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1. GIOI THI EU

« Ondinh quéado (transient stability) 1a khniang aia HTD duy tri ci¢ d6 déng
bo khi chiu tAcdong aia cac nhBu quado nghiém tong nhr s ¢b trén HT truygn
tai, mat may phat, hic mit phy tai 16n.

« Dapung aia HTD d6i véi cac nhéu nhr vay lién quandén daodong lon aia
goc rotor may phat, dong C8¢gn &p nat, va cac ém HT khéac.

« Néu géc trong dbi gitta cac may phat trong HTam trong géi han nhit
dinh, HT € duy tri ci¢ d6 dong k. Nguoc lai, HT s8 mat 6n dinh.

« Mat dong by do mit 6n dinh quédo, réu cé, § thé hién trong thyi gian tr 2
dén 3 giay sau khi din tacdong aia nhEu. Dodd, thyi gian mé plong dn thiét dé
x&cdinh khi ning 6n dinh quéado caa HT throng la 5 giay

» Trong chrong nay, cac §i dung sauiay £ dugc trinh bay:

- Minh hoa bin chit caa bai toaron dinh quéado
- Chi ra cac ¢u td anh hrong dén 6n dinh quédo
- Mb ta mé hinh HP va céc k thuat 4p ding trong phan tichn dinh qua
do.
2. CAC KHAI NI EM CO BAN VE ON PINH QUA PQ CUA HTPD

« Xét HTD don gian bao §m MF cung ép dién cho thanh gép vé cungn

théng qua it MBA va haiduong day trugn tai nhu sau:

| CCT | Ep
E, T 41 .
@) —~~ | X, # Infinite
NS/ r X, “ bus
X, NV
| CCT 2 '
Hinh 1

« Dé trinh bay cac khai ain va nguyén ly ¢ ban cia 6n dinh quado, xét mé

hinh #t don gian, trongdé MF duoc biéu dién bdi md hinh & dién, b quaanh
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huong aia b diéu thc MF vadién tro caa cac mch dién. So db thay tré coa HTD
trong trong hop nayduoc cho nhr sau:

Xl
g E, Xy [—th—)
MN——TN X,
P: ‘—fﬂ'\—— -
X
Hinh 2

bién apdat saudién khang quao (X'g) duoc ky hiu [aE’. Goc rotors la goc
E’ vuot truéc Eg. Khi HT bi tacdong aia nhéu, biéndd caa E’ dugc duy tri
khéngddi tai gid t truéc khi bi nhidu trong khidé gocsd thay déi khi tbc do
rotor MF kch khoi téc 6 dong b).

« M6 hinh HTD ¢6 tr duoc rat gon nhr sau:

Xr
| —N
| Pe E'=E+jXyl,,
EZS Ez 20 X, =X} +X,
Hinh 3
« CONg sdt dién dau ra cia MF:
E’Eﬁ ) )
P, = sind = P, sind
r (1)
Trongdod
Pma.x = EJEE
Hr (2)
3
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« Vi dién tro statordugc bo qua,P. biéu dién CS khe b khéng khi éng nhr
CS dau arc MF. Mdi quan k& CS-géc khi @ 2 BDDTT déu lam vic (I/S: In
Service)dugc cho i duong cong 6 1. HTP s 1am viéc ¢ diém a, ti d6 CS o,

P bing CSdién va géc rotortong tng 1a3..

P
b P, with both circuits 1/S
o
L 4 2) P, with circuit 2 O/S
| | 5
0 aa ﬁb 90° 180°

Hinh 4

« Néu mot trong haibDTT khong l1am véc (O/S: Out of Service)jién khang
tuong duong Xr S8 tang lén.Pudng dic tinh céng sit-goc € thaydoi thanh
duong cong 8 2 trén Hinh 4 trong6 CS ac dai giam xudong. Néu CS @ Py,
khéngddi, HT s lam viéc tai diém b wi goc rotor trong tng 143, 16n hon 8.

« Trong qua trinh du tdcdong aia nhéu, do léch Hc do (Aw, = dd/dt) rat bé so
véi toc 46 ddong b wo, dodo trong thrc t& co the xem bc d6 caa MF king e
d6 déng O (diéu nay khong cé ndgh 1a Hc do cua rotor MF khéngidi) va
trong k¢ don vi twong d6i mé men va coéng dtikhe R khéng khi Bng nhau.
Chinh vidiéu nay, trong pt dadong, md men va C8uoc sr dung thay tié
cho nhau. Pt chiéy dong haic pt daaddng c6 tié duoc viét nhr sau:

2
Ed ? = P _-P_ sind
W, dr- (3)
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Trongdoé
P CS @ dau vao,dvtd
Pmax CSdién du ra arc dai, dvtd
H: Hang $ quan tinh, MW.s/MVA
d: GOc rotor, radtién
t: Thoi gian, giay.
2.1. Pap &eng ddi véi sw thay déi cia cong siét co dau vao
« Xét truong hop ci hai mach BDTT déu lam vic va nhéu tacdong vao HT ¢
dang CS o dau vao thaydoi dot ngdt tir gid ti Pmo dén gié ti Py, Puong dic tinh
CS-gbc vatapung aia HT d6i véi sy thaydoi dot ngdt CS @ dugc cho dri day:

Py
P, =P, sind
Area
4, 4
Py ) d
ool a7 | i (a) Power-angle variations
ot : 8
[ 5
5“5[ Em .
0 ——— -5
N
PN
LA
\
AN
LN
LA .
}f” | (b) Rotor angle time response
{(s) | |
Hinh 5
5
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« Bandau, HT lam véc tai diém “a” véi Pe = Pmg Va goc rotor 18,. Khi CS @
tang dot ngot dén gid ti Py, HT < chuyén dén lam vic tai diém “b”, tai d6 P
= P, Va goc rotor 18,. Tuy nhién, do quén tinhia rotor, géc rotor khéng éh
thay doi tirc thoi tir gid ti bandau 8y dén §,. Tuong tng, diém lam visc khéng
thé thayddi tirc thoi tir “a” dén “b” ma < trai qua qua trinh qu# nhu sau:
- Khi cbng sit co ting dot ngot 1én gia ti Py, do goc rotor khoéng ¢h
thay d6i tic thoi nén \in giir gia ti bandau 1a &y, tai d6 CSdién (theo
duong dic tinh CS-goc) an giit gia ti Pe = Prg, N hon CS ©. Biéu nay
dan dén ar xuat hién md men (coéng 4t ting e tac ding Ién rotor.
- M6 men ting ¢ lam ting gdc rotort gia ti bandau §, d¢én gia ti twong
trng VGi diém can ting msi 8, doc theodic tinh CS-goc &i téc d6 16n hon
tbc d6 dong o (tbc d6 twong ddi duong) vadugce xacdinh i pt daodong.
Piém lam vic s thayddi tir “a” sang “b”.
- Tai “b”, mac du cong sit tang Hc bing khéng Pe = Py) nhung do
quéan tinh va &n toc rotor Vin con cao bin tbc do dong ko, rotor tép tuc
taing ©c. Khi géc rotor wot qua gia tr 3;, Pe 16n hon Py va rotor it dau
giam téc (nhrng Hc d6 twong ddi van duong). Biém lam vic s tién toi “c”.
- Tai “c”, tuy toc do rotor king tc d6 dong b (téc do twong ddi bing
khéng) nleng P > Py nén xit hién cong sét ham bc co tac dng lam
giam goc rotor i téc do thip hon t6c do ddng bH (téc do twong ddi 1a am).
Piém lam vic £ chuyén tir “c” sang “b”.
- Tai “b”, cdng suit ham tc bing khong P. = P,y) nhung do quan tinh va
van toc rotor thip hon t6c do dong bH, rotor tép tuc giam téc. Khi goc rotor
nho hon gia ti &;, P, nho hon Py va rotor kit dau ting tHc (nheng e do
van con thp hon tbc d6 dong H). HT < tién t6i diém lam vic “a”, tai do
téc do rotor king e do dong b va b do twong ddi bang khéng.
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- Qua trinh dp lai vadiém lam vic $ chuyén tir “a” sang “b” Bi dén “c”.
Rotor € daodong xung quankiiém can fing “b” véi biéndo khéngdoi nhu
duogc vé trong Hinh 5.
- Tuy nhién, trong thc t& do cé 6n thit, daodong aia rotor § tit dan va
HT s3 tién toi diém lam vic xac bp “b” sau ndt b chu ky daodong.
2.2. Tiéu chuan can bing dién tich (Equal-area Criterion)
« Dbi v6i md hinh & thong duoc xétd trén, ngroi ta khéng én giai pt dao
dong dé xacdinh goc rotor hac s taing v han haic daodong xung quanhivtri
can kng.
« Thong tin lién quardén daodong goc rotor gc dai (8,) va gisi han 6n dinh
c6 thé nhan duoc bing phrong phapdd thi s dung duong dic tinh cong sit-
goc nhr dugc cho trong Hinh 5.
« Mic du phrong phap nay khénduoc ap ding cho HT nhiu may phat iu
dién bsi md hinh chi tét, nheng no At hiru dung dé hiéu céac yu td anh hrong
dén 6n dinh quédo caa HTD bat ky.
« Tt pt (3), ta c6 rdi quan & giita goc rotor va CSihg Hce:

2 W
48 . Zop,-P)
de*  2H (4)

Vi P, la ham phi tugn cia §, nén, ndi chung, pt trén khdngethiai mot cach
truc tiép.
« Nhan hai ¢ cua (4) \6i 2d8/dt va bén doi ta $ c6:

,d6 d*s _ 9P, -P.) ds

dt di? H dt (5)

d[ds]? _ wo(P,~P) ds

dt| dt | H  dt ©)

Tich phan hai & s3 c6
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1 _
5 [

(7)
« Do léch e do (dd/dt) bandau 1a 0. TAc dng aia nhEu < 1am cho né thay
ddi. Déi véi ché @6 van hanhon dinh, do 1éch gbc rotor phi c6 givi han, ngha
la n6 ¢ dat dén gia ti cuc dai, saudd s thayddi chiéu, va sau khi HT btac
dong aia nhBu mot khaang thyi gian naodoé do léch e do (dé/dt) bing 0. Vi
vay, tir (7), tiéu chan 6n dinh c6 tié duoc viét:

8, @,
f (P, ~P,)db = 0
% (8)

ﬁ:}*mfa}da - fEPz—Pm}dtS =0
ﬁl

% (9)
O day, 5, va s, lan lugt 12 goc rotor badau va goc rotor gc dai.
bat
ﬁ]
E, = [(P,-P)ds = area 4,
% (10)
6#1
E, = [(P,-P,)ds = area 4,
& (11)

Trongdo, E; la ning lrong (@ ning) tich iy bai rotor trong qua trinhihg e

khi & thayddi tir 8, dén &,, va dén tich A, duoc goi 1a dién tich ting tc; E, 1a
nang lrong (@ nang) mit di trong qua trinh handt khi § thaydoi tir §; dén &y,

va dién tichA, dugc goi 1a dién tich haméc.

« Nhu vy diéu kién @& HT 6n dinh 1a ring lrong tich iy trong qua trinhang
tc phai bang ning lrong tiéu hao trong qué trinh hawct(bd qua tn thit).
Hay noi khaadi diéu kién 6n dinh 1a dén tich ting ¢ bing dién tich hdm dc.
Pay chinh |4 tiéu cHin can king dién tich (equal-area criterion), né cho phép

8
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xac dinh géc rotor gc dai (5,) va dodd xacdinh tinhén dinh cia HTD ma
khéng @n tinh toantaping theo thi gian théng qua ¥t giai pt daodong.
« Tiéu chdn aing co th duoc sr dung dé xacdinh do ting CS o cho phépdn
nhit ma HT \an 6n dinh. On dinh duoc duy tri réu dién tich A; nho hon haic
bang din tich bn nhit cé the c6 a@ia A.. Nguoc lai, néu dién tich A, 16n hon
dién tich kn nhit co th co aia A, khi & > 8, CS @ I6n hon CSdién lam cho
gocd tiép tuc ting va HT § mat 6n dinh.

2.3. Pap tng déi véi su ¢ ngan mach
« Xét trudng hyp ar ¢d ba phadi vi tri F trén mach truyén i tha 2 nhr duoc
cho trong hinh doi day:

Hinh 6

« Gia thuyét MF dugc biéu dién bsi mé hinh é dién, mach trong duong c6

dang nhr sau:
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* Sir ¢d duge x6a lBing cach M may dt ¢ 2 ddu mach b s ¢d, thoi gian cit

phu thupc vao thi gian Bio vé relay va thi gian cit caa may ét.

« VV6i dang sr ¢b cho trdc, CS tac dng aia MF trong ch d6 sr ¢6 phu thude
vao M trf sr ¢d. Néu ar ¢ ba pha #y ra i dau duong day trugn tai, CS tac
dung aia MF king 0. Neu vi tri sr ¢6 cAchdau guri cia mach truyén tai mot

khoang cach nado, CS tac dng aia MF < c6 gia ti nhit dinh.

« Trén Hinh 8 d¢i day & dic tinhPe-5 ang wi 3 ché d: (i) trudc ar ¢b (ca 2
duong daydéu 1am vic), (i) sy ¢d ngin mach 3 pha ky ra trénduong day i

vi tri cachdau duong day mdt khoang cach nadd, va (iii) sau 8 ¢d (mach 2
duoc cit ra). Hinh 8amg Wi thoi gian x6a g ¢b 1ty va HT 6n dinh quéado,

trong khido hinh 8bung Wi thoi gian x6a g ¢ dai hon (ty) va HT mit 6n

dinh. Trong @ 2 trong hop Py, duoc gia thiét 1a khéngdoi.

.lp"' A|:A2 .IP '4!}'42

P, - prefault P, - prefault

P, - postfault P, - postfault

ml P, - during Pl

P, - during

fault . : _ fault
3 # ; ; -5
-5
£ (s)1 |
(a) (b)
Hinh 8
10
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« Xét truong hop 6n dinh dugce cho trong Hinh 8a, qua trinh gdé xay ra nhr
sau:

- Trudc tién HT \an hanh i ca 2 duong day trugn tai déu lam vic sao
choP. =P, vad = 9,.

- Khi sy ¢d xay ra, do quan tinh nén goc rotor khéng thay doi tic thoi
néndiém lam vic chuyén tr “a” sang “b”.

- Tai “b”, do P, < Py, rotor &ing H¢ cho ti khi dat duoc diém lam vic “c”
tai d6 ar ¢d bi x6a king cach cdap mach b sy ¢d. Biém lam vic dich
chuyén dot ngot dén “d”.

- Tai “d”, Pe> Py, sinh ra mé men hanmd lam gim toc do rotor. Vi H¢ do
rotor I6n hon toc do dong b, gocs tiép tuc ting cho &i khi dong ring
tich Ky trong qua trinhing Hc chuyn hoa hoan toarbiém lam vic
chuyén tir “d” sang sang “e” sao chodti tichA, bang dién tichA,.

- Tai “e”, téc d6 bang ¢ do dong b va s dat gia ti cuc dai 8, Vi Pe van
lén hon Py, rotor tép tuc giam toc voi tdc do thap hon thc do dong bp.
Goc rotor ghm vadiém lam vic € dich chuygn doc theoduong dic tinh
P8 ung WGi ché do sau s ¢b. Gia ti cuc tiéu aia § duoc xacdinh theo
tiéu chdn can fing dién tichting Wi duong dic tinh sau s ¢b. Trong
truong hop bo qua it ca cac ngdn can diu, rotor tép tuc daodong Wi
biéndo khéngdai. Trong thrc t, do cé 6n thit nén rotor & daodong tit
dan va HT § dat duoc diém 1am vic moi. P6 chinh 1A giaaliém aia
duongdic tinh saus ¢6 vaduong thing P = Py,

« Khi sy ¢ duoc x6a clim hon nhr dugc thé hién trong Hinh 8b, @n tichA,
phia trénP, nhd hon A;. Khi diém lam vic dat dén diém “e”, dong ring tich
liy trong thi gian ting ©¢ chra chugn hdéa hoan toan, did tc do van lén
hon thc d6 dong b vas tiép tuc ting. Virgt quadiém “e”, P, > Py, va rotor Lt
dau ting e tro lai. Tdc do va goc rotor 8p tuc ting, din dén mat 6n dinh.

11
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2.4. CAc yéu t6 anh hwéng dén on dinh qua dd
* Mtrc 3o tai caa MF
« CoNg skt dau ra dia MF trong ch do sir ¢6. Piéu nay ph thubc vao v tri va
loai sy ¢d
« Thoi gian x6a g ¢b
« Dién khang & théng truyén tai sau s cd
» bién khang may phabién khang cang ”hCS arc dai cang bn va goc rotor
bandau cang nb
« Quan tinh MF. Quan tinh cang caés &6 thayddi géc cang bébiéu nay
lam gim dong ning tich fiy trong lGc & ¢, ngha laA; giam
» Biéndo dién 4p i cua MF E’)
* Biéndo dién ap d@a thanh gop vo cung (Eg)

3. CAC PHUONG PHAP TiCH PHAN SO
« Trong trong hyp hé thdng dién don gian va MFdugc biéu dién bing md
hinh @& dién nhr da trinh bays muc trén, véc phan tichon dinh cé ti¢ thuc
hién duoc bing phrong phapdd thi. Thuc €, HTD c6 du trac phirc tap, vadé
ting d6 chinh x&c, trong tdNg hyp tong quéat, MF va cac téti bi khacduogc
biéu dién bing mé hinh chi &t. Trong tong hop nay, plrong phéap thich dp
nhit ¢é phan tichon dinh [a md plng trong mén thoi gian: k& pheong trinh vi
phan phi tugn dugc giai bang phrong phap tich pharbdién tiép.
« Cac ptvpduoc giai trong phan tich quéo 1a ke ptvp throng phi tugn voi
cac gia tr bandau da biét c6 caing nhr sau:

dx

= =t 2

12
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Trongdo, x |a vector tang thai @an bién doc lap vat 1a bién thoi gian doc lap.
Muc dich ¢ day l1a tim ham theo #i giant cia x véi gid tri bandau tai thoi
diémt =ty lax = Xo.
3.1. Phwong phap Euler
« Xét ptvp Hic nhit;
j—': = fx,1) 13)
Vi X =Xgtal t =t
* Nguyén ly &p dng phrong phap Euledugc minh tpa trong hinh saday:

x ey M
['tue solution
oLl — Tangent
Ax
Xg[=—==" R — :
! f
i i
- Al -
| ! I -t
Iy 0
Hinh 9

e Tai X = Xo tai t = to, dwdng cong bdu dién nghém ocaa ptvp (13) c6 th duoc

Xap xi bai duong tiép tuyén caa nd cado doc

;,E = f(x{j!'rﬂ]
Fle=x (14)

Do do0,

13
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% (15)

e Giati ciaxtai t =t; =ty + At, ky hiéu lax,, dugccho i

‘At
vx (16)

X =xﬂ+1lx = X.+—

O di

1

« Sau khida co gia tr cua x;, twong thg Wi thoi diém t,, gia ti caa X i thoi

diémt, = t; + At duoc xacdinh nhr sau:

dx

= X . +—

At
2 1 s

X=X (17)

X

M6t cach trong tr, gia ti ciax tng wi cac thi diém khac nhaudsdugc xac
dinh.
« Phrong phéap Euler drsir dung dao ham Kc nhit nénduoc goi [a pp bic nhit.
Pé ting d6 chinh xac cho Bi budc, At phai bé. DBiéu nay § ting sai § l1am
tron, va ing thyi gian va kidi luong tinh toan.

3.2. Phwong phéap Euler cii tién
« Phrong phap Euler chin gay ra sai&do ch sir dung dao ham 4i thoi diém
dau aia mbi phandoan va ap dng cho toan phadoan. Phrong phap Euler &
tién khic phuc nhroc diém nay ng cach 8 dung gia ti trung binh da dao
ham ti 2 dau aia mdi phandoan.
« Phrong phap Euler baodgn 2 hroc:
(a) Bu6c dy doan (Predictor step).aBg cach & dung dao ham &i dau budc

tinh, gia ti bién x tai cudi budc tinhduoc dy doan:
x{ = -"‘-’n*ﬁ ‘At
dt X=Xy (18)
14
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(b) Buéc hiéu chinh (Corrector step). #1g cach 8 dung gia ti du doana trén,
dao ham 4i cudi budc tinhduoc xacdinh tr d6 xacdinh gia ti trung binh

cuadao hamduoc Sr dung dé tinh gia ti hiéu chinh aia bén x:
xlc - xﬂ + l dx + E At
.I.’=.1‘0 dr x=.:f

(19)

2| dt
3.3. Phwong phap Runge-Kutta (R-K)
* Phrong phap R-K Bc hai
- Giéa tri cha bén x tai thoi diémt = ty+At dugc xacdinh
k, +k,
2 (20)

X

= Xp+Ax - Xy +

1

Trongdo
k, = fl(x,,t,)At

k, = fxq+k,,t,+At)At (21)

- Phrong phéap nayuong duong V6i viéc xétdén dao ham Kc nhit va bic
hai trong chdi Taylor; sai  cip At°.
- Dang ©ng quétdé xacdinh gié ti bién x cho hréc thir (n+1) 14
k +
xm-l = ‘xn+ l k2
2 (22)

Trongdod
k, = f(x,.t)At
ky, = f(x +k,,t +Af)At (23)
« Phrong phap R-K Bc 4. Cong tlic tong quéat xaalinh gia ti bién x tai budc
(n+1):

X

n+l

1
= x +—(k,+2k,+2k,+k,)
6 1 k! 3 4 (24)
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Trongdod
k, = f(x,.t,)At

i

k| At
= X +—,I +—
% fl'. n 2 H 2

At

rr
k At
k, = flx +=,t +==|At
3 fl‘lﬂ 2 ] 2]

ky = fx,*ky,t, +AD)AL (24)

3.4. Phwong phap tich phanan (implicit integration method)
» Xét ptvp:
9X  fa,ny
dt (26)
Vi X =X tal t =t,.

« Nghiém x tai thoi diémt =t, =ty + At c6 thé duoc biéu dién nhr sau:
Iy (27)
« Tich phan trong (27) c6 itugc xacdinh dra vao ldt hinh thang nir sau

Sx) ¢
ﬂxﬂ:-lr?) ﬂxhrl}

At —=
Hinh 10
16

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

% = %t 2 L futy) G2, 1)

« CONg thirc thng quéatdé xacdinh gia ti cia X i t = ty,q:

X, = x;—ﬂg[ﬂ.r,,,z,,>+ﬂx,m,:,,+l)1

(28)

(29)

o Tir (29) tHiy ring x.+1 Xuat hién ¢ ca 2 vé ciaa phrong trinh, dadé phrong

trinh an phai duoc giai dé xacdinh gia ti ciaXo.1.

4. MO PHONG PAP UNG PONG CUA HTD

4.1. Cau tric ciaa md hinh HTD

« Phan tichbn dinh quéado caa HTD lién quandén viéc tinh toAndap ttng dong
phi tuyén cia HTD di vai cac nhéu I6n, theong 1a s ¢d trén mang truyén

tai, theo sau bi sy cd Bp phin tir sy ¢d dudi thcdong aia bio vé relay.

« Céu tric Hng quat éa mé hinh HP dugc sr dung dé phan tichon dinh quéa
d6 dugc mo & baoi hinh drai day:

————————————————————

I E ¥
! !
| | Stator equations and | £ £ | '
i axes transformation | [, J, ' Transmission i } Other generators
s network I‘
T T | | equations L } Y
L T4+ 1 1 | includin L otors
. || Generator =t | | | satic loads |
' |l rotor circuit __{| EXcration | |
! equations system :i ; __._f Other dynamic
! q e | s } devices, e.g.,
| H] :
' || Acceleration or __||Prime mover|| | | I HVDC, SVC
| || swing equation governor P l
e O ]
Individual machine Common reference
reference frame: d-g frame: R-/
Hinh 11
* Cac phrong trinhdai sb ** Cac phrong trinh vi phan
17
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« CAu trac @ia md hinh trénuong tr nhu cau tric dia mé hinhtuwgc sr dung dé
phan tichon dinh tin héu bé, tuy nhién trong phan tiém dinh quado céc
phuong trinh phi tugn duoc giai. Ngoai ra, tinh khéng liénut 16n do sr ¢b
vadong ¢t mach dién va tinh khéng liényt nh do sr gidi han cia cac bin
hé théng ding dugc ké dén trong md hinh nay. Ngoai céc théng tin lién quan
dén 6n dinh, cac bin khac nix dién &p nat, dong céng &unhanh va s lam
viéc aia e théng bao vé relay ding dugc quan tam.

« Ciu triic Hng quéat éa HTD bao @m mé hinh éa céc phn tr sauday:

- May phatdién ddng bo, va ré thong kich thich vatong @ so cip
- Mang truyén tai lién két ké ca cac &i tinh

- Tai dong @ dong bH va am tng

- Céc thét bj khac nle HVDC va FACTS

« M6 hinhduoc sr dung cho ndi phan tir phai thich hyp voi bai toan phan tich
6n dinh quado, va cac phong trinh HT pli duogc sip xép dudi dang thich
hop dé &p ding cac plrong phap 8.

« M hinh toan @a toan b HT trong phan ticton dinh quado 1a tip cac
phuong trinh vi phan thong va cac phiong trinhdai sd clng \6i gia tri ban
dau da bén acia cac bén he thong.

4.2. Biéu dién cia may phéatdién dong bo

« M hinh toan géa may phattién déng b dung trong phan ticbn dinh quédo
la tip cAc plrong trinh vi phan vatai sb, trongdoé thoi gian duogc tinh kHing
giay, goc rotor tinh dng radiandién va caatai luong khacduoc tinh trong B

dvtd. M6 hinhdugc xay drng trén o so mach dién twrong duong sauiay:

18
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o—dtF T — L
‘ / L 3t [ | Lig 3L,
Wy Wad ‘{‘rm's R % Wag g Lm;:c
fid
\ Ria \ Rig <Ry,
Hinh 12
« Phrong trinh chugn déng:
1
phw, = —(T,~T,-Ky00,)
pé = 0jAw, (30)
Trongdo:
0o = 2rfy, raddién/s
Ao, = dd léch Hc do rotor,dvtd
p = toan tr dao hamd/dt
* Phrong trinh mach rotor:
PV = @oléy {lpmd wﬁ)RﬁJ
{
P¥y = m{:- Yo w]d]R
"III lifi
v 1|;
P¥,y, = [ “ ”]qu
“ (31)

Tur thdng méc vonguiong 1 truc d va adugc cho nhr sau

19
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Voi = LoglatLoagitLogiyy

|
s

-
8
I
g
3
——
-Eah
+
b~

(32)
Trongdo

s~ 1 1 1
+ +
I‘aqs Ll q qu (33)

O day Lags VA Lags 1A cac gid frbao hoa @adién am tuong hd duoc xacdinh

nhu sau

= K_-rdLm

ads

Ly =K L, (34)

Vi Kgg va Kgq dugce tinh trén o sy ching la cac hambscaa tr théng moc
vong khe & khong Khiy .

* Phrong trinhdién ap stator. B qua qua trinh qudd trong nach stator g,
Py, Va sr thayddi cia e do (w/wo), phrong trinhdién ap mach statorduoc

viét nhu sau:

“R,i,+(@L})i, +E]

m
|

- Ry (BL))i, E] @34)

Vi
20
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E'; = a]L;dg .w."_ﬁ+ h]
Ly Ly

Lj = L+L,

L' = L+L",

(35)

Vi bé qua @ thay doi toc do duoc bd qua néno = /o, =1, dodd trong phrong

trinh (34) c6 th thay oL, = X; vaol, = X,.

Phrong trinh tréndugc viét trong & quy chéu d-q @a trng may phat riénggl

quaydong b véi rotor cia n6.Dé giai hé pheong trinh @a mang lién Kt, he quy

chiéu chung cho toan #ng dién R-l1 quayddng b s5 duoc ar dung. Sr lién ke

gitta cac k& quy chéu va phép l8in doi cacdai luong tir hé quy chéu nay sang &

quy chiu khac nlx sau:

fjl.
q
E,| E
e, o,
ll'ull I .-d"’fr?
. — €4
0 .
Ep R
Hinh 13
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ed=ERsinﬁ—E_,:nsa
e, :Efsinﬁ +E cosd
}:'.'!E =e, sind +eqc0ﬂsﬁ

E, =e sind -e,cosd (36)

Ap dung phép Hin déi (36) cho cadlai luong trong plrong trinh (34), ta c6

E,l [-Rex Xg |[L] [E}
= +

E.*J _X!R "Rn I, Ef (37)
Trongdod

Rp = (X -X”)sind cosd +R,

R, = (,X:—X;)sinﬁcosﬁ+Ra

Xp = Xjcos’d +Xq"sinﬂﬁ

Xp = X/sin®8 +X:c051¢5 (38)
Céc thanh pdn ciadién &p i (bén trong may phat):

Eg = Ejsind+E] cosd

E = E!sin-E} cosd (39)

Néu dac tinh arc 16i siéu quéatdp duoc b qua thiLy” =L,". Dodo

Rz = R, = R

RR ir a

Xg = Xpp = GLJ = XJ = X! = X"

22
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Trong tirdng hyp nayER” HE,” biéu dién dién &pdit sau dng tro siéu quatd
R.+jX” . May phatduoc biéu dién bsi mé hinh sautay:

j:l o EF IE:rr - ERIT-'FjEIH
f" f p i =y"E"
= " Y" = lfz.r.r

Hinh 14

« CoNg st tac ding va pln khang 4i diu cxc may phat:

P: = eyligre i,

Q, = e i;me,l (40)
* M6 men khe & khong khi:
Te = Lljd‘qr_ll"qfd
- q’radiq_'paqfd (41)
Do o =w/o, =1nén
Ta = Pe - }:F“r-'_R;;II-I:2 (42)
e Dongdién cwn kich thich trong &idvtd thuan nghich:
= ll'rfd_lljad
A
H (43)
« Dongdién dau ra @ia may kich thich trongéhivtd:
Ifd = Ladu*ﬁ (44)

23
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« Gia ti bandau aia cac bdn may phéatiuoc xacdinh king céch gii bai toan
phan 16 céng sat caa HT tirdc ar ¢

« M6 hinh may phat&dién va thanh gop v cungn: Trong teong hyp nay
thayXg = Xr=X4 ,E” =E’. GOc rotor la gocE’ vuot trudc truc R. Biéndd
E’ khdngddi trong st qué trinh tinh.

4.3. Biéu dién ciaa hé théng kich thich

« Bé minh hpa phrong phép xét &ithdng kich thich trong phan tiém dinh qua
d6, gia thiét hé théng kich thich théc loai ST1A ¢6 I diéu chinhdién ap tr
dong (AVR: Automatic Voltage Regulator) va bn dinh HTD (PSS: Power
System Stabilizer) nhdugc cho trong hinhebi day:

Terminal voltage Vref

transducer Exciter Ef max
—
p 1 Vi -~ .
£ [ 1+5T, L@_— Ky ﬁL L
® v @ E,
Ph ase ; 5 F min
Gain Washout compensation § ma
sT, 1+5T
.-'ﬁi(,l.‘-lr K’;‘T‘-’H —-n-----'-p!r—-" vj ‘ 1 -1-,3;\._..- L e
1+sT,, | 1+sT,
@ @ @ v.T min

Power system stabilizer
Hinh 15

Trongdo, ErmaxVa Epmin phu thupc vaodién apdau axc may phat, &) va dong

dién dau ra @ia may kich thichl{) duoc xacdinh nhr sau:

Fmax VRMEE_K:.'I_M
Etmin = ViminE: (45)
24
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e Tr khdi 1 Hinh 15, ta c6

1
pv, = FR(E,— v,)

o Tr khdi 3 va 4,

1
pv, = KepypPAw ——v,
TI-V

Trongdo pAw, dugc cho trong pt (30)
e Tt khéi 5,

1
pv, = F[Tlpvzwi—va]

2
Trongdo pw, dugc cho fr pt (47)

 Du ra @a b 6n dinh 1a

Vi vs thBadiéu kien gisi han

vsmr & v.!.' z vsmin

« Tir khdi 2, dién &pdau ra dia may kich thich 1a
E_H - KA [ Vref- Vit v.!.']
Véi Eyq thdadiéu kién gisi han
E

Fmax

> Eﬁ > Emm

* bién ap cwn kich thich may phét trong kivtd thuan nghch:

=
-

adu

« Gia tii bandau cua caodai lvong aia ke théng kich thich:

25
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d i
[ Rfd b
v, = E, v, =0 v, =0 (54)
Gia tii tham chéu aia AVR:
E
V v = i, Y
ré K
A 55{

4.4. Biéu dién cia mang dién truy én tai va tai

« QU4 trinh qué&o lién quandén mang truyén tai tat dan rat nhanh daio trong
nghién &u 6n dinh md hinh xacap cia mang truyén tii dugc sr dung. Dang
tién loi nhit dé biéu dién mangdién 1a caing sr dung ma tén tng din nat.

« Tai dong nhr dong @ cam eng vadong b duoc biéu diém bdi mé hinhdong
tvong tr nhu may phatong bo.

« Tai tinh Wi téng t khéngddi duoc biéu dién boi tdng din & dinh vaduoc
xem nhr la nhanh ¢a mang dién.

« Tai tinh phi tuyn duoc mé hinh nir 1a ham 8 mi haic da thic caa biéndo
dién ap nat vaan &, vaduoc xa Iy nhe 1a ngwn dong. Gia trcaa ngwn
dong la:

o P,-jQ,

L

Vi (56)

« Md hinh @ia mang truyén ti/tai bao gm cac plrong trinh & dung ma tén
tong din NGt Wi cau trdc trong tr nhe cu tric dia Hng din nltdugc st dung

trong bai toan phandcong sat. Phrong trinh ¢6 dng nhr sau:
I=YV (57)

26
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« M6 phong sr ¢d: Su ¢ tai hoic gin mjt ndt naodd dugc md plong ki sy
thay ddi tong din riéng @a natdo. Tuy the vao lai sy ¢d, tong din twong
duong thr ty nghich va thir tw khéng nhint vi tri s ¢6 S5 duoc tinh, Kt hop
thich hyp, va thém vao ga nat & ¢ va natdat. Piéu nay § thayddi tong
dan riéng Ga nat & cb. Riéngddi véi s ¢d ngin mach 3 pha,dng tw sy ¢6
bang khéng vadién thé caa nit s ¢d bang dién thé caa dat. Biéu nay co th
mé phong king céach Ai nat ar ¢d voi dat bang Hng din vé cung én, trong
thuc % thuong chon 1a 19dvtd véi CS @ ban 1a 100 MVA.

4.5. Phwong trinh cia toan hé théng

« Phuong trinh d¢ia nbi may phat va céc téli bi dong khac co thduoc biu
dién dudi dang sawiay:
Xy = fi(xg, Vo) (58)
I, = g(x;,Vy) (59)
Trongdoé
Xq4 1& vector tang thai @a céc thit bi riéng B
|4 12 vector bao @m phan thee (R) vaao (1) caa dongdién bom tir
thiét bi vao mang
V4 14 vector bao ¢m phin thec (R) vaao (1) ciadién ap nat.
« Phrong trinh toan HT, baodgn cac ptvp (58) chdit ca cac thét bi va cac pt
dai s phdi hop cho céc tidit bi va mang, duoc biéu dién dudi dang Hng
quét bao §m tp cac ptvp Bc nhit

x = f(x,V) (60)
va ip cac pidai sd
Ix,V) = Y,V 61)
véi tap cac gia trbandau cho tiréc cia cac bn (Xo, Vo).

Trongdé
X la vector tang thai dia HT
V la vectordién ap nut
| la vector dongtién bom vao mang.

Thoi giant khdng xt hién trong minh trong céc pt trén.
27
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4.6. Cac phwong phap gii cac phong trinh toan hé thong
4.6.1. Céch giai phan ly véi tich phan twong minh

« Ptdai sb va ptvpduogc giai tach bt nhau.bau tién, tit = 0, gia ti caa bén
trang thaix va cac bin mangdién V val dugc biét

« Sau khi b nhiéu, throng 1a s ¢d mang dién, bién trang thaix khong tte thay
d6i tac thoi. PTDS (61)duoc giai trudc dé tim gid ti caa V val, va dong
coéng st twong ung va cac ein khdng phi 1a bién trang thaiduoc quan tam
khac tit=0".

« Saudo, dao ham theo ti gian f(x,V) dugc tinh toan bng cach thay céac gia
tri da biét caax vaV vao pt (60). Cadai lugng naydugc sr dung dé giai
PTVP (61) ing cac plrong phéap tich pharbdudng minh.

4.6.2. Céach gii dong thoi véi tich phan an

« Bién trang thai va bin mang dién duoc giai dong thyi. Hay néi khaati PTVP
va PTDS duoc giai ddng thyi & tirng hude tinh.

* Gia thiét tai t =t,, X =X, vaV = V,. Loi giai ciax tai t = t,.; = t;+At duoc Xac
dinh king cach apehg luat hinh thangté giai pt (60):

X = x;%[f(xm,vm)+f(xn,vn)]

(62)
o Tu pt (61), nghdmV tai t =t..q 1
I(xn-rl ’Vn-ﬂ) = YNV‘n+l (63)
« Trong cac pt (62) va (63), vectay,, va V.1 la cac bén cin xacdinh. bat
At
F(K,m_ ivru. } = +] *p _[f{xnf svn+ }+f(X“,Vn:l]
1 1 X~ X 2 I 1 (64)
va
G(x,., V) = YW - 1(x.,, V) (65)

* \/ector Xn:1 Va V.1 dugc xacdinh bing céch gii hé pt:

28
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F(x, .,V .,)=0

G(x,,,V¥,.,) =0

(66)
« Hé PTDS (66) la # PTDS phi tuy¥n duoc giai bang cac prong phap & nhu
Newton-Rapson. Trondé gia ti bandau aia cac bén dugc chon la gia ti

cua chungy budc trudce.
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5. PHUONG PHAP TRUC TIEP PHAN TiCH ON PINH QUA PO
 Phrong phap tirc tiép phan tickbn dinh HTD khéng én phai giai hé PTVP.
« Phrong phap nayisdung ring lrong quéado dé danh gidon dinh quéado.
« L& treong hop dic biét caa phrong phap tir hai hdic phrong phap tirc tiép
cua Lyapunov.

5.1. M6 ta phwong phap ham ning lweng qua dé
a.Khdo sat terong hep qui banh kin trén mat bén trong @a cai t6
« Phrong phap ang krong quado co thé dugc md & bang cach kho sat qa

banh &n bén trong rit cai té6 nhr sau:

SEP
Hinh 16

« Mit bén trong t6 Bu dién vingon dinh, ving bén ngoai td &i dién ving
khéngdn dinh.

« Vanh t6 c6 hinh ghg khdngdong déu vi thé cacdiém khac nhau cdo cao
khac nhau.

« Bandau qua banh @m ¢ day t6 va tang thai nayduoc goi 1a diém can ng
on dinh (SEP: Stable Equilibrium Point).

« Khi qua banhdugc truyen mot dong ring, né § lan trén nit bén trong ¢a

cai to theo gt huéng naodo.
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« Vi trf qua banh § ding phu thusc vao trong ddng ning bandau truyén vao
no.

« Néu gqui banh chugn hoa toan & dong ring thanh th ning tréc khi dén
vanh to, n6 &lan tro lai va cudi cung € ding li tai diém cang Bng on dinh,
Nguoc lai, néu dong ring bandau truyén cho qa banhdu 16n, n6é § vuot
qua vanh td vassdi vao vung khéndn dinh va § khdng to lai diém cang
bang 6n dinh.

« Mit bén trong céi té bu dién mit thé ning, va vanh td Bu dién mat gioi
han thé ning (PEBS: potential energy boundary surface).

« Dé xacdinh qu banh cddi vao vang khdngn dinh khéng, hadtai luong sau
day dn xacdinh:

(a)Pong ring bandau truyén cho qa banh
(b) B6 cao @a vanh té 4i diém giao nhau &a vanh té va tong
chuyén dong bandau cia qu banh.

b. Ap dung cho HTP

« Co sy ciia viéc ap ding phrong phap TERté phan tichon dinh HTD tuong
tu nhu truong hop gua banh &n trén nat bén trong ga cai to.

« Bandau HT van hanh 4i diém can ling 6n dinh. Néu ar ¢b xay ra,diém can
bang ki pha & va may phating tc. HTD 3 tich iy dong ning va tté ning
trong thyi gian sr ¢6 va HT € dich chugn khoi SEP. Sau khiwscd dugc Git.
dong ning € chuyén hda thanh thning trong tr nhr truong hop qui banh
lan trén nat thé nang. Bé tranh nat 6n dinh HT phii c6 kha ning Hp thu
dong ring tai thoi diém cac trc tAcdong vao cac may phéat cé khuynidmg
mang ching én toi diém can Bng msi. Diéu nay ph thuc vao kh ning

hip thu ti¢ ning aia HT sau s ¢b. Véi ciu hinh d¢ia HT sau s ¢ da biét,
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tdn tai gia tri cuc dai hodc toi han aia ning lrong quadéo ma HT ¢ th hap
thu. Dod6 danh gidon dinh quéado doi hoi:
(@Ham $ mo & day du nang lrong quado lién quandén viéc tach not
hoic nhu may phéattdng b khoi phan con hi caa HT,
(b)Viéc udc lwong ning hrong i han doi hoi dé cac may phat at dong bb.
« Ddi v6i HT 2 may, ring lrong ©i han duge xacdinh duy nft, va viéc phan
tich 6n dinh trén o s TEF trong tr nhu tiéu chdn can Bing dén tich.biéu
naydugc minh tpa trén Hinh 17.
Trong Hinh 17(b), gécat téi han (8. duoc xacdinh king cach can ing
dién tich Al va A2.
Hinh 17(c) minh ba phrong phap #ing hrong quéds duoc dungdé xacdinh
goc ¢t t6i han dudi dang dong ning va tté nang. Bong ning tich fiy trong
thoi gian sr ¢ duoc odng vao th niang ki goc rotor trong tng, va éng nay
duoc so sanh & thé nang i han dé xacdinh én dinh.
Trang thdi ciia HT tai thoi diém cdt sw ¢d (Xc1) cé thé dwoc mé td bdi gid tri cia
ham ning lwong xdc dinh tai Xc, V(xc). Phwong phdp trwc tiép gidi bai téan 6n

dinh bang cdch so sdnh V(Xci) véi ndng lwong téi han Ver. HT 6n dinh néu V(x.1)
nhé hon Ver. Pai lwong Ve, - V(Xc1) dwoc goi la do dw triv 6n dinh.
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(c) Energy-angle relationships

Hinh 17
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5.2. Ap dung cho HTP thuec té
« Viéc &p ding phrong phéap tirc tiép cho HD thuc & gap mot sb kho khin,
do d6 cn cé cac gi thiét nhim don gian héa md hinh HD, trongd6é may
phatduoc biéu dién boi mé hinh é dién va #i dugc biéu dién boi tong tr
khéng d6i. Gan day c6 nét s6 nghién ¢u dé mo rong viéc ap ding aia
phuong phap nay cho cac mé hinh cht.ti
« Néu ma tén tong din nut @a HT dugc thanh 4p cé K dén dién khang qué
d6 cia may phap vadhg trs khdngddi cua ti, mdi quan 1§ gitra vector dong
dién vadién ap i cia cac may phat codhdién ta boi phuong trinh:
I; = Y Eg (67)
Trong do, | va Eg la vector dongiién va vectordién ap i caia may phat;
Yk & ma tén tng din nat rat @n véi cac nat khéng pdi nit may phata
duogc khi.

» Goi dién ap i caia may phat thi la
E =E/b,
PHin tr hangi cotj cia ma thn Yy 1a
Vi = Gu + jBI.j
 V6i HT c6n may phat, cong dtitdc ding phat ra ¢a may phat thi &

P, = Re(E 1))

e =

= [

= Re(E,Y_ ¥, q)

=

EfGl.er E,E (B, ;sin(5,-5,)+G,;cos(8,-8,))
Jei (68)
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« Dé ap ding phrong phap TEF, troc hét nguoi ta dua ra khai dm tam quén
tinh (COI: centre of inertia). Mri cia tdm quéan tinhi@ #t ca cAc may phat

dugc xacdinh nhr sau:

l I}
b corér 3 HiB,
rici (69)
Trongdé, Hr 1a thng cac Bing $ quan tinh éan may phat trong HT
« Chuyén dong aia COlduogc xacdinh hyi 2 pt sau:
2Hp(Awco) = Pogy = Y (P P,)
i-1 (70)
P = (Awgg)wg (71)
Vi
P, =P mi'_EEEG;':' (72)
P, =) [Csin(8,-8)+D,(8,8))]
<
joi (73)
Trongdo,

Pmi: CONg sat co dau vao éia may phat th i
Cij = EiEjBij
Dij = EiEjGij

wo: Toc do dong ko, rad/s (radfién)
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Aocor: Do 1éch e d6 caa COIl so i téc do dong ko, dvtd

« Chuyén dong aia cadc may phat soéivtam quéan tinhduoc biéu dién bing

cachdinh ngha

Bi- = ﬁf_ﬁcﬂf rad (74)
6, 8, A ]
w, = — = |—-Aw pu
m{; mﬂ col (75)
« Phrong trinh chugn caa may phat thi trong & quy chéu COI 14
H
2H,p(w,) = P~P,~— Py
Hr (76)
p®,) = 0w, (77)

O day, w; 1a toc d6 cia may phat thi so i COl, dvtd

e Ham ning lrong V mé & ning lrong quéado cua todn HT sauwscd duoc

dinh ngha nhr sau:

V- %Z Jw2-Y P (6,-6)
i=1 i=1

n-1 n [ 6,48, ‘i
-Y ¥ |C,y(cos8,;~cos8})) - f D, cos6,.d(6,+6,)
S 78)

Trongdo:
0;% goc dila may phat thi ¢ ché d6 cang ling 6n dinh sau s ¢

Ji = 2Himo: MG men quan tinhia may phat thi, dvtd
36
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« Ham ring rong quéado bao @m bin thanh phn sauday:
(a) Su thayddi dong ning rotor ¢a tit ca cdc may phat trongétguy chéu COI:

lZJ!.mf
2

(b) Sy thaydéi thé nang rotor @a tt ca cAc may phat sosv COl:
P (6.-6))
(c) Su thaydéi nang leong tir trudng tich tit trong it ca cac nhanh:
YY.C,(cosB,~cosby)
(d)Su thayddi nang lrong tiéu tan trongit ca cac nhanh:

YYD cosB,d(6,+6,)

« Thanh pln thi nhit dugc goi l1a dong ning (Vi) 1& ham 6 caa ¢ do cua
cac may phat.

« Tong aia 3 thanh pin con hi dugc goi 1a thé nang (V,e 1a ham é cia goc
rotor aia cAc may phat.

« DAanh gi&n dinh quado bao @m cac rxdc sauday:

(1) Tinh toan #&ing lrong i han V,

(2)Tinh toan éng ring lrong HT i thoi diém cit s ¢ Vg

(3)Tinh toan chsb 6n dinh: Vg —Vg. HT 8 6n dinh réu chi s6 1a drong.

« M phong trong mén thoi gian duoc thec hién cho 6i thoi diém cit sr ¢b dé
xacdinh goc rotor vadic d6 cia cac may phat. Céti luong nayduoc dung

dé tinh Hng ning lrong aia HT i thoi diém cit sy ¢o.

37

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

 Tinh toanVy, tic 1a duong bao é@a vingon dinh, 1a hroc khé khin nhit
trong viéc ap ding phrong phap TEF. C6 nbii phrong phap xadinh V,,.da
dugc dé nghi, trongdé phrong phapdon gian nhat duoc trinh bay déi day.

Phuong phapdiém can lang khéngon dinh (UEP: Unstable Equilibrium Point)
gan nhit

« Viéc tinh toanv,, bao @m 2 hréc:

- Budc 1: Xacdinh #t ca cac UEPDiéu naydat dugc bing cach gii hé pt
mé t ché d6 xac Bp cia HT sau s ¢ bang phrong phap & véi cac gia
tri bandau khac nhaui@ goc phawadién ap nut.

- Buéc 2: Tinh toan té ning aia HT ti méi UEP nhin dugc ¢ budc 1.
Nang hrong i han 1a gia ti nho nhit cia tt ca cac tié nang tinh toand
cac UEP.

« Phrong phap nayon gian. Tuy nhién, &t qua tinh toan 4t dé dit, do chugn
dong aia HT dugc gia thuyét 14 hrdng i trang thai can Bng khéngdn dinh
c6 thé nang nhd nht.
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