GIAI TICH MANG

CHUONG 6

TRAO LUU CONG SUAT
6.1. GIOI THIEU:

Nhiém vu cta giai tich mang 13 tinh toan céc thong s6 ché do 1am viéc, chu yéu
la dong va 4p tai moi nit cia mang dién. Viéc xac dinh cac thong s6 ché do mang di¢n
rat co y nghia khi thiét ké, van hanh va diéu khién hé thong dién.

Mot s6 16n cac thuat toan dugce dé xuat trong 20 nam tré lai day. Trong chuong
nay ta gidi thiéu cac phuong phap d6 trén cac khia canh nhu: D& chuong trinh hoa, tbc
do giai, do chinh x4ac....

Viéc tinh toan dong cong suat phai dugc tién hanh ting budc va hiéu chinh dan.
Bén canh myc dich xac dinh trang thai tinh thi viéc tinh toan dong cong suat con 1a mot
phan cua cac chuong trinh vé t01 uu va on dinh. Trudc khi ¢6 sy xuat hién cia may tinh
80, viéc tinh toan dong cong suat duoc tién hanh bang thiét bi phan tich mang. Tir nam
1956, khi xuat hién méy tinh s6 dau tién thi phuwong phap tinh dong cong suat ing dung
may tinh sd duoc dé xuat va dan dan duogc thay thé cac thiét bi phan tich mang. Ngay
nay cac thiét bi phan tich mang khong con duoc dung nira.

6.2. THIET LAP CONG THUC GIAI TiCH.

Gia str mang truyén tai 1a mang 3 pha d6i xtng va dugc biéu dién bang mang nbi
tiép duong nhu trén hinh 6.1a. Cic phan tir cia mang duoc lién két véi nhau nén ma
tran téng din nat Yyy, c6 thé xac dinh tr so do.

Theo so dd 6.1a ta cé:

INut YNut VNut (61)
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Hinh 6.1 : S0’ d6 da cbng cla dudng ddy truyén tdi

Ynae 12 mot ma tran thua va ddi xtimg. Tai cic cong clia mang c6 cac ngudn cong
suat hay dién ap. Chinh cac ngudn nay tai cic cong lam cho 4p va dong lién hé phi
tuyén vé6i nhau theo (6.1) chiing ta co thé xac dinh dugc cong suat tac dung va phan
khang bom vao mang (quy udc cong sudt duwong khi ¢ chleu bom vao mang) dudi
dang ham phi tuyen cua V, va l,. Ta co the hinh dung ngudn coéng suit bom viao mang
noi ngang qua cong tai dau duO'ng ctia ngudn bom nhu hinh 6.1b.
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Phan loai cac nut:

- Nat P -Q 14 nat ma cong suét tac dung P va cong sudt phan khang Q 1a ¢6 dinh,
nhu nat P & 6.1 chang han

VoI, =87 +jQ," = (Psp = Pp) + j(Qap — Q (6.2)
VoV, =¢, Hf;

Chi so GP va LP g voi cong suat ngudn phat va cong suét tiéu thu ¢ P. S cho biét

cong suit c¢b dinh (hay ap dit).

- Nut P -V tuong ty 1a nat c6 cong suét tac dung P ¢d dinh va d6 16n dién ap
dugc giit khong doi bang cach phat cong suat phan khang. Vi nit nay ta co:

Re[V /) ]1=PYF =Psy - Py (6.3)

v,| =+ =|v,[" (6.4)

- Nut V-q (ntt hé¢ thong) 16 rang O nut nay dién 4 ap va goc pha 1a khong doi. Viéc
dua ra khai niém nut hé thong 1a can thiét vi ton thit 'R trong hé thng 13 khong xac
dinh trudc duoc nén khong thé c¢b dinh cong suét tac dung & tat ca cac nat. Nhin chung
nuat hé thong cé ngudn cong suat 16n nhat. Do d6 nguoi ta dua ra nut diéu khién dién ap
noi chung la n6 c6 cong suat phat 16n nhat. O nat nay cong sut tac dung Pg (s ky hi¢u
nut hé thong) 1a khong ¢ dinh va duogc tinh toan cudi cing. Vi ching ta cling can mot
pha 1am chuan trong hé théng, goc pha cta nut hé thong dugc chon 1am chuan thuong &
murc zero radian. Pién ap phirc V ¢6 dinh con P, va Q, dugc xac dinh sau khi giai xong
trao luu cong sut & cac nut.

6.3. CAC PHUONG PHAP GIAI QUYET TRAO LUU
CONG SUAT:

Theo 1y thuyét thi c¢6 hai phuong phap ton tai d6 1a phwong phép str dung ma tran
Ynue va phuong phap sir dung ma tran Zyg. V& ban chét ca hai phuong phap déu st
dung cac vong lap. Xét vé lich sir phwong phap thi phuong phap Yy dua ra trudc vi ma
tran Yyg dé tinh va lap trinh, thAm chi ngay nay n6 van sir dung véi hé théng khong 16n
lam, phuong phép ndy goi 1a phuong phip Gauss -Seidel. Pong thdi phuong phap
Newton ciing dugc dwa ra phuong phap nay c6 vu diém hon vé mit hoi tu. Sau khi cach
loai trir trat tu toi vu va ky thuat 1ap trinh ma tran vevto thua lam cho tbc do tinh toan
va s6 luong luu trit it hon, thi phwong phap Newton trd nén rat phd bién. Ngay nay véi
hé théng 16n t&i 200 nit hay hon nita thi phuwong phap nay ludn duogc dung. Phuong
phép dung ma tran Zyg, v6i1 cac vong lap Gauss - Seidel cling c6 tinh hoi tu nhu phuong
phap Newton nhung ma trdn Zyg 1a ma tran ddy di nén can bo nhd hon dé cat giir
chung, d6 13 han ché chinh cta phuong phap nay

Trong chuong nay ching ta chi gidi thiéu nguyén ly cta cac phuong phap, con
cac phuong phap dic biét nhu: St Iy ma tran thua, sap xép toi vu phép khir, lugc do,
..... khéng duoc dé cap dén.
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6.4. PO LECH VA TIEU CHUAN HOI TU.

Phép giai trao luu cong suat dugc coi 1 chinh xac khi théa man diéu kién tir
(6.2) dén (6.4) ma chi yéu 1a phai dam bao chinh xac (6.4), hai tiéu chuin hdi tu phd
bién la:

- Mitic d6 cong suit tinh toan & nat nao d6 theo V, va I, & bén trai dang thic
(6.2) dén (6.4) phu hop tuong Gmg voi gia tri cho sdn ¢ bén phai. Su sai khac nay goi la
do Ieéch cong suét nut.

- D¢ léch dién ap nut giita 2 vong lap ké tiép nhau.

Sau déy ta xét timg tiéu chuén cu thé:

+ Tiéu chuén d6 léch cong suét nut:

T (6.1) va (6.2) ta co

AS, =S¥ -V,I' =P+ jQ¥ -V, N Y.V, (6.5)
g=1

Tach phﬁn thuc va phﬁn 4o cua (6.5) ta dugc dg léch cong Suét tac dung va do
1éch cong suat phan khang thich hop cho ¢4 (6.2) va (6.3). Biéu dién trong toa d¢ vudng
g6c nhu sau: Ta st dung ky hi¢u sau:

v,=e,+if,=V,|20,

qu = qu +ijq

‘91%1 = Hp - eq
V&iteng nat P -V hay P - Q

Dang toa d vudng goc:

APP = P;;SP - Re[(ep + _pr)z (qu - ijq)(eq - ./fq)] (66a)
g=1
Dang toa do cuc:
AP, =P |V, | [Z(qu 0080, + B,y sin6,,) |V, @ (6.6b)
g=1

Voiteng nut P - Q
Dang toa do vuong goc:

AQ, = Qgp —Im[(e, + jfp)z(qu — By )6, — jf,)] (6.7a)
q=1
Dang toa d¢ cuc:
AQ,=Q;°-|V, | [Z(qu sind,, — B, cos0,,) |V, @ (6.7b)
g=1

Tiéu chuan héi tu chung nhat duoc dung trong thuc té 1a:

AP, < C, cho tat ca ntit P -V va P -Q

AQ, < C, cho tht ca nat P -Q
Gia tri C, va Cq dugc chon tir 0,01 - 10 MVA hay MVAR tuy theo truong hop.
+ Ti€u chuan d6 1éch di¢n ap:
Goi s6 budc lap 1a k, do 1éch dién ap gitra hai vong lap k va k +1 1a:
‘Avp‘ = ‘V(k”) - V(")‘ cho tat ca cac nut P - Q
Tiéu chuén hoi tu la:

AV, <C, cho tAt ca cac nat P - Q
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Gié tri C,tir 0,01 dén 0,0001

6.5. PHUONG PHAP GAUSS - SEIDEL SU DUNG MA
TRAN YN['JT:

Dé dé hiéu phuong phap nay ta gia thiét tat ca cac nat 1a nat P-Q trir ntt hé thong

V - q. Vi dién ap ctia niit hé thong hoan toan da biét nén khong c6 vong lap nao tinh cho
nut nay. Ta chon nat hé thng 1 nat can bang Do d6 V4 (q # s) coi la ap cua nut q so
v6i nit s (ki hiéu nat s 1a nat hé théng). Vi tat ca cac nut trir nat thir s 1a nat hé thong
taratra duoc tu: (6 1) va (6.2):

z p=12.n;p # s (6.8)
Tach qu, Vp trong Y. ra roi chuyén vé ta duoc:
=12..n;p # s 6.9
V, = y v qu p p (6.9)
q=p
Céc vong 1dp cua phuong trinh Gauss - Seidel dugc thanh 1ap nhu sau:
. 1P -JjQ
R v AU AL A A
Y11 VALY
1
+ 1| P _]Q
S Y—{ 2V<k> 2 Y, V=Y, V. —YZMVH"‘)}
22 2
w_ 1| P-JQ ;
VI = { P Py, vk Yoo V& ~Yop VI =Y V=Y V“‘)]
Y (VA
pp p
vien - 1R =iQ y yuen vy Ly A (6.10)
Ynn V(k)* nl "1 sere ns”s* nn-1 *

Hay viét du6i dang tong quat la:
+ + 3 S 1
Vék h_ H_ z ypqvq(k 1 z quvq“ﬂ J + —V"I‘J)* ]Y_
q=p p

pq
Ma tran Yy 1a ma tran thu duoc khi ta x6a di hang s va cOt s & ma tran YNm Va

VNut, Inae cung co duoc bang cach x6a dl phan tir s. Ta viét lai ma tran Yy bang cach
gom cac phan tir dudng chéo, ma trin gdm cac phan tir tam giac dudi duong chéo, ma
trdn gdm céc phan tir tam giac trén dudng chéo.

YNut
Véi:

IS
I

D-L-W
v -
o
X
o
X

1=

IS

[P

[~

>

IS

(6.11)
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Vay cac vong 1ap duoc viét gon lai nhu sau:

Vi = D LV + WV + Yk Vil Vo))
Plv;k{f’l YV,
VO VulVith Ve =| 22y,
¢
P"V‘;k{f’" -V,

Xéc dinh s6 liéu
vao

A

C‘hon trj s& dién ap ban
ddu vV, p=1,2,...n
k:=1

»
Ld

4

Tinh V,*"" theo (6.10)
P=1,2,..n

v

Xac dinh d6 thay d6i cue dai cla dién ap
Max|AV,* V) = vV oy 0 p=1,2,.

(6.12)

Vo

V, = Vp(kﬂ) N

v

suat, dién ap

Tinh dong cong

/ In két qua /

Hinh 6.2 : S0 @6 khéi phurong phap Gauss Seid
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Kiém tra hoi tu nhu sau:
Max| VY -V | <C, (6.13)

Thong thuong tai budce dau tién ta lay tri s6 ban dau \A © bang dién 4p dinh mirc
ctia mang dién va chi gdbm phan thuc. Nhu vy thuat toan lap Gauss - Seidel ddi véi
(6.10) dugc mo ta nhu hinh 6.2.

+ Xac dinh Y, Y, voip=1..n;q=1..

+ Chon gia trj ban dau tai cac nut: vV, © (p = 1... n). Thuong lay \'A © = Ugan.

+ Tinh gié tr1 & budce 1 theo (6.10). Qua trinh tinh theo vong tron, nghla la gia tri
dién ap tai nut p & budc k+1 duoc tinh qua gia tri dién ap tai budc k+1 cia tat ca cac nut
conlaip-1,p-2,.., 1vadiéndptaibudckcuacacnutp+1,p+2,..n

+ Tinh l3p v6i k ting dan

+ Klem tra diéu kién ding. Max|AV,, D < .. Neu sai thi trd vé budc 3, néu
dung thi tiép tuc tinh toan cac dai lugng khac nhu cong suat trén dudng day, dién ap, ...
va dung.

Ly thuyét chimg minh rang phuong phap Gauss - Seidel hoi tu khi modul tri
riéng lon nhét cta Ynae nho hon 1.

Uu diém chinh cta phuong phap Gauss - Seidel 13 don gian, d& l4p trinh, t6n bo
nho (do ma tran Y dé thanh lap) va khéi luong tinh toan tai moi budc 1ap cling it.

Nhuoc diém cua phuong phap la tdc d6 hoi tu cham, do d6 can c6 phuong phap
nang cao toc d6 hoi tu. Pidu ndy dugc xét dén trong phan sau.

6.5.1. Tinh toan nut P-V:

O nuat P-V sy tinh toan c6 khac vi géng suat phan khang Q chua l?iét nhung do
16n dién ap duge gitt ¢ V 3°. Mat khac thi€t bi chi phat giéi han cong suét phan khang
trong khoang tr Q™ dén Q7™ & nit P-V cong sudt Q ¥ dugc thay bang Q.

Véi: QY =Im(V,.I )

=Im(V, Z oaVa)
=1Im| (e, + jfp)Z(qu — jB,)(e, — jf,) (6.14)
= epop_fsz Ze (e, pq+qupq)+zf (e, q pq)

q¢p q¢p
Phia bén phai (6.14) 1a gia tri m&i nhat cua dién ap tinh toan va tinh duoc Q o
\ ’ .y . re A7 (k+1) N grA s ” , \ ’ A
thay vao (6.10) ta tinh dugc gia tri méi cua dién ap V' 7™, Vi dién ap ¢ nlt nay co do
16n khong do6i [V,|* nén phan thuc va ao cia V §*" phai dugc diéu chinh dé thoa mén

diéu kién nay trong khi giir goc pha nhu sau:
(k+1)

(k+l) _ a1 Tp
o, =tan” — (6.15)
eP
(k+1) _j\/sp (k+1) | & sp s o(ktl) _ (k+]) (k+1)
Viimai =1V, [coso ™ + IV, [ sind ) = e, + I pimai (6.16)

Cac gia tri nay dugc dung cho cac tinh toan tiép theo. So sanh cong suit phan
khéang tinh dugc va gioi han cta no.

Trang 82



GIAI TICH MANG

NéuQ (;al >Q 1;1ax dét Q t;)al :Q r;lax’ néu Q L;al <Qr;1in dét Q t;)aI:Qr;lin
Tinh nhu tinh v&i niit P - Q va khong diéu chinh dién ap. Néu trong tinh toan tiép
theo Q ‘;f’ giam xudng trong pham vi gidi han thi tinh toan nhu nit P - V

6.5.2. Tinh toan dong chay trén dwong dy va cong suit nit hé thong:

Sau khi cac phép tinh vé vong lip hoi tu. Dong chay trén dudng day va cong suat
nut hé thong dugc tinh nhu sau:

Ipq qu I’pq
P — > ] « — 4
+ +
A% ’ V
- P Y,Pq/z Y Pq/2 - !
0 0

Hinh 6.3 : S0’ dd 7 clia duomg ddy truyén tai

Xét duong day ndi tir nit p dén nit q c6 tong dan ndi tiép va Ypq va téng dan ro
By - dong dién duong day duogc xac dinh:
=V, -V, +V.Y, 12

P pq

Dong cong sudt chay tir p dén q la:

P+ jQPq =V, [(V, —)/q)*Y;q +VpY,, /2] (6.17)
Dong céng suat chéy tr q dén p la:
» +JQq, =V [(V, V) Y, +V,Y,. /2] (6.18)

Ton that cong suat duong day s¢ bang tong dai s6 cua qu +JQpq Va Pgp 1JQqp
Cong sut nut hé théng duoc tinh bang tong cac dong cong suat chay trén cac
duong day co dau ndi voi nit hé théng:

6.5.3. Ting toc d6 hoi tu:

Phuong phap st dung vong lap Yng hoi tu cham bdi vi trong hé théng 16n mdi
nat thuong co6 day ndi dén 3 hay 4 nut khac. Két qua 1a lam cho tién trinh lap yéu di
viéc cai thién di¢n ap & mot nut s€ anh hudng dén céc nat ndi truc tiép vao no. Vi vay
k¥ thuat tang tdc duoc st dung dé nang cao tdc d6 hoi tu.

Phuong phap phd bién nhit 1a SOR (Successive - over - relaxation) phuong phép
giam du qua han lién tiép.

Noi dung phuong phap la ctr sau mdi vong lip thi s& hiéu chinh dién ap trén cac
nat P - Q bang cach sau:

V(k+1) (V;(l;;)h Vék)) (6.19)
Va Vp“‘”)l a:
Vékﬂ) — V;k) +AVék+1) (6.20)

Hé s6 a goi la hé ) tang tde dugc xac dinh theo kinh nghiém ¢ gitra 1 va 2,
thuong (1 <a <2).
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Néu a chon hop ly thi tdc d6 hoi tu tang manh, nhin chung gia tri thyc cua a la tir
1,4 dén 1,6. N&u a la so phurc thi phan thuc va phan do cua dién ap dugc tdng toc riéng
biét:

AV = aRelViiah, —Vi0 [+ jpmlvit, Vo] 221)
Va Vék+l) _ Vlgk) +Avl§k+l) (6.22)

Vo1 avab déu la so thuc:

6.5.4. Uu va nhwoc diém ciia phwong phap ding Yy

Ma tran Yyg kha dé thanh 1ap va phuong phap giai la truc tiép nén 1ap trinh tro
nén don gian. B6 nhd duge dung dé luu trir cac phan tir khac khong nam trén duong
chéo chinh. Sau khi st dung tll’lh doi xung cua Yyg thi viéc tinh toan va luu trir cling
gon hon. Vi trong h¢ théng mdi nait ndi dén 3 hay 4 nat khac nén mdi vong lap cho timg
nat s¢ dung den sy luu trir cac nat nay, do dé phep tinh s& tang lén rat nhiéu. So phép
tinh trong mdi budc lap ti 1& véi sd niit n, néu sd nut 1a n thi s6 phép tinh la n’. Vi hé
thong c6 200 nut hay hon ntra phuong phap nay to ra kem hi¢u qua va rat kho hoi tu
néu c6 anh hudng cua didu kién nao d6 chang han co6 mat cua ty ndi tiép (tu bu doc) so

v6i phuong phap Newton.

6.6. PHUONG PHAP SU DUNG MA TRAN Z yur:

Dé giai thich vé phuong phap nay dau tién ta gia thiét khong c6 nat P-V cac nut
déulaP-Q (gom n nat) va mot niit can bang (chon niit cAn bang 1a nut hé thong).
Trudng hop ¢ ton tai niat P - V s& xét & phan 6.6.3:

Gia thlet cac thong sd ciia mang tuyén tinh khi d6 c6 thé xem ngudn dong & nut
thaplal,la t6 hop tuyén tinh cua dong dién gdy ra boi dién ap V,, va dién ap ¢ cac nuat
khac V4 (q =1..n,q # p). Pay la nguyén 1y xép chong ctia mang dlen

YNlit -VNut INut

YNﬁta VNm ) INm co y nghTa nhu (6 1)

Nhiém vu ctia ching ta 13 im Vyg. Dé tim Vyg c6 thé dung phuong phap khur
lién tiép hay phuong phap Crame nhung cac phuong phap nay rat cong kénh khi n 16n.
O day ta dé cap dén phuong phap ma tran.

Do Y 12 ma tran vuong, d6i xtg va khong suy bién nén ta co:

VNut YNut INﬁt ) ) ,

Yaie' = Zng : Goi 12 ma tran tong tr¢ nlt cia mang di¢n. Do do ta co the viét:

VNut ZNut INut

Znie €0 thé xac dinh theo ba cach sau:

+ Xac dinh tir Y 5: Phuong phap nay c6 thé dung duoc khi n bé bang cach dung
ma tran phén phu dai sb ciia Yyg. Khi n 16n c6 thé dung thuat toan 1ap, cong thirc cua
thuat todn 13p xac dinh ma tran nghich ddo tai budc thu k 1a:

Yo (K1 = Yo [k = 11+ Yoo [K = 10(1 = Yy Youn [k = 11)

V6i Y alk—1]: La ma tran nghich dao gan dung cua Y, .[k—1] va I1a ma tran
don vi. Co thé 14y Y,.,[0] 12 ma trdn dudng chéo suy ra tir Yng bang cach giir lai cac
phan tir trén dudng chéo chinh. Qua trinh lap dimg lai khi Y, ,[K].Y,,

=~ .
uit
+ Xac dinh tir so d6 mang:

Vi Zy ciing ¢6 ¥ nghia vat Iy nhu Yy do d6 ta cling c6 thé thiét 1ap tir so do:
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Zoyp: La téng dan dau vao nhin tir nat i dén nat can bﬁng khi & moi nutk co6 I, =0,
k # p.

ZoD # qla téng trd twong ho gitta nut p va nat q.

+ Khi c6 sy tro giip ciia may tinh dién tor thi Zy, dugce xac dinh theo phuong
phap mé rong dan so d6 nhu sau:

Chon vai phan tir ciia mang dé dé 14p Zyg theo cach 2 & trén. Sau d6 mo rong
dan so dd cho dén khi dit n nut:

Phuong phap nay thuong dugc sir dung khi giai tich mang co cau trac thay doi
va bai toan dugc chuong trinh hoa.

Qua day ta thiy viéc xac dinh Zyg tir so do kho hon so véi viée xac dinh Yy tir
so d6. Bay gio ta xét timg phuong phap 1ap cu thé sau khi da xac dinh dugc Zyg.

6.6.1. Phwong phap thira so zero:
Xeét ma tran Yy ta bé di hang, ¢t iing vo1 nat hé théng ta cO ma tran Yy tUr
(6.12) bo di céac ky hi¢u vong 1ap ta duoc:
) Y- Vivae = g(Inas Vs)
Lay nghich dao Yy ta co:
y/\?jn =Z Nuit
V/\(/l;;tl) = ZNui‘tg(l /(\ﬂb Vs)
Cac Vc‘)r\l/gk%p _cheo ];;l}gorng phap Gauss - Seidel:
Nuit = “Nuit" Nuit

Viét rdng ra cac vong lap la:

I Pl — ./Ql |
. — =YV
\/l(k 1) \/l(k) 1sVs
D=2yl (6.26)
V(k+1) Pn — .IQn
5 v YoeVs

Ma tran Zyy, c6 duogc khi nghich ddo Yy bﬁng tién trinh phén tor hda ba goc.
Theo phuong phap cii V,fk) (p =1, 2... n, p # s) & phia bén phai (6.26) dugc thay

1) va phai giai phuong trinh bac 2 diéu nay s& gap kho khin néu cin bac 2 cia

bang Vlf
A 1a s6 am. Chiing ta s& xay dung thuit toan tinh lip voi ma tran Zyg c6 san.

Qua trinh tinh I3p dimg lai khi Max|V,*"" - v,¥| < C,
6.6.2. Phwong phap sir dung ma tran Zyy,.
Pé tién loi ta dua phuong trinh nut hé théng vao ma tran Vg = Znae Inae va sép

x€p lai nhu sau:

v 5 l,
oz, : Z | :
=l ] (6.27)
V.| |zZ] : zZ, |1,
V, : I

ViV biét trude nén ta tim I tir (n -1) phuong trinh dau nhu sau: Rat tir (6.27) va
chuyén vé nghich ddo Zjta co:
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. =—ZZT1 .+ Z. V. (6.28)
V(’Yl II7\-/uTt:(ll’I2’ ----- Isals+19 In)

Thé vao phan con lai cua (6.27) ta dugc:
Viie= (£, — ZbZt;IZbT)INu'/'t-i_ szglvs

(6.29)
= Z i wur+ B Vs
Véi: b=2,7 va Zy,=(Z,-2,2,'Z])
Chu ¥ 1ang Znae # Zyy
T 6.29 ta thanh 13p cac vong lap Gauss - Seidel nhu sau:
VI = Zqu( im +z Z po(— ik))+b V, p=12,.mp#s (6.30)

q
q#s q#s

Qua trinh 13p dung lai khi:
Max|V,*V-v ¥ <Cc, p=1,2,.
Ta thiy phuwong phap nay hdi tu nhanh hon phuong phap thira s6 Zero vi ngay tai
budc 1ap k+1 cac nut p duge diéu chinh bang dién ap tai cac nit p-1, p-2, ..., 1 tai budc
k+1 nay.

6.6.3. Phwong phap sir dung ma tran Z véi nit hé thong 1am chuan:

Trong phuong phap nay, tat ca tong tré mach 1€ duoc bo di va anh hudng cua n6
dugc thay thé bang dong bom thich hop va nhanh ndi dat ho mach.

Vi dién 4p nut hé thdng da biét nén tit ca (n -1) nat con lai véi nat ndi dat 1am
chuan, dién ap duoc tinh nhu sau:

Vit = Zgs-Inae T hVs
(6.31)
Véi  h'=(l.....1)

Dé thé hién tong dan mach 1€ tai nat p la Y,, ta bom vao mang dong am nén
dong dién bom vao mang thyc té la:

*

l,= Vﬁf -Y,V, (6.32)
, P
Biét I, thanh 14p vong lap Gauss - Seidel tinh V,, rat tir (6.31) nhu sau:
p-1 n
VI =»Z 1 +Zqulé") +V, p=12,..mp=s (6.33)
g#s C#S

y S,
Vi 1, =—L-YV,
Vq

6.6.4. Phwong phap tinh ludn ca nit diéu khién ap:

Néu dua ludn cac nut diéu khién ap vao tién trinh tinh toan thi lam twong ty nhu
phuong phap ma trdn Yyg. Trong tinh toan dong dién nit ta thay Q" bang Q v (gia tri
phdéng doan). Pi¢n 4p cua nit dugc udc chung nho s dung gié tri Q & trén, ph?m thuc
va phan 4o cta né duogc diéu chinh thoa man do 16n dién ap va giit cho goc pha khong
ddi. Str dung gia tri gidi han cua Q dé chuyén tir nat P-V sang nut P-Q hay nguoc lai
khi vugt qué gidi han.
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6.6.5. Hoi tu va hiéu qua tinh toan:

Néu tat ca cac nat déu 13 nat P-Q thi c6 thé tinh toan ma trin Zyy mot cach truc
tiép 1a sudng sé, vi dong dién ctia mdi nut déu anh hudng dén tit ca cac nut khac thong
qua ma tran Zyg gén nhu dﬁy du hoi tu nhanh vao 8 dén 20 vong 1ap so véi mot s6 lén
vong lap theo phuong phap vong 1ap Y.

Trd ngai 16n nhat cua phuong phép 14 can phai cét glu: ma tran Zyy day du, tham
chi khi di sir dung tinh d6i xtng cua no cung can hon n’ bién (gom ca phan thuc va
phan 40 clia ma tran Zyg) duoc cat giit. Vi vay cach giai bi han ché st dung. Khi sir
dung b6 nhd phy nhu dia hay bang tur thi thoi gian tinh toan lai gia tang, trong truong
hop d6 phuong phap ma tran Zyg it hiéu dung. Phuong phap nay chu yeu dung cho cac
bai toan vé tdi uu hoa viéc truyen cong suat khi c6 tro gitip cua nhiéu may tinh. Str
dung no truc tiép trong phan diéu do cong suat toi wu.

6.7. PHUONG PHAP NEWTON:

Phuong phép pe‘ly st dung phuong phap ndi tiéng ciia Newton - Raphson dé giai
phuong trinh phi tuyén mdt bién:
Nhic lai tinh than chu yéu ctia phuong phap newton nhu sau :

Néu f(x) = 0 1a phuong trinh phi tuyén thi khai trién f(x) theo gi tri dau x© nhu sau:
©
FX)+ (x=x) ' (xP) + (x=x0)° f'"(x9)+..=0 (6.34)

Bo qua s hang bac cao chi giit lai phan tuyén tinh ta co:

f(X(O))-i—(X—X(O))f'(X(O))ZO (6.35)
Giai (6.35) bang phuong phap 1ip nhu sau:
(0)
Thay x = x" ta duge:  x® = x© iG] (6.36)
fr(x)
Tiép tuc khai trién tai x D 41 tinh xV cur nhu thé x* Y
(k+1) (k) f(x*)
X" = X" — (6.37)

fr(x")

Pay 1a cong thire 1ip Newton. Khi mé réng cong thirc (6.37) cho ham nhiéu bién

thi ta c6 phuong phap Newton - Raphson. Phuong phép nay méi 1a phuong phép ma

tran dugc ung dung trong giai tich mang. V6i truong hop gia thiét c6 n phuong trinh
phi tuyén n bién, ta c6 phuong trinh nhu sau:

F(x) =0; fi(x1,X2,.....Xy) = 0; i=1,2,...n (6.38)
Vay: x*0 = x® —[F' (xX*)]"F(x*) (6.39)
Trong d6 F’(x) 1a ma tran Jacobien cua F(x):
o, o,
6).(1 0X, 8x,,
Fl(0= { i }: s (6.40)
0X; :
of, of, of,
| 0X,  0OX, oX,, |

Trang 87



GIAI TICH MANG

Cac vong lap cua (6.39) dugc chia ra lam hai phan: Phan hiéu chinh va phan
g6m khdi cac phuong trinh tuyén tinh.

bit J¥ = F>(xY) thi phwong trinh (6.39) twong duong véi hé sau:

- F(x®) = -JWAX® (6.41a)

- XED = x® 4 AX® (6.41b)

Phuong phap Newton c6 ddc tinh hdi tu bac 2 va dién mao hoéi tu khong gié)ng
cac phuong phap khac. Tr6 ngai cua no6 la phong doan ban dau phai gan voi 10i giai dé
cho phuong phap hoi ty. Voi hé thong dién, diéu nay khong nghiém trong ldm vi ta kinh
nghiém c6 thé dwa ra phong doén tot.

6.7.1. Giai quyét trao lru cong suit:
Xét phuong trinh hé thong (6.1) dudi dang mé rong:

1,=>Y7V, p=12.n (6.42)
gq=1
Lién hop hoa va nhén (6.42) v61 V,, ta co:
V,I,=8,= VPZ;Y;qVJ (6.43)
q:

Tach phan thyc va phan 4o ra:

P, = Re{VpZY;qVq*} p=1,2,..n (6.44)
g=1

Q, = Im[VpZY;qVq*} p=1,2,...n (6.45)
g=1

6.7.2. Phwong phap @6 léch cong suit ¢ trong toa dd cue:
Phuong phap Newton st dung d9 1éch cong suit trong toa d6 cuc dugc st dung
rong rai trong tinh toan trao luu céng suat phuong phap toa do vudéng goc kém hi¢u qua
nén khéng x€t & day, trong phan nay ta ki hiu:

= [ Vil £(6;)

qPq Gp - g

Ypq = Gpq 1Bpq

Do do (6. 44) va (6.45) biéu dién trong toa do cuc nhu sau:

P— 1V, 1[G, cos6,, + B,y sind,,) |V, [|=0 (6.46)
g=1

Q,- 1V, [G,sin6,, - B, cos8,)|V,]]=0 p=1,2..n (6.47)
g=1

Gia thiét n 12 tong sb nat ctia mang dién, nat thir n+1 1 nat can bang, sb6 nat P-Q
lan;, P-V1an,valnuthé théng vi vay n = n;+tn,+1.

Nhiém vu ctia chiing ta 1 tim d6 16n dién ap chua biét [V| (n; sd) d6i véi nit P- Q
va goc pha chua biét (n; + n, s6) ¢ ca nat P-V va P- Q. Coi X la vecto bién (gdm ca an
IV| va q), va vecto Y 13 vecto cac bién da biét [thi X gdm 2(n; + n,) phan tir va Y gdm
2n; +2n, +2 phan tir .
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_ y _

e maa °t ainuithadthadng
|v|}a|maumw A
P- p P

X = 0 ., Q o Y= § aimammuitP — Q
aimaunui Q pp

o P-V 2

P L AimamuitP -V

14K

Tir hé phuong trinh (6.46) va (6.47) ta chon s6 phuong trinh bang s6 bién ciia X
tir 46 dua dang phuong trinh trao luu cong suat phi tuyén F(X,Y) = 0 vé dang F(X) =0
bang cach khir di cac bién da biét cua Y.

Chung ta c6 dang F(x) nhu sau:

2.46 ChocaiquitP-QvaP -V vaii P,=P**
F(X)= o N e P 1=0 (6.48)
2.47 chocaimuitP - Q vaii Q,=Q7Y
Cudi cung ta c6 2n; + In, phuong trinh vira bang sb bién cua X.
Céc phuong trinh nay viét lai dudi dang ma tran:
AP
=0 (6.49)
AQ
V6i AP, =P*-|V, | (Z(qu cosd,, + B, sin ﬁpq)| v, \] (6.50a)
g=l1
AQ, =Q¥-|V, | (Z(qu sin@,, - B,,cosd, )|V, yj (6.50b)
g=1
) p=1,2..n;p # s,p # nut P-V
Viét dudi dang cong thirc Newton phuong trinh (6.41a)
AP H N Ag
{ } :[ } x| AV 651)
AQ (k) M L (k) |V "

Aq 12 vecto con gia s6 ctia goc pha tai cac nat P-Q va P-V.
So do khoi thuat toan Newton - Raphson trong toa d§ cuc dugc trinh bay trong
hinh dudi day.
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BEGIN

Xac dinh s0O liéu vao Gp, Bpp, Gpg,
qu

v
Chon tri sO dién ap ban
dau Vp(o), p=1,2,..n

»
L

Tinh AP,®, AQ,* theo V,®
Lwu MaxAP,,, MaxAQ,.Tinh Jacobi, p=1,2,..,n

\4
Xac dinh d6 thay d6i cue dai cla dién ap
Max|AV,* | = [V, &V v, ¥ p=1,2,..n

|

Kiém tra
MaxAP, < C,
MaxAQ, < Cq4

\4

V,=V,¥ v,

Nghich ddo ma trén Jacobi p=1,2,..,n

Tinh Aq va A|V|/|V] :
Tinh dong cong suét,
2 At dion ar dién ap
Cép nhat dién ap nit va goc pha cn 4p......
e TR :
=g+ A ,
o i & / In két qua /
END

Hinh 6.4 : So @b khbi thudt toan Newton - Raphson trong toa dJ curc
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