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1. Pt van dé

Mot trong nhiing bai toan bao dam chiric nang tin cdy
clia hé thong cung cip dién nang 1a nghién ctru tinh bén viing
dong ciia cic may phat dién dong b lam viée song song khi
chiu sy tdc dong ciia cac nhiéu loan khac nhau tic dong 1én
hé théng [1; 3; 8]. Ché d6 lam viéc xéc lap cua mdy phat dién
ddng bo 1a ché do co su can bang cong suét gitra cong suét
cua may phat dién va cong suét tiéu thy cua tai. V6i hé thong
nguén dién da may phat dién dong bo 1am viéc song song thi
tinh ben virng dong lam viée ciing 1a sy can bang cong suat
gilta tong cong suat clia cac may phat dién ddng bo voi tong
cOng sudt tiéu thu dién nang cua tat ca cac tai. Dudi tac dong
ctia cac loai nhiéu loan khac nhau, trong hé théng s& phat
sinh qua trinh qué d9, qué trinh qua do nay co thé dan dén
pha v& sy 1am viéc song song bén viing cta cac may phat
dién ddng bo.

Trong céc loai nhiéu loan tic dong 1én hé thong ngudn
da may phat dién ddng bo thi cac loai nhiu loan nguy hiém
nhét, c6 thé ké ra la:

« hién twong ngin mach trong mang lui truyén tai
dién nang & dau ra ciia hé thdng ngudn da may phat dién dong
bo;

* phat sinh su mét can bang nghiém trong vé cong
suat cong suét tai tang vuot qua tong cong suét clia cac may
phat dién; v.v...

Céc nhiéu loan nay tac dong 1én hé thong ngudn da
may phat dién ddng bo s& gy ra mOt qua trinh qua do rat
nguy h1ern qua trinh nay can phai suy giam va duoc khong
ché vé thoi gian dién ra, cang ngin cang tbt va dugc thuc
hién ty dong hoa. Sau khi két thuc tac dong cua nhiéu loan,
trong trudng hop tinh bén vitng dong dugc giit nguyén thi hé
thong ngudn da may phat s& chuyén tiép dén mot ché d6 lam
viéc xéc 1ap tiép theo ngay khi qua trinh quéa do két thuc. Con
khi tinh bén virg dong ctia hé thong khong giit dugc khi xuat
hién qué trinh qua do thi hién nhién hé théng ngudn nay sé
khoéng hoat dong nira vdi cac tinh trang k¥ thuat khac nhau:
6 thé hong nang vé dién hodc co khi; hodc ca hai.

Nghién ciru tinh bén virg dong cia hé thong ngudn
da may phat dién ddng bd dudi tac dong cua cac nhiéu loan
nguy hiém 1a mét bai toan can c6 16i giai va dap an chinh xdc
dé phuc vu tdt cho thiét ké va van hanh loai hé thong nguon
dién nay. Mot didu hién nhién, néu sir dung va nghién ciru
phat trién tdt cac cong cu toan hoc c6 thé tmg dung dé co
dugc dap an cho bai toan nay thi c6 thé dugc coi 1a chinh xéac
va tin ciy nho ban chat cua toan hoc. Mot trong nhitng cong
cu toan hoc ¢ thé ung dung 1a ham vector Lyapunov v6i
xuét phat diém la phuong trinh chuyén dong quay nhiéu loan
clia rotor cac may dién dong b ngay sau khi tac dong nhidu
loan nguy hiém két thuc.

Giai bai toan v& bén ving dong cua hé thong ngudn
dién da may phat dién dong b0, co thé bang cach tich phan
s6 cac phwong trinh chuyén dong quay nhiéu loan cia rotor,
chung mé ta toan hoc cac chuyén dong quay cua cc rotor
may phét dién dong bd xay ra ngay sau khi tac dong nhidu
loan nguy hiém két thic. Cac diéu kién ban dau ctia phép tich
phan nay dugc xac dinh bang cach tinh toan qué trinh khan
nguy tai thoi diém két thiic tac dong nhidu loan.

Két qua cta phép tich phan sb: néu quy dao chuyén
ddng cua rotor may phat dién dong bd c6 xu hudng va roi
khoi mién hap dan quanh vi tri can bang bén ving clia may
phat dién (hoac cua hé thong da may phat) thi hoat dong cua
hé thong sé bi gian doan, tirc mét tinh bén viing dong vé su
lam viéc cua hé thong. Trén thuc te, su gian doan lam viéc
clia cic may phat dién dong bo c6 thé duoc theo dai thong

qua su khac biét vé cac g0c quay cua cac rotor may phat dién
dong bo: néu su khac biét ciia cac goc quay nay vuot qua mot
gi4 trj t6i han nhat dinh thi tinh bén virg dong cua cic may
phat dién ddng b sé bi gian doan.

Tuy nhién, tiéu chi danh gi4 tinh bén viing dong bang
su khac biét gia tri ciia cac goc quay cia cac rotor may phat
dién dong bo 1a mot tiéu chi khong thé dwoc coi la bat budc
khi phan tich tinh bén virng dong cua hé thong ngudn da may
phat do nhitng han ché vé yéu cau bat budc ctia né 1a khong
thuc sy nghiém ngat.

Pé giai bai toan nay, ngoai ‘phuong phap truyén théng
v6i d6 chinh xac khong cao, mdt so cong trinh khoa hoc [1; 3;
8] da st dung ham Lyapunov d¢ giai bai toan phan tich tinh
bén virng dong va dua ra dugc do du trir bén vitng dong cua hé
théng & muc woc tinh.

Trong qua trinh nghién ctru Gtng dung ham Lyapunov
dé phan tich tinh bén viing dong ctia hé théng da may phat dién
ddng bo, mot két qua co y nghia nhat 1a phat trién duoc mot
ham Lyapunov c6 thé st dung tot dé phan tich tinh bén viing
dong trong hé thong ning luong, nén chung t6i goi 1a Ham
nang luong Lyapunov (hay con goi la ham Lyapunov vo
huéng). Tuy nhién, nhuge diém cua cach tiép can ‘nay la phai
tim duoc mot tap cac diém lam viéc, ma tai cac diém d6 co sy
can bang cong suit nhung lai khong ¢6 tinh bén viing dong,
cac diém nay lai phai nam trong mié€n 1an cén xung quanh diém
lam viéc co su can bang cong suit va bén vimg dong. Diéu nay
doi hoi phai giai mot hé phuong trinh dai s6 phi tuyén tinh, nén
cuc ky kho khin véi sé lugng phép tinh toan kha 16n. Mot
phién ban don gian hon — phuong phap dién tich— duogc phat
trién trong [8], va duoc goi 1a phuong phap tuong dwong mot
may hodc phuong phap twong duong hai may. Tuy nhién, viéc
dua hé thdng da chiéu vé& hé thdng mot chidu, vé& co ban la
khong thuyét phuc.

Trong cac cong trinh [2; 4-6; 9; 10], dbi v6i cac hé
thong da chiéu 16n thi mot phuwong phap dwoc dé xuit 1a chia
hé thong da chiéu ¢& 16n thanh cac hé thong con, phuong phap
nay dua trén viéc str dung ham vector Lyapunov nén dugc goi
la phuong phap ham vector Lyapunov. Phuong phap nay chua
duogc st dung rong rai trong thuc té do tinh phtrc tap cao khi
hinh thirc hoa va thuét toan hoa hé théng ngudn da may phat
dién.

Muc dich ciia bai bao nay 14 trinh bay két qua kham pha
kha nang mg dung phuong phap ham vector Lyapunov dé
phan tich tinh bén vitng dong ciia hé thong ngudn da may phat
dién dong bo lam viéc song song, biét dugc sau vé tinh bén
vimg dong cua may phat dién dong bd, nodi riéng va cua hé
thong ngudn da may phat dién dong b, ndi chung, s& dam bao
vén hanh t6t cac hé thdng ngudn da may phat dién dong bo.

2. Muc tiéu va phuong phap nghién ciru
2.1. Muc tiéu nghién ciru

- Xem xét kha nang tmg dung ham vector Lyapunov dé
phan tich tinh bén vitng dong ctia hé théng ngudn da may phat
dién ddng bo lam viéc song song;

- Xem xét d9 tin cdy va tinh chinh xac cua phuong phap
nay khi ing dung n6 dé phan tich tinh bén viing dong cua hé
thdng ngudn da may phat dién dong bd lam viée song song so
v6oi mot phuong phép truyén théng khac 1a phuong phap tich
phan Iap di 1ap lai cho phuong trinh chuyén dong nhidu loan
cua cac rotor may phat dién dong bo
2.2. Phwong phdp nghién ciru

- Sir dung phuong trinh chuyén dong nhiéu loan truyén
thdng cua rotor may phat dién voi sy cong nhéan rong rai cho
cac hé théng ngudn da may phat dién lam viéc song song khi
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¢6 tac dong cta nhiéu loan nguy hiém 1én hé thong, gay ra
su chuyén dong bat thudng cia cac rotor;

- Sir dung ham Lyapunov duoc phat trién — ham
vector Lyapunov trong céach tiép can hé thong ning lugng
da nguon phat dé nghién ciru phat trién tiép cach giai phuong
trinh chuyén dong nhiéu loan cua cac rotor may phat dién
déng bo;

- Str dung phép toan hoc twong duong nham dua viéc
giai bai toan phtrc tap mot cach truc tiép vé giai bai toan
tuong dwong voi mue do it phirc tap hon — hé thdng so sanh
v6i mo ta toan hoc 1a hé bét déng thire.

3. Noi dung va két qua nghién ciru:
3.1. Tinh bén vieng dpng va ham Lyapunov

Phuong phap phan tich tinh bén viing dong ctia trang
thai 1am viéc song song cua cic may phat dién dong bo trong
qua trinh qua d6 bang phwong phap truc tiép dugc hiéu nhu
Sau:

bé phén tich tinh bén vitng dong cua hé thdng cung
cip chuyen dbi nang luong luong co-dién bang may phat
dién dong b, mot ham dic biét voi cac bién sb 1a cac goc
quay tuong hd cua cac rotor cac may phat dién dong bo duge

dé xuat
V(& & .8 5,8, ..5,)

ham nay duoc cho trong khong gian bién trang thai
cua
hé théng (0 day &, J,, ..., S

, — cac goc quay tuong
hod ndy cting chinh la cac bién trang thai trong phwong trinh
chuyén dong nhicu loan).

Ham Vv (5?‘ o ) nay dugc goi 1a ham Lyapunov. Khi
phan tich tinh bén vitng dong cta cac may phat dién ddng bo,
ham Lyapunov dang nang luong dugc su dung rong rai, ham
nang luong Lypunov gom hai thanh phan:

V(&)= K (Hw (o),
oday &= (8% & ., &); 5=(8, &, . 6,).

Ham Lyapunov dugc st dung voi myc dich cu thé 1a
phan tich tinh bén vimng dong cua hé thong ngudn da may
phat thi phai thoa man cac diéu kién va dau hiéu toan - co
duéi day (dwa trén tinh vat Iy va toan hoc, c6 thé tu tin dat ra
cac diéu kién nay):

- trong pham vi ciia céc bién trang thai

(& & .8 5,6, ..6,)

ham Lyapunov phai 1a ham lién tuc véi tat ca cac dao
ham riéng. ) .

- Goc quay cua cdc rotor ¢ vi tri can bang bén ving
phai dugce dat 1a co gia tri 0 (tirc cac goc quay tuong hd cua
chc rotor cac may phat dién c6 cac hiéu sb voi nhau 13 bang
0 — hién nhién diing), ky hiéu goc nay la &~ , vy & vi tri co
trang thai can b".:flng bén vitng thi 6" =0 . Vi vdy, dbi voi hé
thong c6 tinh bén vitng dong thi sau khi tac dong nhicu loan
khan nguy két thdc, ham V (§‘ 5) phai quay vé 0 tai gbc
toa do, turc

v(0, 57)=0.

- Ngoai ra, hé théng c6 tinh bén viing dong thi ham

\Y (59‘ o ) phai c6 dau duong trong mién bén viing dong nao

do, tic V (§‘ 5) >0, ngoai trir vi tri trang thai cdn bang bén

virng.
- Dau hiéu toan - co. Néu thuc hién phép vi phan toan

phén ham V ((§‘ o ) theo thoi gian

—‘Z oV ds, Z oV ds,
“85 dt k-la& dt

trong cac phuong trinh chuyén dong quay nhiéu loan
clia cac rotor c6 mot ham c6 dau khong d6i nhung déu cia ham

d6 lai nguoc dau véi V (59‘ o ) E <0 thi chuyén dong quay

nay la chuyén dong khong nhiéu loan — bén viing.

- Khi phan tich tinh bén viing dong ctia cic may phat
dién déng bd lam viéc song, chung t6i xac dinh gié tri ti€u
chuén ctia ham Lyapunov — V,_,

- trong mién 14n can vi tri trang thai can b'fmg bén viing
¢6 cac diém yén ngya (vi tri trang thai can bang khong bén
vitng) s& dugc mo ta va tinh toan bang ham

w(s),

gi4 tri nho nhat trong cac gia tri tinh toan cho ham nay
s& dugc dung lam gié tri tiéu chuan cua ham Lyapunov.
3.2. Phwong trinh chuyén dgng nhiéu loan

Phuong phap ham vector Lyapunov dé phén tich tinh
bén vitng 1am viéc song song ciia cac may phat dién dong b
dugc dua trén cach phan ra hé théng da chiéu thanh cac hé
thdng con biét 1ap. Dé nghién ciru tinh bén virng cua hé théng
ban dAu, can thiét lap mot hé théng so sanh.

Céc phuong trinh so sanh 1a mot hé thong bat ding
thirc tuyén tinh trong mot vai mién pht hop nhét dinh.

Dé hé théng duoc nghién ciru bén virng thi hé phuong
trinh vi phan tuyén tinh ctia n6 phai cé cac hé sb bang cac hé
s6 ctia hé phuong trinh so sanh. Cac phuong trinh mé ta chuyén
dong nhiéu loan cua rotor may phat dién déng bd duoc hinh
thanh duya trén “gdc tim” twong d6i hodc goc quay tuong doi
clia mot trong cac may phat (chon thoi diém xuat phat xem xét
tinh bén viing). Thong thudng, may phét c6 hing s6 thoi gian
16n nhat tir chinh né s& dugc chon dé thiét 1ap cac phuwong trinh
mb ta chuyén dong nhidu loan.

Sau cic phép toan bién dbi thich hop, cac phuong trinh
chuyén déng nhiéu loan s& c6 dang (1):

T, ddf D, —& .mfbklE E sin(, -6, +A5; ), k=1n (1)

Trong he phuong trinh (1), cac hé s6

Tk’ Pk’ Dk’ bkl’ Ek’ EI !

¢6 thir nguyén 1a don vi twong d6i. Tai nat thir n+1 ,

mady phat dién thr n+1 co
E,,, =const; J,,,
dugc chap nhan két ndi.

Chung t6i dét ky hiu:

ASy =6, =0

1a higu s6 goc quay rotor cta hai may phat dién khac
nhau (may phat dién thir k va |) déu & vi tri trang thai can
bang bén vimg. Diéu nay budc vé phai ctia hé phuong trinh (1)
sé bang 0 ¢ giatri &, =0 voi | =1, 2, ..., n. Hé phuong trinh

= const

(1) 14 hé duoc thiét 1ap c6 tinh d&én yéu té giam chan cua cac
may phat dién, diéu nay c6 tac dung mo rong mién hat coa vi
tri trang thai c4n bang bén vimg hon hin so v&i mién hut bén
vitng cua hé théng v6i may phat cii — khong thiét ké giam
chan.
3.3. Cic hé thong con biét lip

Khi s dung phu(mg phap ham vector Lyapunov, dé

giai h¢ phuorng trinh chuyen dong nhiéu loan (1) thi can phal
phan rd hé thong ban dau (twong tmg c6 (1)) thanh cac hé thong
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con biét 1ap. Trong truong hop nay, cac hé thong con biét lap
rleng 1é phal ¢6 vi tri trang thai can bang bén viing nhu hé
thong ban dau trudc phan ra.
Viéc phan rd hé théng c6 phuorng trinh (1) thanh céac
h¢ thong con biét 1ap dugc thuc hién bang cach st dung cac
“ratios” sau (2):

dnl 5, —4, +A8, |=sin| g, —3, +4a8) |—sn( 5 +as) +dn| s +a5) )=
. AN C RIS )
=sin|&, +Ad] [+2sn| - jsin ————=
LY £ /
Tiép theo, sir dung “ratios” (2), hé thdng phuong
trinh (1) duoc trinh bay dudi dang (3):

n+l

2 —_—
49, p, 9 M, (5, 5) k=11 3
k

— < 4+D —
dt2 ¢ dt
& day ham 1a ham G, (5, ) duoc sir dung dé thiét 1ap

Tk :Gk (5k)_

cac hé théng con biét lap
=P, Z{”fbk, E,E sin(d, + A5, ),

con cac ham c6 dang H, (8, &) la cac ham két ndi

ctia hé thong con biét lap

26, -6, +2A5;|]

Hy (. &)=2b,EE sm(ijsm[ >

Phuong trinh cta hé thdng con biét 1ap, co6 tinh dén
(3), c6 dang sau:
d?s, ds, —
T;-l‘Dkd—tk:Gk(é‘k),k:l, . (4)
DPbi v6i hé théng con biét 1ap c¢6 mo ta :Loén hoc 1a
phuong trinh (4) thi ham Lyapunov cua né c¢6 thé xac dinh:

T

1
Vk(a)k' 5k):ETka)k2+:uka)k5k +W, (5k)! %)
s r ds,
o day W, (8,)=—[ G, (x)dx; & =—* s
0

Ham W, (5k ) va dao ham cia no tai goc quay S, =0
(g6¢ quay & vi tri trang thai can biang bén viing) s& bang 0:
dw,
W, (0)=0; k =0.

ks, =0

Khai trién W, (&, ) thanh chudi Taylor tai géc quay
cuarotor 6, =0 chtra cac s6 hang khac 0 ctia chudi, bét dau
tir 52, khi nay ham W, (8, ) co thé dugec trinh bay duéi dang

W, (8,)=(a + a0, +8,6; +...)5¢

Tiép theo c6 thé viét ham W, (5k ) nhu sau:

W, (8, )=w, (6, )57, (5, ) =a, +ad, +a,0; +

Gid sir rang:

*ham w, (5k ) trong mién lan can vi tri trang thai can
bang bén vitng s& chap nhan cac gié tri cyc tiéu va cyc dai

w, =min; w, (8,); we =max, w, (5,),
khi &, €[ 8,0 |;
** ham V, (a)k, 5k), ciing trong mién lan cén nay,

chap nhan cac diéu kién sau:
Vi (o, 6,)=0,khi o =0; 5, =0.

Ham V, (@, &,) trén khoang &, e[ék,ng s€ ¢o gia

tri duong, néu 4, < JZWkT dugc chap nhan.

dv, (o, &)
Tiép theo, dao ham ——~—" *J
hé thdng con biét 1ap (4) va (5) sédlsang

dV, (e, d,) ——(D. - & _uDws,
at I
Ham G, (6, ) c6 thé & dang
G, (6.)=0,(5.)5, =(by +b5 +0,5 +...)3, . (6)
Gia stk rang,

* trong khoang &, E[ék,ng ham g, (6, ) duoc gioi

0 phuong trinh cho

+2.6,(s,)s
T

han B
g, =min, |9, (8,)], we =max, [g, ().

Khi nay, dao ham V, (@, &) trong khoang

o € [ék,gk]
s€ cb gia tri am, néu diéu kién sau dugc thuc hién
D w0,
H P90 <2 (Dk _'uk)gk

k

V,
Pao ham d—k o phuong trinh chuyén dong nhiu loan

(3), duoc xac dlnhq;ang biéu thirc (7)

- AT- N :Dlam

=—(D, - gy ) o - AT o o Z_H 8.4 +—G (816, . (T
(ﬂ' & L3 T‘l | RN J' L i

Ham két n6i c6 thé du’oc xac dmh o dang

Ho (6, 8)=hy (S 85,6, 8)
Trong khoang o, e[ék, 5k:| va 9 e[él, 5|] ham
kétnéi hy (5., &) dugc gidi han.
Chung t6i ky hi€u cac gidi han
hy =ming ;. h, (S 6); hu =max; ,h, (6, 8),
khi 8, €[5, 3], 6 €[4, 4 |.

3.4. H¢ thong so sinh

pé xem xet hé théng bi tac dﬁ)ng nhiéu loan khan nguy
da c¢ tinh bén viing?, can 1ap hé thong so sanh c6 dang

dv, —
d_tk <CV,+C V,+C Vo +..+C V, k=L n. (9)

Thay vao hé thong so sanh (9) 1a ham Lyapunov (5)
5.), k=1n
va két qua dao ham (7) cua phép dao ham phuong trinh chuyén
dong nhi€u loan (3), chung toi thu dugc hé bat dang thuc (trong
khuén kho bai bao nay, ching t6i khong trinh bay chi tiét hé
bat dang thirc nay do tinh cong kénh cua nd). Hé bat dang thire
nay, tinh dén (6) va (8), dugc rit gon vé dang bac hai
Q=q'Aq,

L @, 6, By oy O,

A —cac hé s6 ma tran dugc xac dinh c¢é tinh dén cac
uée tinh thu duge cho hy (6,,6,) va g,(6,).

Heé bat dang thirc dang bac hai Q nay cé gia tri thuc

mo ta toan hoc cta hé théng con biét 1ap V, (@,

o day vector q=(a)l, W,, ...

hién dugc chi khi Q duong. Tur cac hé s6 cua hé théng bat
déng thirc (9), ma tran cia mot hé phuong trinh tuyén tinh
thuan nhat duogc xac dinh
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(L_?:C11x1+clzx2+C13X3+...+C1nxn,

dﬁ—c +C, %, +C, X;+...+C, X
gt Gt G X bt G X
dx,

ot =C, % +C % +C, X +...+C, X,.

Néu h¢ théng (10) 1a ¢6 tinh bén viing dong, thi mién
8, €8, 8], k=1n khi @, =0, k=1n

s& 1a mién bén ving dong cua hé thf)ng dugc nghién
clru voi cac phuong trinh chuyén dong nhicu loan (3).

Deé hé phuong trinh tuyén tinh thuan nhat (10) c6 tinh
bén vitng dugc bao dam thi cac hé sb C,. trong (10) duoc
lya chon gia tri tir cac diéu kién sau:

Cu <0; [C, |> Z:”;lk|ck,|, k=1 n

Tiép theo, hé théng bt dang thirc (9) duoc giai. Néu
gidi (9) ma khong tim dugc 101 giai cho mét phep xap xi mlen
bén viing dong nhit dinh, thi mot phép xap xi méi ctia mién
bén vitng dong s& duoc tinh toan bang biéu thirc

8% 3 |=a|6l, 5|, k=T
o day a<1.

Céc lan lap két thuc khi tim dugc nghiém cia hé
thong bét dang thirc (9).

Tinh bén viing dong ciia hé thong dbi vai tac dong
cta nhidu loan cho trudce c6 thé xac dinh bé“mg cach tinh toan
céc gia tri t6i han cia ham Lyapunov cho céac hé thdng con
biét lap

V,

k (critical)

=minV, (0, &), & =,

hodc &, =5k, k=1,_n .
Sau d6, néu ngay sau khi nhidu loan mét di, diéu kién
Vi (a)l?’ 51?) Vi k=11

duogc thyuc hién, thi hé thong dbi v6i nhidu loan cho
trude sé bao toan dugce tinh bén viing dong

(@], &3, k=1, n — cac gia tri bién trang thai ngay
sau qué trinh khan nguy).
3.5. Thi du vé teng dung ham vector Lyapunov dé phén tich
tinh bén vieng dpng cho mét hé thong nguon ba mdy phdt
di¢n dong by lam viéc song song

Hai phuong trinh chuyen dong quay nhiéu loan cho
chuyén dong quay tuong db6i cua hai rotor so vdi rotor ciia
may phat dién dong bo thir ba s& c6 dang sau:

d?s, dé;

F + 100?
= —11,59 [sin(8; + 0,000796)
—sin(0,000796)]
—0,10016 [sin(6; — &, + 0,0877)
—sin(0,0877)]
+ 0,05417 [sin(5, — 0,0342)
—sin(0,0342)]

a5, ds, . .

a0 + IOOW = —10,94 [sin(6, — 0,0342) — sin(—0,0342)]
—0,10016[sin(8, — &, + 0,0537)
—sin(0,0537)]
+ 0,05928[sin(6; + 0,0000963)
—sin(0,0000963)]

o day o, 9,
d6ng bo thir nhat va tht hai, dwoc cho trudc tai thoi diém két
thic tac dong cua nhiéu loan.

Mién bén vitng dong ciia hé thong ngudn ba may phat
dién ddng bo 1am viéc song song ndy véi hai cach giai phuong
trinh chuyén dong nhiéu loan ciia ba rotor (trong d6 su quay
clia rotor may phat dién thir ba duoc lay lam gbc dé 1ap phuong
trinh chuyén dong nhiéu loan ciia rotor may phat thir nhat va
thir hai) dugc trinh bay trén H. 1.

— hai goc quay cta rotor may phat di¢n

H.1. Cac mién bén vimng dong ciia h¢ théng ngudn ba may phat
dién dong b{ lam viéc song song

Trén H.1: a) S,

virng dong, thu dugce b%ng cach tich phan lap di lap lai phuong

trinh chuyén dong nhicéu loan (1) cho mot hé thong ba may

phat; b) S, =16 (don vi twong d6i) — mién ben vitng dong,

=36 (don vi twong ddi) — mién bén

thu dugc bang phuong phap ham vector Lyapunov.
4. Thao luan két qua

V&i mot hé thdng ngudn da may phat dién dong bo lam
viéc song song thi tinh bén virng dong 1a v6 clng quan trong.
Viéc hé thong bi tac dong nhidu loan nguy hiém, c6 thé pha v&
su bén vitng cua cac diém (vi trf) 1am viéc trang thai cAn bang
ctia hé thong. Sy mét tinh bén viing hay khong, co thé xem xét
thong qua sy chuyen dong quay cua cac rotor, tirc giai cac
phuong trinh chuyén dong quay nhiéu loan ctia c4c rotor, cic
phuong trinh (1); (3) dugc thlet lap vé6i thoi diém va cac didu
kién ban déu duya trén thuc té cua tac dong nhidu loan 1én hé
thong, vé mat vt 1y va mo ta toan hoc cia phuong trinh chuyen
dong nhidu loan cua cac rotor may phat dién dong bo 1a hoan
toan tin cay.

Viéc giai phuong trinh gde (1) md ta toan hoc cho
chuyen dong nhidu loan s& cho ra dap an vé tinh bén vimng dong
v6i két qua 1a mot mién co dién tich xac dinh thé hién tinh bén
virng dong cua hé thong ngudn. DEé giai (1) ¢ thé st dung hai
phuong phap

*tich phan lap di lap lai cho phwong trinh chuyen dong
nhiéu loan da bién cta cac rotor may phat dién dong bo lam
vigc song song;

*#* sir dung ham vector Lyapunov dé giai phuong trinh
(2).

Céch giai (*) 1a phuong phap truyén thong cho ra két
qua 1a dién tich (cac diém trang thai cn bang cua hé thong
dugc xét ndm trong mién nay thi déu c6 tinh bén ving dong)
clia mién bén ving dong 16n hon dién tich thu dugc tir cach
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giai (**) khi cung xét cho mot hé théng ngudn ba méay phat
dién ddng bo 1am viée song song.

C6 thé ty tin n6i rang, mién bén viing dong thu duoc
nho cach giai (**) s& bao dam moi vi tri trang thai can bang
clia hé thong ndm trong mién nay thi chc chén tinh bén viing
d6ng ctia hé thong duoc boa toan, tirc khi hé thong ngudn bi
nhiéu loan nguy hiém tic dong thi hé thong xuit hién qua
trinh qua d¢ va qua trinh nay s& két thiic nhanh ma khong gay
hai, hé¢ thong s& chuyén vé ché do xéc lap tiép theo,

Con mién bén viing dong thu duoc theo cach giai (*)
cho cam nhan rang, hé thong dugc xem xét co kha ning
“khoe hon” hon vé bén viing dong. Tuy nhién, néu noi vé do
tin cay bén viing dong cua vi tri trang thai can bang ctia hé
thong thi chi ¢6 nhiing vi tri nam trong mién b) thi chic chan.
V6 hinh chung, ket qua cua hai cach giai lai cang khing dinh
d6 tin cay cao vé két qua mién b) cua phuong phap sir dung
ham vector Lyapunov.

Nhirng vi tri ndm trong phan dién tich bén viing dong

Sa — Sy =16 (don vi tudng dbi), thi ¢6 thé cho rang,
chung cé the bao dam hodc khong chic tinh bén viing dong
ctia hé thdng duogc bao toan khi hé thong chiu tac dong nhiéu
loan nguy hiém. Nhimng diém cang gin bién mién a) thi do
tin cy cua tinh bén virng dong cta vi tri trang thai cin bang
ctia hé thong cang giam va nguoc lai.

5. Két luan

Bai bao da dé xuat phwong phap thyc hién phan tich
tinh bén vitng dong cua cac may phat dién ddng bo lam viéc
song song bang cach ding ham vecto Lyapunov dwoc 14 ham
Lyapunov dugc phét trién dua trén phan rd hé thdng 16n
thanh cac hé thdng con biét 1ap; di dé xuit mot phuong phap
phan ra hé thdng xuit phat (hé théng ban dau-gdc) thanh cac
hé con biét 1ap; da xem xét viée xay dung va giai hé bit ding
thirc dé danh gia mién bén virng dong.

Tuy nhién, can luu y rang dé trién khai phan mém
hiéu qua phwong phap ham vecto Lyapunov, can phai phat
trién thém vé tiéu chi va hinh thirc hoa phuong phép phan
chia hé théng thanh cac hé con biét 1ap, ciing nhu phat trién
céc phuong phap hiéu qua hon dé giai hé bat ding thic (hé
phuong trinh so sanh) nhim d4nh gia mién bén viing dong.

Thém nita, mién bén ving dong thu dugc bing
phuong phdp ham vector Lyapunov c6 dién tich nho hon

dang ké so voi mién thu dugc bang cach tich phan lap lai cac
phuong trinh chuyén dong nhiéu loan.

Xét dén tAm quan trong cta van dé phan tich mién bén
virng dong cua cac hé théng quy mé 16n va tiém ning cua
phuong phap ham vecto Lyapunov, viéc nghién ctru sau hon
vé trién khai thyc tién phuong phép nay 1a rat can thiét.

6. Tai liéu tham khao

[1] ABpamenko B. H., CtenanoB A. B. Onpenencuue
3amaca JUHAMHYECKOH yCTOHYNBOCTH 3HEPTOCUCTEM NPSIMBIM
MetonoM JlsmyHoBa // TexHudeckas snexTpoguHaMuka. 1999.
Ne 5. C. 55-58.

[2] Tpyiitu J. T., MapreiHiok A. A., Pu66enc-
[MaBemna M. YCcTOHYINBOCTE KPYIHOMACIITAOHBIX CHCTEM IIPH
CTPYKTYPHBIX M CHHTYJIPHBIX Bo3MymleHHsX. Kues.: Hayk.
nyMmka, 1984. 306 c.

[3] Ky3oBkun B. A., CrenanoB A. B. Ornenka 3amnaca
JUHAMHYECKOH  YCTOMYMBOCTH  HDHEPrOCHCTEM  IIPSMBIM
MeTozaoM JlsnyHosa // Dnexktpuyectso. 2002. Ne 1. C. 2-8.

[4] Marpocos B. M. Metoa BEKTOPHBIX (YyHKIUH
JlanyHoBa: aHanM3 JOUHAMHYECKUX CBOMCTB HEJIMHEHHBIX
cucreMm. M.: ®m3matiur, 2001. 372 c.

[5] MarpocoB B. M. Meton BeKTOPHBIX (YHKIHI
JlammyHOBa B cMCTEMax ¢ 0OpaTHOHM CBA3BIO // ABTOMaruka u
TememexaHuka. 1972. Ne 9. C. 63-75.

[6] Marpocos B. M., Ananoanckuii J. IO,
Bacuives C. H. Meron cpaBHEHUSI B MaTeMaTHUECKOM
teopun cucteM. HoBocubupck: Hayka, 1980. 479 c.

[7] Meron BexkTOopHbIX ¢yHkuuii JIsmyHoBa B
Teopuu ycroifumBoctHu / nox pea. A. A. Boponosa, B. M.
MartpocoBa. M.: Hayka, 1987. 312 c.

[8] HMaBeana M. Ot obmieii Teopun JlsmyHoBa K
MIPAaKTHYECKOMY TIPSIMOMY METOJAY aHaln3a AMHAMHYECKOU
YCTOWYUBOCTH dHeprocucteM // Dmekrpudecto. 2000. Ne 6.
C. 14-26.

[9] Bellman P. Vector Lyapunov Function // Journal of
the Society for Industrial and Applied Mathematics Control.
1962. Ser. A. Ne 1. P. 32-34.

[10] Pai M. A., Vittal V. Multimachine Stability
Analysis Using Vector Lyapunov Functions with Inertial
Center Decomposition // International Journal of Electrical
Power & Energy Systems. 1983. Vol. 3. P. 138-144.

LTVU, Issue 06, September 2026

018




