1

aa = 0.969220476563798;

bb = -3.239595692453097e-004;

cc = 1;

DG = 7.5;

[A,B,f,L,U,LE,GE,binvar, tsvec, Dsvec, fsvec] =

matran_ s block(N,Ts,aa,bb,cc,s, minT,maxT,minShed, maxShed, Fdiff,Dsdiff, DG, F
final);

Goi ma tran A va B, su kien 2

aa = 0.97618;

0.1

0.3;
1.;
4;

.2

o\

o0
o©°

bb = -1.6557778e-4;
cc = 1;
DG = 6;

[A1,B1,f1,L1,U1,LE1l,GEl,binvarl, tsvecl,Dsvecl, fsvecl] =

matran s block(N,Ts,aa,bb,cc,s,minT,maxT,minShed, maxShed, Fdiff,Dsdiff,DG,F
final);

%% Ghep hai ma tran;

cutpos = fsvec(l) - 1;
nrowA = size(A,1);
ncolA size(A,2) - 3*s;

AAl = A(:,1l:cutpos);

AAcl = A(:,cutpostl:end);
AA2 = Al(:,l:cutpos);

AAc2 = Al (:,cutpostl:end);
s Ghep AAl va AA2

A = [AAl zeros(nrowA,ncold);
zeros (nrowA,ncolA) AA2];

A = [A [AAcl;AAc2]];

$ B

B = [B;Bl];

% f

ffl = f(l:cutpos);

ff2 = fl(l:cutpos);
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= [ffl ff2 f (cutpos+l:end)];
L va U

LL1 = L(l:cutpos);
2 = L1(l:cutpos);
= [LL1 LL2 L(cutpos+l:end)];

UUl = U(l:cutpos);
UU2 = Ul (l:cutpos);

U = [UUl UU2 U (cutpos+l:end)];
LE = [LE;nrowA+LE1l];

GE = [GE;nrowA+GEl];

binvar = [binvar binvarl+ncolA];

res = cplex solve(f,A,B,L,U,LE,GE,binvar,RelMIPgap) ;

% res = gurobi solve2(f,A,B,L,U,LE,GE,binvar, [],[], [],RelMIPgap)
X = res.x;
offset = size(A,2) - Dsvec(end);

fsvec = fsvec + offset;
tsvec = tsvec + offset;
Dsvec = Dsvec + offset;

if (res.status == 101) || (res.status == 102)

exitflag = 1;

end;
disp(['Ket thuc toi uu, trang thai = ' num2str(exitflag)l]);
%% Ve ket qua

single block size = size(Al,2) - 3*s;

tt = linspace (0, (N-1)*Ts,N);

df = x(1:N);

df2 = x(single block size+l:single block size+N);
plot (tt,50+df, 'r');

hold on;plot(tt,50 + df2);grid;

hold on;plot(tt,50 + df2,'-");

< Matran_s_block

function [A,B,f,L,U,LE,GE,binvarl, tsvec,Dsvec, fsvec] =

matran_ s block(N,Ts,aa,bb,cc,s, minT,maxT,minShed, maxShed, Fdiff,Dsdiff, DG, F
final)

%% Goi ma tran A va B

[A,B] = AB(N,aa,bb,cc,Ts,s,DG);

%% Ma tran f - ham muc tieu
f = zeros (1l,N+s* (4*N+3)) ; % So bien la N+s* (4*N+3)

for i=0:s-1
F(i* (A*N+3)+5*N)= 1;

oo

Tong (x_Ns)=1

end;

%% Can tren va can duoi

% delta t u v X Dfs Dt Ds
L 1= [zeros(1l,N) zeros (1,N) zeros (1,N) zeros (1,N) 48.0 minT
minShed];

U 1= [20*ones(1,N) ones(1,N) ones (1,N) 100*ones (1, N) 49.6 maxT

maxShed];
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% delta t s=1 s=2 s=3
L=[-5*ones (1,N) , repmat(L 1,1,s)];
U=[20*ones (1,N) , repmat(U 1,1,s)];
vartype = zeros (l,N+s* (4*N+3));
for i=0:s-1
vartype (1* (4*N+3) +2*N+1:1* (4*N+3) +4*N) = 1;%Bien nhi phan
end;
L(N) = F final - 50;
U(N) = 0.3;
nvar = N+s* (4*N+3);%
%% Loai rang buoc, ee: 1 - lon hon, -1 - nho hon, 0 bang
ee8 a (l:s*N,1)= -1;
ee8 b (l:s*N,1)= 1;
ee9 (l:s*N,1)= 0;
eell (l:s*N,1)= -1;
eell a(l:s*N,1)= 1;
eell b(l:s*N,1)= -1;
eel3 (l:s*N,1)= 1;
eel8 (1:N,1) = 0;
eel9 (l:s*N,1)= -1;
ee20 a(l:s*N,1)= 1;
ee20 b(l:s*N,1)= -1;
ee =[ee8 a;ee8 b;ee9;eell;eell a;eell b;eel3;eel8;eel9;ee20 a;ee20 Db];
%% Position of main variables for each shedding block
fsvec = zeros(l,s); % position of shed frequency var
tsvec = zeros(l,s); % position of shed delay var
Dsvec = zeros(l,s); % position of shed amount var
for i = 1:s
if 1 == % first block
fsvec (i) = 5*N+1;
tsvec (i) = 5*N+2;
Dsvec (1) = 5*N+3;
else
fsvec (i) = 5*N+1 + (1i-1)* (4*N+3) ;
tsvec (1) = 5*N+2 + (i-1)* (4*N+3) ;
Dsvec (1) = 5*N+3 + (i-1)* (4*N+3) ;
end;
end;

%% Cross constraint, consecutive block must have minimal frequency
distance,

$% first block highest frequency.

for i = 1:s5-1

a_ = sparse (l,nvar);
a_ (fsvec(i)) = 1;
a_ (fsvec(i + 1)) = -1;
b = Fdiff;
A= [A;a ];
B = [B;b ];
ee = [ee;1l];
end;
%% Cross constraint, next block should shed bigger
for 1 = 1:s8-1
a_ = sparse (l,nvar);
a_ (Dsvec (1)) = -1;
a_ (Dsvec(i + 1)) = 1;
b = Dsdiff;
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A= [A;a ];

B = [B;b 1;

ee = [ee;1];
end;

%% Giail bai toan toi uu

xtype = [1;
for 1 = l:nvar
if vartype (i) ==
xtype = [xtype 'B'];
else
xtype = [xtype 'C'];
end;
end;

LE = find(ee<0);

GE = find(ee>0);

binvar = find(vartype):;
%% Swap and solve
swap_col;

* swap_col

oo

% new order

ordn = zeros(l,nvar);
%% delta £
k = 0;
ordn(l:N) = 1:N;
k = N;
%% uv block
for 1 = 1:s
for j = (i-1)
k =%k + 1;
ordn (j) = k;
end;
end;
%% load shed variables
for i = 1:s
for 3 = (i-1) * (4*N+3) + 5*N + 1:
k =%k + 1;
ordn(j) = k;
end;
end;
[idx,orl] = sort (ordn);
ordn = orl;
vartype = zeros(l,nvar);
vartype (binvar) = 1;

Dao vi tri cac cot trong ma tran A,

£, L,

(1-1)

U, binvar

* (4*N+3) + N + 1: (i-1)* (4*N+3)

*

+ 5*N

(4*N+3)

+ 5*N + 3
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% ordn = ordn'

A = A(:,ordn);

vartype = vartype(:,ordn);
f = f(:,ordn);

L = L(:,ordn);

U = U(:,ordn);

binvarl = find(vartype):;
fsv = zeros (l,nvar);

tsv = zeros(l,nvar);

Dsv = zeros (l,nvar);

fsv(fsvec) 1;
tsv(tsvec) = 1;
Dsv (Dsvec) = 1
fsv = fsv(ordn
tsv = tsv (ordn
Dsv = Dsv (ordn);

fsvec = find(fsv);
tsvec = find(tsv);
Dsvec find (Dsv) ;

/r‘/r‘

)7
)

+ Thanh lap ma tran A,B

function [A,B] = AB(N,aa,bb,cc,Ts,s,DG)
L = 30; % Cho rang buoc 11

KK = 100; % Cho rang buoc 20 b

for i=0:s5-1

I8( i*3*N+1: i*3*N+N)= 1*N+1:1*N+N ;

J8( i*3*N+1: i*3*N+N)= 1:N ;

S8 ( i*3*N+1: i*3*N+N)=-1 ;

J8( 1*3*N4N+1: 1*3*N+2*N)=i* (4*N+3)+3*N+1:1* (4*N+3)+4*N;
I8 ( 1*3*N+N+1: i*3*N+2*N)=1*N+1:1i*N+N ;

S8 ( 1*3*N4N+1: 1*3*N+2*N)=-50;

J8( 1*3*N+2*N+1: 1i*3*N+3*N)= 1i* (4*N+3)+5*N+1;

I8 ( 1*3*N+2*N+1: i*3*N+3*N)= i*N+1:i*N+N;

S8 ( 1*3*N4+2*N+1: 1*3*N+3*N)=1

J8( 1*3*N+3*N+1)= i* (4*N+3)+5 N+3;

I8( 1*3*N+3*N+1)= 1;

S8 ( 1*3*N+3*N+1)= 0;

end;

A8 a =sparse(I8,J8,S8);

A8 b =A8 a;

B8 a(l:s*N,1)= 50;

B8 b(l:s*N,1)= 0 ;

%% Rang buoc 9

for i=0:s-1

IO (1* (3*N-1)+1:1* (3*N-1) N)— 1*N+1 1*N+N;

J9(1* (3*N-1)+1:1* (3*N-1)+N) = (4*N+3)+N+1:1* (4*N+3)+2*N;
SO (1* (3*N-1)+1:1* (3*N-1)+N) = ;

I9(1i* (3*N-1)+N+1:1i* (3*N- 1)+2*N 1)=1i*N+2:1i*N+N;

JO (1% (3*N-1)+N+1:i* (3*N-1)+2*N-1)=1* ( 4*N+3)+N+l:i*(4*N+3)+2*N—l ;
SO(i* (3*N-1)+N+1:i* (3*N-1)+2*N-1)= -

J9(1* (3*N-1)+2*N:1* (3*N- 1)+3*N—1):1* 4*N+3)+3*N+1:i*(4*N+3)+4*N;
IO (1i* (3*N-1)+2*N:1i* (3*N-1)+3*N-1)= 1*N+1:1i*N+N;
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SO (1* (3*N-1)+2*N:1i* (3*N-1)+3*N-1)= -Ts;
J9(1* (3*N-1)+3*N)=1* (4*N+3)+5*N+3;
I9(i* (3*N-1)+3*N)=1

SO (i* (3*N-1)+3*N)=0;

end;

A9 =sparse(I19,J9,59);
B9(l:s*N,1)= 0;

%% Rang buoc 10

for i=0:s-1

T10(1i*(2*N)+1:1* (2*N) +N) = *N+l 1*N+N;

J10 (i* (2*N)+1:1* (2*N) +N) = (4*N+3)+N+1:i*(4*N+3)+2*N;
S10(1i* (2*N)+1:1* (2*N) +N) =

I10 (1i* (2*N) +N+1:1~* (2*N)+2*N) 1*N+1:1*N+N;

J10 (i* (2*N) +N+1:1* (2*N) +2*N) =i* (4*N+3) +3*N+1:1i* (4*N+3) +4*N;
S10(i* (2*N)+N+1:1* (2*N) +2*N)=-N;

I10 (1* (2*N) +2*N+1)=1*N+1;

J10 (1i* (2*N) +2*N+1)=1i* (4*N+3) +5*N+3;

S10 (i* (2*N)+2*N+1)=0;

end;

Al0= sparse(I10,J10,510);
B10(l:s*N,1)= N*Ts;

%% Rang buoc 11

for 1i=0:s-1

I11 (i (3*N)+1:i*(3*N)+N)— 1*N+l 1*N+N ;

J11(1i*(3*N)+1:1* (3*N)+N)= (4*N+3)+1*N+1:i*(4*N+3)+2*N ;
S11(i*(3*N)+1:1* (3*N)+N)= ;
Jll(1*(3*N)+N+1:i*(3*N)+2*N)— i* (4*N+3)+2*N+1:1i* (4*N+3) +3*N;
T11 (A* (3*N)+N+1:1* (3*N) +2*N)=1i*N+1:i*N+N ;

S11(1i* (3*N)+N+1:1i* (3*N)+2*N)=L;

J11 (1% (3*N)+2*N+1:1* (3*N)+3*N)= 1* (4*N+3)+5*N+2;

T11 (1i* (3*N)+2*N+1:1* (3*N)+3*N)= 1*N+1:1*N+N;

S11 (1i* (3*N)+2*N+1:1i* (3*N)+3*N)=1;

J11 (1% (3*N) +3*N+1)=1* (4*N+3) +5*N+3;

T11 (1* (3*N)+3*N+1)=1*N+1;

S11(i* (3*N)+3*N+1)=0;

end;

’

All a =sparse(Ill,J11,s11);
All b=All a;

Bl1l a(l:s*N,1)=0;
B1l b(l:s*N,1)=L;

%% Rang buoc 13

for 1i=0:s-1

I13(1i* (2*N-1)+ *(2*N-1)+N)= 1*N+1:1*N+N ;

J13(i* (2*N-1)+ *(2*N—l) +N)= 1* (4*N+3)+2*N+1:1* (4*N+3)+3*N ;
S13(i* (2*N-1)+ (Z*N 1)+N)= 1 ;

J13(i* (2*N- 1)+N+1 *(2*N-1)+2*N-1) = (4*N+3)+2*N+1:1* (4*N+3) +3*N-1;
I13(1* (2*N-1)4+N+1:1* (2*N-1)+2*N-1)= *N+2 1*N+N ;

S13(i* (2*N-1)+N+1: (2*N 1)+2*N-1)=-

JL3 (1i* (2*N- 1)+2*N) * (4*N+3) +5*N+3;

I13(1* (2*N-1)+2*N) = *N+1 ;

S13(i* (2*N-1)+2*N)=0;

end;

Duong Tung Ldm SHSV : 20091544
Lép k¥ thuat dién 3- K54- BH Bach khoa Trang 87



pO AN TOT NGHIEP

Al3 =sparse(Il1l3,J13,S13);
B13(l:s*N,1)= O;

%% Rang buoc 18
I18(1: N)— 1:N ;

J18(1:N)= 1:N ;

S18(1:N)=1 ;

J18(N+1 2*N-1)= 1:N—1;

I18 (N+1:2*N-1)=2: ;

S18 (N+1:2*N-1)= —aa,%—A

J18 (2*N)= N+s* (4*N+3) ;

I18(2*N)=1 ;

S18 (2*N)=0;

for 1i=0:s-1

J18 (i* (N=1)+2*N+1:1* (N-1)+3*N-1)=1i* (4*N+3) +4*N+1:1i* (4*N+3)+5*N-1;
I18(1* (N-1)+2*N+1:1i* (N-1)+3*N-1) 2.N,

S18 (i* (N=1)+2*N+1:1i* (N-1)+3*N-1)=bb*cc*50;%-B*C
end;

Al8= sparse(Il8,J18,518);
B18(1:N,1)= 50*bb*cc*DG;

%% Rang buoc 19
for i=0:s5-1

I19(1* (2*N)+1:1i* (2*N)+N) = 1*N+1 1*N+N ;

J19(i*(2*N)+1:i* (2*N)+N)= i* (4*N+3)+2*N+1:1i* (4*N+3)+3*N ;
S19(i* (2*N)+1:1i* (2*N)+N)=-KK;
J19(1*(2*N)+N+1:i*(2*N)+2*N)= *(4*N+3)+4*N+1:1* (4*N+3) +5*N;
I19 (1* (2*N) +N+1:1* (2*N) +2*N) =1 *N+1:1*N+N ;

S19(i* (2*N) +N+1: i*(2*N)+2*N) 1;

J19 (1i* (2*N) +2*N+1)=1i* (4*N+3) +5*N+3;

I19(1i* (2*N) + 2*N+l)— *N+1;

S19(i* (2*N)+2*N+1)=0;

end;

Al9 =sparse(I19,J19,S819);
B19(1l:s*N,1)=0;
$% Rang buoc 20

520 _a

for 1=0:s-1

I20 a(i* (2*N)+1:1i* (2*N)+N)= 1*N+1 1*N+N ;

J20 a (i* (2*N)+1:1* (2*N)+N)= i (4*N+3)+4*N+1:i*(4*N+3)+5*N ;
S20 a (i* (2*N)+1:1* (2*N)+N)= -1 ;

J20 a (1i* (2*N)+N+1:1i* (2*N)+2* ) 1* (4*N+3) +5*N+3;

I20 a(i* (2*N)+N+1:1* (2*N)+2*N)=1i*N+1:1i*N+N ;

S20 a (i* (2*N)+N+1:1i* (2*N)+2*N)=1;

end;

A20 a =sparse(I20_a,J20_a,s20 _a);
B20 a(l:s*N,1)= 0;

$20 b

for i=0:s-1

I20 b(i* (3*N)+1:1i* (3*N)+N)= 1i*N+1:1i*N+N ;
J20_b(i*(3*N)+1:i*(3*N)+N): 1* (4*N+3) +2*N+1:1* (4*N+3) +3*N ;
SZO_b(i*(3*N)+1:i*(3*N)+N): KK ;
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J20 b (i* (3*N)+N+1:1* (3*N)+2*N)= i* (4*N+3)+4*N+1:1i* (4*N+3)+5*N;
I20 b(i* (3*N)+N+1:1* (3*N)+2*N)=i*N+1:1i*N+N ;

S20 b (i* (3*N)+N+1:1* (3*N)+2*N)= -1;

J20 b (i* (3*N)+2*N+1:1* (3*N)+3*N)=1i* (4*N+3)+ 5*N+3;

I20 b(i* (3*N)+2*N+1:1* (3*N)+3*N)=1i*N+1:1i*N+N ;

S20 b (i* (3*N)+2*N+1:1i* (3*N)+3*N)=1;

end;

A20 b =sparse(I20 b,J20 b,S20 b);
B20 b(l:s*N,1)= KK;

%% Ghep cac ma tran

=[A8 a;A8 a;A9;A10;A1ll a;All b;Al3;A18;A19;A20 a;A20 b];
B=[B8 a;B8 b;B9;B10;B1l1 a;B1l1l b;B13;B18;B19;B20 a;B20 b];
return

C Tai liéu tham khao Under-Frequency Load Shedding Via Integer

Programming, IEEE Transactions on Power Systems, vol 27(3), 2012, pp1387-

1393.
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