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XAY DUNG TO HQOP PHAN MEM - THIET Bl MO PHONG
TiNH TOAN PHAN TiCH CHE DQ XAC LAP CUA
HE THONG PIEN

NGUYEN LAN TRANG

I.DAT VAN DE

Tinh toan, phan tich cic ché d6 cia hé théng dién (HTP) ndi chung va ché 46 xac lap
(CDXL) néi rigng, ¢ y nghia hét sirc quan trong trong cong tac thiét k& va van hanh. Chi sau
khi tinh toan, phan tich hang loat cac tinh hudng ché d6 khac nhau - & didu kién lam v1ec binh
thuo’ng cung nhur trong cac diéu kién sur b, ngudyi thiét ké hé thong méi c6 thé dua ra quyet dinh
cuoi cung vé lya chon phuong an. Trong thiét ké dai han kh01 hrong tinh toén s& rit 16n néu xét
dén day da moi phuong an can quan tdm. Trong vén hanh, chu triuc hé thong d3 xac dinh nhung
56 hrgng tinh huéng cin can thiép, x( 1i lai dién ra thudng xuyén, vi thé cong viée tinh toan phan
tich hé thong vén dm hoi rat nhicu, dong thoi con yeu cau phai di nhanh, kip thoi, dé co thé dua
ra duge nhitng quyét dinh dung dan gan voi giai phap t6i wu cho mdi truong hep cu thé. Co
nhu'ng cach khéc nhau dugc ap dung nhim giam bét khéi lugng tinh todn (nhur 1iét ké cac tinh

#hudng dién hinh, suy dién tuong quan, phén tich giéi han ..). Nhimg phuong phép ndy c6 thé
dem lai hig¢u qua dang ké nhung s6 phuong 4n dugc xét vén bi han ché va c6 thé dé "lot lusi”
tinh huéng, bé sét phurong 4n 1 ra phai duoc quan tam.

Y tudmg @8 xudt xay dung 15 hop phan mém - thlet bi mo phong phén tich ché 45 cia HTP
cling khong c6 gi khac ngoai mong muon néng cao glp bdi higu qua thwe hién cac tinh todn phén
tich ché d¢ cha HTD nhv d3 néu & trén.

II. CAU TRUC TO HQP PHAN MEM - THIET BI MO PHONG HTD

My tinh trao dbi thong tin qua cdng nbi vai hé thong céc thiét bi vat li bén ngoai dang hoat
dong (c6 ngudn nang lugng cung cap, tao ra cac thong tin trang thai c6 thé do duge, hinh 1).
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Hinh 1. Cu tao chung ciia thidt bi mé phong



Trong trudmg hgp chung, thiét bj bén ngoai c6 thé bao gdm céc phén tir thuc hoic mé hinh
vét li (hodc ca 2). Cac dai hrgng thé hién thong sb trang thai phén tir ¢ thé do dugc bao gbm
dién ap, dong dién, 4p snit, nhiét d, dé dich chuyén... Mdi phan tir hoat dong trong thai gian
thuc c6 tinh doc ldp twong dbi bdi ngudn ning luong riéng cia minh, nhung toan bd hé thong
mo phéng (méy tinh va cac thiét bi vat i) hoat dong théng nhit bai qua trinh trao dbi thong tin.
Muc dich cudi ciing 1a md phong dung cac qué trinh quan tAm trong hé théng dién cn nghién ciru.

Khé khin chinh khi xay dyng, ap dung h¢ théng md phong nam trong ky thuat xir 1i va trao
dbi thong tin. Do 1a vi cac thiét bi khac nhau co ban vé an dung hoat dong dién ra trong, thoi
gian thyc, lai phai thong nhat dong bd bai qua trinh trao déi thong tin. Cac thiét b vat li (phan tir
thuc hoac mé hinh) hoat dong bdi ngudn nang lugng lon, thay dbi trang thai nhanh theo thong
tin diéu khién. May tinh thuong mé phong phan hé théng phirc tap biéu dién bing mé hinh toan,
dé xac dinh thong tin trang thai cac phan tr cén thye hién qua trinh tinh toan nhanh va dam bao
d6 chinh xac theo yéu cdu vao thoi diém trao d6i thong tin. RS rang kha ning va higu qua md
phéng phy thude chinh boi phuong phép tinh todn va xir 1i thdng tin bing mdy tinh. M6 phong
qua trinh dién bién cang nhanh (trong th&i gian thuc) cang doi héi nhitng phirong phap tinh toan
dac biét.

V6i nhitng muc dich sir dung khac nhau nguoi ta di tao ra cac thiét bj mé phong rit da
dang, nhu nhiing trudng hop riéng cia nguyén li co ban néu trén [4, 5, 6, 9]. Trong khudn khd
mdt dé tai NCKH cép bo [10] ching t6i da dé xuét mét phuong an don gian nhit cia thiét bi md
phong, ciing co thé chi nén goi 13 t& hop phin mém - mé hinh vat li dé sir dung trong tinh toan
phan tich ché do ciia HTD. Hinh 2 thé hién thyc chét ctia td hop tinh toan noi trén.
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Ngudi st dung

C6 thé hiéu 6 hop thiét bj ch1 nhir 13 viée tao thém thiét bj ngoai vi cho may tinh (nhu
chudt chuyén dung cua cac phan mém trd choi). O mirc cao hon, nguoi ta cung thudmg tao ra cac
thiét bj ngoai vi cho phép mé _phong qua trinh diéu khién tap ial 6 16, lai may bay, ban sung v.v.
Trong phuong an xay dung ) ho*p tinh todn ché &6 HTD, bing viéc tao thém mo hinh vat i va
ban diéu khién (c6 hodc khong cé bang so do dong HTD kém theo), di tao ra kha nang 1on cho
viéc thay d6i hang loat dir lleu théng qua cbng ndi A/D. Néu nhu trude day cach truy cép dir



iiéu duy nhit duge thye hién thong qua ban phim va chudt (dudng chém cham) thi gio ddy chu
yéu théng qua mé hinh va ban didu khién. Ngoa1 ra, bang so dd dong hé théng va man hinh db
hoa dugc phat trién mé ta & mirc cao (hién thi hau hét cac théng tin) cho phép con nguoi theo
d3i trirc quan va phian tich nhanh hang loat két qua.

Hinh 3 m ta céu tric hoat dong va qua trinh trao dbi thong tin trong thiét bj. C6 thé thay
céc hoat dong tinh toan va trao d6i thong tin kha phirc tap trong t5 hop cé su tham gia on-line
clia con ngudi.
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Hinh 3. Trao d6i thong tin trong thi€t bi m& phong

Khai dong theo chu ki, doc cdng, tinh toan CDXL, hién thi la chu trinh chd yéu cia t6 hop.
Néu khong c6 thém tac dong nao (khdi dong theo sy kién) thi két qué quan sat duge chi lp di
Hip lai cia mot ché d8. Thao tac dong cit (phim) tir ban diéu khién, diéu chinh (num xoay) trén
ban diéu khién s& cho phép thay do thong tin tinh hudng (thém vao, bat di cac phén tir lam viéc
trong so do, thay dbi mirc cong suit phat cac nguon lam bién thién phu tai ... ) cdc hién thj s& la
hang loat cac ché d ndi tiép co thé quan sat. Vi toc do truy cap va tinh toan hién nay cia may
tinh, két qua hién thi gén nhu ddng thdi véi tac dong (1 — 2 sec). Cac két qué-tinh toan hién thi
trén so dd (bang sb, bang mau) giup nguoi sir dung o thé phan tich nhanh tritc quan nhiéu ndi
dung nghién ciru. Vi dy, 1am bién thién phu tai cac nit theo biéu db phu tai ngay (24 gio) bang
mét nim diéu chinh thi mau cac nhanh dudng day s& thay d6i theo hé sb mang tai. Co the biét
duge trang thai lam vige cda so db trong mot ngdy dém, phat hién cac dudmg day cé mot sd gio
qua tai (mau do ruc), mot s6 duomg day luon lam viéc qua non tai sudt ngdy... C6 thé xem xét
nhanh mét ) lrgng Ién céc tinh huong s\ ¢o, nghi sira chira duong day (chi bang cac thao tac
dong cit trén ban diéu khién). Nhur vay nang sudt tinh toan ting 1én rat nhidu so vi céc tinh todn
théng thudmg. Nhiéu phén tich so sanh két qua ciing thuén 1gi hon.

ITL CAC GIAI PHAP KI THUAT THY'C HIEN TO HQP PHAN MEM -
THIET B] MO PHONG



1. Xdc dinh nhanh céc bién trang thai hé thong

Giai phap ki thut co ban nhit dé c6 thé xay dyng thanh céng t6 hep phin mém - th1et bi
md phong do 1a vige ph01 hep hoat d(;mg ctia mé hinh toan (chu ki tinh toan ctia phin mém phan
tich ché d6 HTD) véi téc db trao dbi théng tin (tir mé hinh vt 1i vao may tinh va tir két qua tinh
toan én man hinh d6 hoa). Trong khi d6 mdt trong nhitng dic diém cb hiru ciia mé hinh toén ché
dd cia HTD lai 14 hé cac phuong trinh dai s6 phi tuyén phirc tap. S6 bién cia hé thudng cé kich
c& vai nghin. Lo1i giai thuong chi cé thé nhén dugc nhd cic phuong phip lap (hién nay ap dung
phd bién nhét 1 phép 1ap Newton - Raphson). Thdi gian tinh tuong ddi dai, thuong can (] - 5)
sec cho mdt phu’cmg an ché d%. Giai phap dugc dua ra 14 4p dung phuong phap bién phan tham
s&. Thyc chét cha phuong phap nay ¢6 thé trinh biy nhur sau: Gia sir hé phuong trinh mé ta trang
thai hé thong c6 dang (téng quat):

Si(x%: %5500 %,, P) =0
X3 Xgyes X, 2)=0
S2 (5%, D) a.n
fn(xlsxza-"axnsp)zo
hay(viétgonhcn)' f,(x,,xz, wX,, P)=0; i=12,..,n

Trong d6 p la tham sb ché d6 (c6 thé chira nhiéu tham so) bo 1a cac thong sb hé thong
dugc xét c6 sy bién thién lién tyc. Khi tham sé bién thién mét lugng 1a Ap moi théng s trang
thai hé thong s& nhin gia tri m&i X'}, xac dinh dugce bai hé phuong trinh sau:

S0, %500, p+AP)=0
LX) %,0x,, p+AP)=0 o
f (xtsx2s =y n’p+Ap)_—0
Giai h¢ nay thye chat 14 tinh lai mét phuong an ché d6, thoi gian s& kéo dai. Phuong phap
bién phén tham s6 dé xuét tinh 11 giai nhanh theo biéu thirc gin ding cta chubi:

: 1
X, =x, +l,Ap+~5m,-(Ap)2 +. i=12,..,n. (1.2)

Thudmg chi cin xét dén s6 hang béc 2 cia chudi 13 du théa mén yeu cdu ve d6 chinh xac
(khi Ap nho). Cac hé sb bién phén co thé xac dinh tir cac hé phurong trinh dai s6 tuyén tinh dang sau:

Zﬁzﬁ-@:‘-_o ;

LT _

“n n 2 n 2

YLy aay Ly (13)
J= k=I axjaxk j=! axjaP ’

Cac hé phuong trinh nay cé thé dugc giai ghép chung ciing vai hé (1.1) hoic giai rleng Sau
budc cubi cung nhan dugc o1 glal cua (1 1). Ca(l. 1) va (1.3) déu chi giai véi mdt trj s6 da biét
{qua khir) cua p. Nho (1.2) ta c6 thé hién thj nhanh két qua tinh toan & nhiing gia tri trung glan
clia tham s p, trong khi (1.1) va (1.3) chi tinh v&i nhimg gia tri roi rac "lra thua” cla tham s
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nay. Khi thyc hign td hop tinh toén ché d6 x4c lap clia h¢ théng dién, can st dyng chinh cac mé
ta trong phan mém {mg dung cho hé (1.1), cling tir d6 thiét 13p thém (1.3).

2. Dinh vi cic thong sb dieu khién

Mt ndi dung quan trong khac 13 dinh vj thong tin diéu khién cho thiét bi mé phong. Cac
téc dong dic tru'ng cho sy thay dbi trang thai va hoat dong cua HTD la cac tic dong dong cit
(thay d6i so @) va sy bién thién lién tuc cia cac thong sb ché d6 (cong sudt phu tai, nguon ...}.
MO hinh vat 1i cho phép thyc hi¢n va dua ra cac thong tin diéu khién nay trén thlet bi m6 phong
la mot tap hop céc phim bam va nam xoay. S6 luong cac phan tir nay xac dinh sb didu khién c6
the déng thai lam thay d6 tinh huong khao sit hé théng. Thiét bj mo phong da xay dyng bao
gbm 16 tac ddng rdi rac (phlm bam) va 8 tin hlq:u lién tyc (nim xoay), ndi chung du thdéa mén
céc yéu cAu nghlen ciru. Khi bit déu thurc hién cin "dinh nghia" (dmh vi} cdc thong tin ndy trong
ban tin ¢ phin mém c6 thé lién ket ding trong md hinh toan. Vi dy, téc ddng cua mét nim xoay
tity trudmg hop cé thé la cong sudt phat ciia mét nha may thay dbi, 1a bién thién cong sudt coa
mét phu tai nhu'ng cling 6 thé 13 sy bién thlen cdng sut tdng hé thong theo bidu dd... Tuong ty
c6 thé dinh vi cac phim bim cho cac méy cét khic nhau trén so db nghién ciru. Day ciing 12 mot
ndi dung phirc tap nhung rét cin thiét thuc hién cla cac chuyén gia thiét ké va tao iap t hop
phin mém - thiét bi mé phéng.

IV.MOT SO KET QUA UNG DUNG THIET BI MO PHONG

Nhu d3 trinh bay trén, do co kha ning tinh toan nhanh hang loat cic ché d9 1am viéc cia

HTD nén té hgp phin mém - thiét bj mo phong rét thich hep cho nhitng ndi dung nghién ciru cac

Jhen bién trong nhirng qua trinh phirc tap. Vi dy dién bién din dén mét 6n dinh hé thong khi vén

hanh ndng qua cao cong suat trén céc dudmg day lién két h¢ théng, do tim cac tinh huong nguy

hiém khi thay ddi théng s6 van hanh... Bude diu img dung tb hop thiét bi d4 cho thiy nhitg wu
diém ndi bét trong cac bai toan trén.

1. Mién vin hanh cho phép cia duing day 500 kV Biic Nam

Hg ting di¢n mién Bic |- H&thdng dién mién Trung —I Hé thdng di¢n midn Nam
= ] A |
VT 717 T oo
o 3 T h h‘;)n. uj)“ 35 ci) "‘;)Pmllm "N l i
e [SHDO

Hinh 4. So 6 hé thong tai dién 5000 kV Viét Nam

Hinh 4 duéi day thé hién so dd duong day 500 kV Béc-Nam 1a dbi tu'o’ng nghi€n citu cua
thi nghiém. Muc dich la nghlen ciru gioi han truyen tai cong sudt trén h¢ théng tai di¢n 500 kV
(tir Béc vao Nam) S& rat khé tim dugc ché db gigi han néu sir dung tuan tuy phan mém phan
tich ché 49 xac lgp HTD, ngay cé chi vm mét kich ban bién thién thong s ché do (1am thay dbi
cong suit tac dung va phan khang truyén tai trén dudng day).
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Trong thi nghi¢m sir dung thlet bi m6 phong, hai bién trd trén ban diéu khién duoc dinh vj
thong tin dé thay ddi téng céng suat tai khu vuc phia Nam. Nhur vy, bang céch diéu chinh céc
bién tro, ta s& thay dbi dugc tri sé cong suit téc dung va phan khang truyen tai trén duong day.
Dé dang tim duoc gidi han cong suét truyén

700 tai theo diéu kién 6n dinh tinh twong img

] v6i mdt phuong 4n (kich ban) da cho, vi du

800 1 thay d6i ddng thoi cong suit tic dung va

500 | phéan khang, gilr nguyén cose.
400 Tir két qua thye hién theo cac kich ban
- khac nhau, ta v& dugc mién lam viée cho
a 3001 phép cia dudng diy theo diéu kién én dinh
200 - tinh nhu trén hinh 4. Mién giGi han cong
100 . sudt xdy dyng dugc & trén c6 thé ding lam
co s¢ xac dinh quy trinh vdn hanh cua

0

dudng day 500 kV Bac Nam, Dé thdy ring,

khi cOng sudt vé cdng truyén tai trén dudng

Q{MVAr) diy ting lén (ung v&i lic cosQ cia hé théng

Hinh 5. Mién én dinh nhin dién bi giam thap) gioi han truyen tai

_cong suit tac dung giam di dang ké. Trong

m&i thiri diém vén hanh c6 thé danh gia trang thai On dinh hé thdng bing cich quan sat diém lam

viée trén mit phing cong suat. Néu diém ndm gin véi dudng gidi han (du tri 6n dinh kém) can
phai nghi t&i cac bién phap xir i

0 100 200 300 400 500

2. Xac dinh 39 dy trir tbng hop cia hé thong (theo kich ban dién hinh)

Hinh 6 thé hién hién trang ludi dién 500 - 220 kV Viét Nam duge su dung dé tinh toag Dé
thuc h1¢n nghién ciru ndy trén t6 hgp phin mem thiét bi mé phong thuc chét chi la dinh vi cho
thay ddi téng cong suét hé théng (cac phu tai duoc gia thiét duge thay dbi cung ti 1, gi nguyén
cos@), con duge goi 1a kich ban dién hinh. Ché do gidi han (truée khi méat dn dinh hé thong)
dugc xdc dinh véi tong cong suit Py, = 11744 MW. Hé s6 dy trit tinh duoc theo céng thirc sau:

_ 11744 -10221
10221

Két qua trén duge thye hién véi ngay van hanh 24/5/2005 véi tong cong suat tai dang van

hanh 13 10221 MW. DE thiy do dy trir kha thap so v&i yéu ciu (chuin 14 20%).

100% =14,9%

V. KET LUAN

1. Viéc xay dung 5 hgp phin mém - thiét bj mo phong phén tich ché do cia h¢ théng dign
cho phép ning cao higu qua cia viéc tinh todn phan tich ché d§ xac 1ap cua hé thong dién.

2. V6i kha ning tinh toan nhanh cua t6 hgp ph;an mém - thiét bi mé phong i co thé ap
dung dé glal quyet nhiéu bai toan phirc tap lién quan dén viée tinh todn hang loat cac phuong an
ché d9, ndi riéng co thé xac dinh nhanh dugc mién van hanh cho phép cua dudng day 500 kV va
do du trir tdng hop cua hé théng dién phire tap.

3. T6 hop phin mém - thiét bi md phong da duge xay dung thanh céng & bd mon Hé thong
dién tmb’ng bai hoc Bach khoa Ha Néi, 8gop phén tich cye cho viée dao tao va nghién ciru khoa
hoc. Néu mé rong thém phin cimg ¢6 thé sir dung trye tidp tai cdc trung tim diéu do dé ning cao
hiéu qua diéu hanh hé théng dién.
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Hinh 6. So db hé thing dién 500/220 kV Viét Nam nm 2005
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SUMMARY ,
BUILDING A COMBINED HARDWARE — SOFTWARE SIMULATOR FOR
CALCULATIONS AND ANALYSIS OF THE POWER SYSTEM STEADY STATE

Calculation and analysis of the power system steady state has a great significance for
designing and operating the systems. This paper presents an applied method of a combined
hardware ~ software simulator, which proves to be a highly effective tool for calculating and
analysing the power system steady state, This method proves an increase of effect for calculation
and analysis of the power system states. The combined hardware — software simulator with the
ability of fast calculation can easily be used to find the permissible operating area of the 500 kV
line and to estimate the complicated power system stability margin. This methodology can be
used to develop a complete simulator for the dispatching centers to improve the power system
operation.

Dia chi; Nhan bai ngay 6 thang 6 nam 2006
Khoa Dién, Trudmg Dai hoc Bach khoa Ha Néi. ‘
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