Chuong §
TINH TOAN DONG PIEN NGAN MACH QUA PO

5.1 CAC TRUONG HOP TINH TOAN

Trudc hét cin nhéc lai ring cdc phuong phdp tinh todn dong dién ngin mach 3
pha qué d¢ trong chuong nay thude vé céc phuong phidp thyc dung, chil y&u 1a xdc
dinh bién d¢ (hay tri s& hiéu dung) clia ddong dién ngin mach chu ky. Thinh phin
ty do, nhu da biét (chrong 1) xuit hién mang dic trung ngiu nhieén, tri s6 phu thudce
vio nhiéu yé&u t& bat dinh: thoi diém xiy ra ngin mach, gdc léch pha ciia dong dién
phu tai, ch€ do 1am viéc hé théng trude khi x3y ra ngin mach ... Vi vay thanh phin
ty do duge xac dinh riéng theo tinh huéng dién hinh nguy hiém nhat. Thanh phdn
chu ky ciia ddong dién ngan mach, nguoe lai, hoan toan xdc dinh bdi trang thii mach
sau su cd va siic dién dong may phat. Vi thé c6 thé xdc dinh wong déi chinh xdc.
Tuy nhién viéc mo ta diing cac thong s6 cia mdy phit dién (sdd va dién khdng qud
do) c6 y nghia rat quan trong. C6 céc truong hgp khac nhau cdn phan biét khi mé ta
théng s& may phat bdi chiing lién quan chat.ché vai phuong phép tinh:

- Mady phdt dién cuc 4n c6 cudn can;

- May phdt dién cuc 16i ¢6 cuodn can;

- May phat dién cuc 4n khoéng cudn can;

- May phét dién cyc 16i khéng cudn can

Bang 5-1 thé hién cdc dic trung cda 4 loai may phat ké trén

Bdng 5-1
Phan loai Roto Cudn can Sdd qua do bién khing
1 Cuc 4n ¢ E' =0 X"y = X'

E"dio Xd:xq

N E". 20 Xy < X"
2 Cuc 161 cé q 4
‘ E" #0 Xa# Xy
. E, =0 X, <X, =X
3 Cuc a 4 v 4 4
rcdan | khong E=0 X=X,
¥ E, 20 Xa <X, =X,
) q
4 Cuc loi khong E': P X, # X,

Vé phuong dién phuong phép tinh, ¢6 thé chia ra 2 trudng hgp: tinh gin ding
theo dong dién t8ng hop vi tinh chinh xdc theo dong dién thanh phin (doc truc va
ngang truc). Lira chon trudng hop nao trong tng dung 13 tuy thudc yéu clu vé do
chinh xdc va diéu kién thuc hién tinh todn. N6t chung, véi cac loai mdy phdt dién
c6 dien khiang X", ~ X", hoac X', = X', (xem bang) thi cé th€ 4p dung trudng hop
d4u (tinh ddng dién téng hop), phuong phdp tinh todn s& don gian hon so vdi cich
tinh chinh xdc theo dong dién thanh phén.
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5.2 TINH TRI SO BAN DAU CUA DONG DIEN NGAN MACH CHU KY

1. Tinh toan dong dién ngdn mach theo cac thanh phan doc truc
va ngang truc (tinh chinh xic)

Tri s6 ban dadu clia ddong dién ngin mach chiu anh hudng nhiéu bai tic déng cia
cuén can. Vi th& cin phan biét hai loai may ¢6 va khéng ¢6 cuén can. Cic may phat
thuy dién cong suit Idn néi chung déu dit cudn can, trir mot s& it may coéng suat
nhd. M4y phét tuabin hoi cua cic nha may nhiét dién cé roto hinh tru tron, cuc 4n,
tuy khong dat cudn can nhung hiéu wng bé mit cia 15i thép lai gi6ng nhu c6 cudn
can: do ban than 161 thép din dién 18t ty xudt hien dong dién xody khép kin trén mat
cye tr, tic dung giong nhu cuon can. Chinh vi th€ cdc mdy phét tua bin hoi ludn
duoc coi 1a ¢6 cudn can. V6i may phit khéng ¢é cudn can, tri hiéu dung cla thanh
phén chu ky tai that diém t = 0 duoc goi 13 dong dién ngin mach qua do ban diu
I'(0). Khi ¢6 cudn can - goi 12 dong dién ngén mach siéu qua d6 ban dau 1"(0). D&
don gian cdch viét trong muc nay ta bd qua cic ky hiéu thoi gian (0) khi viét céc
dai luong (dong dién, dién dp va sdd).

Ta xét bat ddu tlr ruong hgp chung nhat - may phdt dién cuc 18i ¢6 cuén can. D6
thi véc to thé hién trang thdi cia mdy phét tai t=+0 dugc V€ trén hinh 5-1. D€ tinh
duoc dong dieén ngén mach bude dau tién cdn x4c dinh tri s& clia céc sdd E", vaE",
tai t = 0. C4c dai luong nay nhur di bigt (chuong 4) khong nhiy vot tai thdi diém t =
0, do d6 c6 thé xic dinh theo théng s6 may phat & thoi diém trudce khi xay ra sy c6.

q
E, V L(XX)
E,
\ . IXcoso
IX;<{
7 N
X'
En Eu q q \\.
J‘“ 27 L X
EA [ L X sing
Vel-fir op 0 I
al ,g." ST = :
d 8 XN !
) E"d Ud Id
Hinh 5.1

Tu d6 thi véc tota céd :
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Using+IX,

t
8 Ucoso

Tir d6 ta tinh duge g6¢ €, suy ra géc lech: 6= £ - ¢ . V& cdc géc & va & da bigt c6
thé xé4c dinh ngay:

U,=Ucosd ; U,=Usind ;
I,=Icos& i I,=Ising ;
Thay vao cac cong thie s€ tinh dugec E*, vaE";jtait=-0:

EYy=0,- I, X",
Cic tri 86 sdd nay duoc 4p dung cho mach dién sau sy ¢6 (tai t = +0).

E',=U,+ 1, X" }

Pé minh hoa phuong phé4p ta xét so d6 don gidn nhét, may phat néi véi diém ngin
mach quaténgtrd Z,, =R, +j X .

Sau khi xay ra ngdn mach, phia bén trong m4y phat ta vin c6 quan hé:
E", =U0" + I/ X", }

E",=U",- I, X", (5-1)
Phia mach mgoai ta c6:
U =I",R+ I X
U=IR-TI\ X } (5-2)

O day, céc dinh luat Kirchhof I va IT thuc chat 12 cAn bing dong va 4p theo cAc truc
ngang va truc doc. Chi y ring dién 4p rdi trén dién trd clng truc voi dong dién
(cling pha), dién 4p roi trén dién cam cham pha so v6i dong dién 12 90°, do d6 I, tao
ra dién 4p rai cling truc q con I, tao ra dién 4p roi ciing phuong nhimg nguoc chiéu
véi tric d (thé hién qua dau cla (5-2)).

Céc phuong trinh thudc (5-1) va (5-2) tao thanh he du d€ gidi mach.
Gidiratacd: .
E,R, +E (X, +X,)
Rp +(X +X,)X, +X,,)
. E;Rng ~E (X, +X,.)
TORLH(X X)X +X)

I, =
(5-3)

Cuvéi ciing tinh dugc dong dién t6ng hop :
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\/E (R, +(X + X )N+ EMR, +(X, + X))
RL +(X; + X, )X, + X,,)

bay ciing chinh la tri s6 hiéu dung ban ddu cia ddng dién ngin mach chu ky (dong
dién ngan mach siéu qui d6).
Hay xét cac trudng hop riéng.

a) Khi coi gdn diing X', = X",

Tir biéu thitc evia dong dién ngan mach t6ng hop ta thay X" = X", s& nhan duoc :
"2 "2 .
E;/ +E, E’

RO Ry (X,

Nghia 12 ¢6 thé tinh ngay theo tri s6 sdd tdng hop E'_ va tdng tr& ding tri todn
mach.

b. May phat khéng cuén cadn :

Ta c6 thé truc ti€p suy ra cong thic tinh dong dién qua do Iy, I', bang cich thay déi
cdc ky hieu E*, E",, X", X", thanh E' E',,X';, X', v6i chd y thém 12 E'y = 0 con X',
=X, Tacé:

E;(Xq+X“g)
R:K+(X' +X, )(Xq+xng)
- E R,

TR AKX +X )(Xq+an)

]

= I+ 1

E \/Rz +(X, +X,,)’
I‘34»()( +X, )(Xq+Xng)

Néu ciing coi x4p xi X', = X', ta nhan duoc:
E.

'= JRL + (X, +X,,)?

c. Bo qua dién tré mach ngodi
Thay R,, = 0 vao céc biéu thirc ta c6 :
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E,  ,__E

Id =—0 q =
X,+X,, X, + X,
Vdi mdy phat khong cuén canmaR,, =0,tacé:
, E, .
[, =——; [,=0
X, +X,,
: E,
Nhu vay: I'=sl, =——7—
Xa+ X,

khéng phu thudc vao su sai khac gira X', va X', = X, .

(5-4)

(5-5)

V& nguyén tic phuong phap chinh x4c vira néu c6 thé dé 4p dung tinh tri 56 ban
diu cla thanh phén ddng dién ngin mach chu ky déi véi so dé hé théng phic tap
(cAn thiét 1ap hé phuong trinh mach ngoai theo timg truc). Tuy nhién, cic tng dung
thuc t€ cho thiét k& van hanh HTD it khi yéu c8oe 4p dung phuong phap tinh chinh

xac nhu trén. Cac 1y do chu yéu [a :

- Da 36 céac tng dung khéng yéu cdu d6 chinh xéc that cao ddi vai dong dién ngin

mach.

- Néu coi X", = X", va X', = X, sai s6 mic phai dd nho. D6 1a vi su saj khac gitra
E" va E"_ cling nhwr giita E' va E'. khong nhiéu, nhat 1a xét vé bien d6. Diéu nay rat
dé giai thich duge khi trong trang thdi ngdn mach gia I va E léch nhau gin 90"
(dién trd mach ngoai bé). Hinh 5-2 thé hién cic sdd gin diing trong 2 trudng hop :

may phat ¢é va khéng cé cudn can.

q
E I E“-t
4 " .
L/ oX-X) -
EQ‘
rx

Fy(X-Xy)

, / Iy X%
[JI q k- “_E___ U" I||
I ar ’l'=_ = 14 U
o oo
- E"d U‘d rd

Hinh 5.2
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2 -Tinh gin diing dong dién ngidn mach theo cic dai luong tdng hop
Céc budc thuc hién nhu sau :

a- Xdc dinh tri s6 hiéu dung (gdn dung) cua cdc sic dién déng mdy phdt.
Theo cdc cong thitc da dua ra trong chuong 4, ta co :

E" = (Ucoso)? +(Using+IX,)’ iy
(5-6)

E. =/(Ucosg)? +(Using +IX,)’

trong d6 U, I, cose la dién 4p, ddng dién va he s6 cong sudt & ddu cuc mdy phat
trong ch& d6 xdc 1ap trude khi xay ra ngan mach.

Déi vai hé théng dien phiic tap, d€ tinh toin dong, 4p phan b6 (trong d6 cé dong
dién va dién dp d4u cuc cic mdy phdt) tuong ting vdi mot ch& do xédc 1ap nao dd,
hién nay thudng sir dung cic chuong trinh tinh todn trén may tinh. Khi dé dién dp
ddu cyc may phat con duoce xic dinh ca vé géc lech pha. Vi du, dién 4p ddu cyc
mdy phdt thi'i nao dé:

U. =U.£6.
Khi d6 sau khi tinh bién IdQ (hz.iy hiéu dung) clia sdd cho mdy phét nay, c6 thé xdc
dinh dugc géc pha:
Ye=0+93
=5-¢ +0
Trong d6 géc & xdc dinh tir biéu thite: (xem d6 thi véc to) :

tgF = Usine +IX, ‘

Ucoso
Gén ding, ngudi ta con coi gée pha cia cac sdd xap xi bing nhau va bing 0. Sai s8
mdc phai cing khong 16n. Ngoai ra, khi thi€u s6 liéu v& trang thdi lam viéc cla mdy
phét trude khi xay ra ngin mach, ¢6 thé 1y 1=1,,, U =U,, vd cosQ = cos@y,, =
0.8 d€ tinh todn. Khi dé trong hé don vi tuong d6i dinh midc ¢ha mdi mdy phit ta
co:

E’ = \/(cosgo)z +(sin@+X;)?

_ (5-6.a)
E = J(cosq;)z +(sing+X,)?

b. Thiét ldp so dé tinh todn cia HTD tai thoi diém t = 0 sau khi xdy ra ngdn mach.

Do t4n s6 hé théng khong thay d6i (k€ ca sudt thdi gian xay ra ngin mach) nén
so d6 phin ludi dien khong c6 gi thay d6i so vai khi tinh todn ché do xdc 1ap (xem
chuong 2).

Riéng may phat dién dugc thay thé bdi so d6 mach gidn ddng nhu néu trén. Vai
may phat cé cudn can, so dé bao gém sdd si¢u qui d6 E” = E" Zw_ néi tigp
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vé1 dien khdng sieu qua do¢ X",. Khi may phat khong cudn can, cén thay thé bing
E' vaX.,.

Phu tai tai thoi diém ddu cia QTQD dugc thay thé trong so d6 theo nhimg céich
khac nhau phu thudc vao tinh chat phy tai va vi trf clia diém ngan mach.

- Phu tai 1a cdc dong co 1én nim gén ngay diém ngdn mach cén thay th& bang sdd
sieu qua do E"_ va dién khdng siéu qua do X" (cua ban than dong co).

- Phu tai tdng hop & xa diém ngin mach co thé xét dén nhu d6i véi ngan mach duy
tri (thay bang tdng trd c8 dinh).

- B6 qua (khéng dua vao so dé) cdc phu tai téng hop tuong déi gdn diém ngan mach
(xem muc 3).

¢. Bién d6i so d6 va thigc hién tinh todn dong dién ngdn mach.

C6 thé thyc hién tinh todn bing tay (véi so dé tuong d6i don gian) hoic sir dung cac
chuong trinh mdy tinh (d6i vét HTD phidc tap).

Vi du 5-1. Mot may phdr dién déng b6 ¢6 X", =02 X", =035 ; X,=1,00; X, =
0,65 dang lam viéc vdi dong dién va dién 4p dinh miic, cos ¢ = 0,85.

Hiy xdc dinh tri s6 ban diu clia dong
dién ngén mach chu ky 1'(0) tai diém

F U K ngin mach N sau khdng dién dat tai
@ | N 4N ddu dudng day néi dén phu tai. Biét
I L/ / may phit cé S, = 30 MVA ; U,, =
10,5 kV. Khing dién ¢6 U,, =10,5 kV,
I, =185 A, X% =6.
Hinh 5.3

Giai. Chon hé don vi tyong d6i véi S, =
30 MVA, U, = 10,5 kV, khi dé dién
khang may phat van cé tri s& nhu da cho. Dién khdng ctia khdng dién :
_ XK % Udm ch

K =

100 1, U,
_6 165 s

100 0,185

S 30

Trong dé: =1,65 kA

[ o Se
® J3U, 3.105

a. Tinh chinh xac theo cdc dong dién thanh phan :

Theo dé thi vecto hinh 5-1:
Using +1X

tgf =
8 Ucoso

_ 1.0,53+1.0,65 139
1.0,85 ’
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Tir d6 tinh duoc géc: & = 54,3°
Biét cos ¢ = 0,85 suyra » = 32" . Nhu vay:
§=F-¢=543-32=2273".
Tiép theo tinh cac thanh phdn cia sdd :
U, =Ucos? =1.c0s223%° =093 ;
U, = Usind =1.sin22,3" = 0,38 ;
0 .
[, =lcos€ =1.cos54,3" =0,58;
I, =Ising = 1.5sin 54,3° = 0,81 ;
E,=U, +1,X;=093+081.02=109;
E, =U,-1,X, =038-0,58.035=0,18 .

Thay E", va E", vao biéu thic (5-4) véichi y1a X, , =X, =053, R, =0tacé:

. E
Me——a M09 4
X, +X, 02+0,53
E, 018

[ =— = =
X +X, 0354053

I;, = 1,492 +0,22 =1,5

U, =1\ X, =15.0,53=08

b. Tinh gan diing theo E”_.
Ap dung c6ng thitc tinh :

E" =(Ucosg)? +(Using+IX})’
= J(1.085)2 +(1.053+1.0,2)* = 1,12
E. 1,12

X, +X, 02+053

1,53

N

Sai $6 2% (I1n 1én) so vdi cdch tinh chinh xdc. Nhu vay, sai s6 khi ding phuong
phdp gin ding 18y X", = X", 12 d0 nho, trong khi phép tinh don gian hon nhiéu.
Ngoai ra theo théng s8 v6n c6 cla cdc mady phat da ché tao (X", = 0,15 + 0,25), néu
trude khi su 6 mdy phat Jam viéc & ché dé gin dinh miac (U = 1,0 ; I = 1,0), tinh
theo (5-6,a) ta ¢4 tri s6 E"_= (1,0 + 1,2). Vi thé, nguai ta con 18y gin diing E" =1,1
khong cédn tinh todn. Trong vi du trén E"_ = },12 cfing x4p xi v3i tri s6 nay. Hon
nifa, thue t&€ cdc may phat lam viéc thudng non tai, tri s6 E"_ tinh dugc nhd hon mét
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chit, do d6 18y E"_ = 1,0 cling hop 1y. Khi d6 phép tinh tri s§ ban dau ctia dong
dién ngin mach chu ky don gian nhu 12 phép 14y nghich dao cha dién khang ngidn
mach t6ng hap (coi sdd cha t4t ca cac may phat déu bang 1):

Edk 1

1., (0) = = : (trong hé don vi twong déi)
TR T £ &

hay : I, = XCb (khi ding hé don vj cé tén).

3. Anh huéng cua phu tai dén tri s¢ cta dong dién ngdn mach qua 86

Trong thanh phan phu tat ¢6 thé bao gédm cic dong co dién (déng bo va khong déng
b6), cdc thi€t bi chiéu sang, dung cu dét ndng, binh dién phan ... cdc thiét bi nay c6
anh hudng khdc nhau dén tri s6 clia dong dién ngén mach (tai thoi diém ban ddu).

w. Cae dong co déng bo :

Vé cau tao cdc dong co dién ddng bd hoan toan gidng nhu mdy phit dién déng bo.
Khi xdy ra ngan mach, & thai diém dau t = 0 dong co van tiép tuc quay theo quéan
tinh nén anh hudmg clia nd giéng hét nhu may phat dién déng bo. Nghia 1a ta c6 thé
thay thé¢ dong co dién ddng bo bing sdd sieu qui d6 £ noi ti€p vai dién khing sieu
qua do X". Tuy nhién khong phéi lic nao dong co ciing dong vai trd ngudn cung
cip dong dien dén diém ngédn mach.

- Néu ngin mach & rat gin thanh cai cung cap dién
HT cho déng co (Xy nho) thi sau khi xay ra ngin mach
dién dp du trén thanh cdi gidm xubng 4t thap, khi
8] dé E" > U, dong co s& gidng nhur cdc mdy phat cung
cap them dong dién dén diém ngin mach. Truong
X, X hop ngan mach ngay trén thanh cdi U = 0, déng co
sé€ cung cAp nhiéu nhat dong dién vio diém ngan
. mach, khong thé bd qua dwoc anh hudng ctia né
N E trong tinh todn.
g an

- Néu ngin mach tirang déi xa thanh cdi cung cap
thi dién 4p du U = E", nghia la dién dp can bang Vi
sdd, dong co hau nhu khong phat ra dong dién cling
khoéng tiéu thu. Khi d6 cé thé bo qua dong cd trén 5o dé tinh todn .

Hinh 5.4

- Liic ngan mach & rat xa, déng co c6 E* < U. Dong co vén tieu thy dong dién nhu
mot phan ur tdi thy déng & thdi diém da xdy ra ngin mach. Khi dé cé thé coi dong
co nhu (8ng trd cé dinh tinh theo céng suAt tidu thu (giéng nhu trong ché dé ngan
mach duy tr1).

b. Bong co dong khong déng bo.
Binh thudng dong co 1am viéc vai he s6 truot 14t bé (s = 2% + 5 %), do d6 vé

phuong dién tinh todn ddng dién ngin mach ban d4u c6 thé coi ddng co khong
ddng b6 gidng nhu déng co déng bod. Hon nita, ddng kich tir bing khong, khéng cé
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day_quén kich thich ma chi c6 cdc day quan can. Day quén ro to clia dong co khoéng
déng bo thudng 1a loai 16ng séc d6i xing theo cac truc nén chi cdn xac dinh mot tri
s6 dién khing X" = X", = X“. Thuc chat X" cha déng co khong déng bo chinh 1a
dién khang ngén mach, do dé tri s6 tuong déi cla né c6 thé tinh theo dong dién md
may :

X' = X-N = L (5-7)

l'mm

Dong dién md médy .., thudng duoc cho trong 1y lich dong co bdi nha ché tao.
Khi biét dong dién va dién Ap lam viéc cita dong co trude khi xay ra ngdn mach ta
tinh dugc sdd :

E"=\/(Ucos@)? + (Using - IX")? (5-8)

O day dong dien mang dAu trir vi 18y chiéu duong nhu mdy phat trong so dé thay
thé (hinh 5-5).

IXN

:E‘

Hinh 5.5

Cing gidng nhur trong mdy phat dién déng bo, tai thdi diém ddu, anh hudng cia
déng co khong déng bs dén diém ngan mach rat khéc nhau, phu thudc vio vi tri
clia di€ém ngan mach.

Thuce &, ta chi xét riéng cic dong co khong déng bo (nhu may phat) khi dong co
c6 cong sult rat 1on (tir 500 kW trg 1én) voi ngin mach xay ra O rat gdn thanh céi
cung cap. Dé 1a vi dong dién do cic dong co khong déng bo cung cap bi giam rat
nhanh va céri $8 ciing nho.

c. Phu tdi 16ng hop. _
Phu tai tdng hop cé thé chita cdc dong ca (ndm trong thanh phdn cdc thiét bi
dung dién). Tuy nhién, kha ning cung cap dong dién tir phu tai nguoc vé diém ngan
mach thudng it. Khi tinh todn tri s6 ban ddu cha thanh phan chu ky dong dién ngin
mach c6 thé 1dy gan ding E” = 0,8 va X" = 0,35 dé dua vao so d6 thay phu tai téng
hap. Cic trj s6 trén duoc tinh trong hé don vi tirong d6i, véi dién 4p ca ban 1a tr s6
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trung binh cta thanh cdi cung cap. Cong sudt co ban 12 téng phy tai (tinh bing
MVA) néi vao niit tinh todn. N6i chung, trong céc tinh toan gin ding ddng dién
ngin mach qui d6 ban d4u phu tai téng hop cé thé bd qua (nghia 12 coi phuy tii
khong c6 anh hudng tang cudng thém ciing khong lam gidm dong dién ngédn mach).
Vi du 5.2, So d6 hé théng dién nhu hinh v& 5-6,a. My phdt dién khéng cudn can cé
céc théng so sau : Sy, = 30 MVA ; U, =63kV X, =021 ; X =X =172 ;
khang dien ddu dudng day : U, =6,3kV I, =330 A X% = 6%. Trudc khi
xay ra ngin mach, dudmg day & trang thai khong tai. Mdy phat lam viéc & ché do
dinh mitc cung c4p cho phu tai §, véi cos ¢ = 0,8,

Tinh dong dien ngin mach xay ra tai ddu dudng day (sau khing dién) trong 3
truong hop: phu tai duge gia thi€t nhu phédn i thudn khang X,= 1,2 ; coi phu tai
nhu mdy phit véi E" = 0,8 ; X" = 0,35 va bo qua phu tai.

- LN E.Ii—f)\(rl\ f):: 4N
O—1+—D % x, T ¢

a) b)
Hinh 5.6

a- Col phu tdi 0 xa, thay bang dién khing X, = 1,2.

So dé thay thé he théng nhu hinh vé 5-6,b. Chon cdc lugng co béan 1a cong sudt va
dién 4p dinh mirc cta may phit. Khi dé cac dién khing may phat va phu tai gii
nguyén tri sé.

S, 30
U, 3.63
Dién khidng clia khang dién :

- X% I, 6 2,75
T 100 1, 1007033

Vé mo hinh mdy phat, 1a ciing ¢6 thé biéu dién chinh x4c hoic gin ding. Khi tith
chinh x4c ta d4p dung d6 thi véc to hinh 5-1 dé tinh :

Dong dién co ban: I,

=275kA;

K

b

Using +1X
tge = —————*
Ucoso

10641172

2,9
1.0,8
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Suyra: & =71°

G day U= 1, I= | vi&ché do6 xac 14p trudc khi xdy ra sit c8 mdy phét 1am viec vai
Ui » La, triing v&i cdc lugng ca ban . Vicosp =0,8nén ¢ =36,8". Suyra: 8=¢F-
o=71 - 36,8 = 34,2"

Tir dé 1a tinh duoc :

U, =Ucosd =1.c0s34,2° =083 ;

[, =1sing =1.5in71° =094 ;

Eq =U, + IdX; =0,83+0,94.0,21 ={,03 .
Theo céng thuc (5-5), hic R, =0, thi:

[, =—3— Iq =0 .

Xa+X,,

va dong dién chay trong may phat :

: E,
L (0) = ——

Xa+ X,
Trong truong hop nay :
1,2
X, =X 11X, =L=0,356 ;
05+1,2
1,03
- 20 182
Far (0) = 0,21+ 0,356
Dong dién ngédn mach chay qua mdy cét ;
X
I =1y —t—= 1,82.—L =129 ;
X, + X!Jl 0,5+1,2

W(kA) =11, =129.275 = 3,55 kA.
Khi mé hinh gan dung may phdt dién ta c6 :

= J(Ucosqo)z +(Using +IX, )’
=..082 +(0,6+0,21)? =1,138

I'NF= .E_ _ 1,138 201
X,+X,, 021 + 0,356
Tang len {0 % so vai lic tinh chinh xdc. Nguyén nhan cé sai s8 nhiéu 12 do sy khéc
nhau dang ké gia X', va X', = X,.
Ta cing c6 nhan xét 1a khi R = 0 thi m6 hinh mdy phit theo E', va X', 1a hoan toan
chinh xic. Do d6, ké ca khi R nho, ngudi ta hay mo6 hinh may phat khéng cuén
can bang E', va X', (thay cho E' _) dé c6 do chinh xdc cao hon. Liic d6 vin 4p dung
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dugc so dé mach dé tinh theo dong dien ngdn mach 18ng hop. (Viec xac dinh E', ¢6
phic tap hon mét chiit so vai E').

Ta hay so sanh k&t qua vdéi trudng hop bd qua anh hudng phu 1ai (nghia 13 coi
phu tii khéng cung cip dong dién ngdn mach dén diém ngin mach, ciing khéng
tiéu thu dong dién nao). Khi dé:

£
= i = 1,03 =1,45 .

X, +Xy 021+0,5
Tri s6 nay sai s6 vdi dong dién bén trong may phit 1a 20 % (gidm di) va sai s6 véi
dong dién cung c4p dén diém ngin mach 13 12 % (tang lén).

INF = I'N

Trong trudmg hop nay thuc ra chua thé két luan duoc két qua nzo ding hon boi
cdn phu thudc vao trang théi thue phu tai. N&u phu tai chifa thanh phin cic dong co
nhiéu, lai tuong déi gan diém ngin mach thi viéc coi tai 1a thudn khdng va bing 1,2
s€ c6 sal s6 nhiéu bdi khi d6 phu tai tinh todn s& 1am gidm ddng ngin mach chay
dén diém ngin mach va lam tang ddng ngén mach chay trong nguén nhiéu hon la
thuc t&. Nguoc lai néu tai d xa va chia chi yé€u 1a cic thanh phan tai thu dong thi
viéc bd qua phu tai, sai s& s& nhiéu hon.

b. Coi phi tdi nhu nguén sdd voi E" = 0,8 va X* = 0,35.

E|, X. vy X éN
—M M\
— I . /
. TI" I'y
X =0,35 n
E"=0,8
Hinh 5.8

Dong dién cung cidp d&n diém ngin mach dé& dang tinh duoc bing cich bién déi
song song 2 nhanh ¢d nguén :

£ _EuX'W+E'X,  1,03.035+08021
: X", +X 0,35+0,21

X, = X'y X", _ 021035 _
XX, 0214035
N=Edl - 0,944 1,496

X; 05+0,131
D& thdy, trong trudmg hop niay phu tai cung c4p dong dién d&n diém ngén mach
. _ 08-0,748
. 0,35

= 0,044

0,131

=0,149 .
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Cich mé ta phu tai nhu rén ¢6 wu diém a né tr dong phan 4nh tuong quan vi tri
cha phu tai trén so dé (gin diém ngin mach s& cung cdp dong dién nhu mdy phit,
xa diém ngin mach va canh nguén thi vin tiéu thy dong dién nhu phu taj. Tuy
nhién nhuge diém cila cich m6 ta nay 1a kh4 phife tap bai trong so dé c6 mot s& huong
16n phu tai téng hop.

Trong thyc t&€ khi tinh tri s& ddng dién ngin mach ban d4u, phé bi€n nhét vin Ia
cach bd qua phu tdi. K&t qua cho sai s6 ¢6 thé chap nhan duge, déng thai phép tinh
lar don gian nhat. Tuy nhién, ciing khong duge quén céic truong hop dic biét nhu
ngin mach canh nhimg déng co 16n (n6i véi thanh céi tu ding ciia nhi may dién
chang han) hodc canh nhimg phu tai 16n hoan toan thu déng (16 luyén kim, xudng
ma dién...). Khi d6 bd qua phu tii chic chan s& méc phai sai sé 16n.

5.3 TINH TOAN DONG DIEN NGAN MACH BANG CAC CHUONG TRINH
MAY TINH

Ben canh viéc thuc hién tinh todn dong dién ngin mach bang tay, hién nay
ngudi ta st dung phd bién cdc chuong trinh mdy tinh. Cic chuong trinh nay, cha
yéu thuc hién cdc tinh todn xdc dinh tri s6 hiéu dung ban ddu clia dong dién ngén
mach chu ky hoic tri s6 hiéu dung ctia dong dién ngin mach duy tri. C4n ndi thém
la viéc sir dung cdc chuong trinh may tinh khong 1Am thay déi ban ch4t ca phuong
phép tinh. Sai s6 ciia dong dién ngdn mach tinh todn so vdi thuc t&€ van phu thudc
chil yéu vao cach lua chon mé hinh. D€ tinh chinh xac ngudi ta thiét 14p cdc chuong
trinh tinh todn dong dién ngin mach theo mé hinh cdc dai lugng thanh phin (doc
truc va ngang truc) cila may phit. Theo mé hinh gdn ddng (v6i E”_ hoidc E') ngudi
ta x4y dung cdc chuong trinh tinh todn tric ti€p dong dién ngin mach tdng hop (tri
s& hieu dung). N61 chung, yéu cidu vé do chinh xdc cla cdc tinh todn ngidn mach
thuc t€ khong cao 14m nén da s6 cdc chuong trinh tinh todn ddong dién ngan mach
déu thyc hién theo mo hinh gdn ding. K&t qua nhan duogc sé 1a cic dai luong 16ng
hop (tring vai tri s6 hiéu dung) cha ddng dién ngén mach chu ky.

Nhu da néu trong chuong mét, ciing t6n tai cac chuong trinh tinh todn tri sé tdc
thdi ctia dong dién ngin mach toan phdn (bién thién trong mét khoang thai gian
cdn khdo sit). Tuy nhién muc dich clia cdc chuong trinh ndy thudng thudc vé cac
nghién cin tdng hop hon : khao sdt qué trinh qui d6 dién tr. C4c img dung cua céc
chuong trinh nay 1a phan tich cdc hién tugng qué dp, hién tugng cong hudng dién
tr... khi ngdn mach va déng cit cic phin tir. N6i dung nay ndm ngodi khuon khé
cla gido trinh ( ¢6 thé xem thém trong phin phu luc). Chuong ndy chi yéu xem xét
cdch mo hinh va thuat todn gidi bing chuong trinh mdy tinh nhdm xic dinh tri s8
hiéu dung ban ddu cla dong dién ngin mach (thanh phdn chu ky) theo cich tinh
gin ding.

1. M6 hinh hé thong dién va hé phuong trinh trang thai ngdn mach

Trong mé hinh hé th&ng & trang thdi ngdn mach ban ddu c4c mdy phit vi phu tdi
duoc mé ta gan diing theo c4c dai lugng sau :

- Mdy phét dién c6 cubn can E"_ | X",

- Mdy phat dién khong cuén can E',, X',
- Cdc dong co dien déng bo & gdn diém ngin mach: E"_, X",.
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- Cac dong co dién khong dbng bo & gan diém ngdn mach : E" | X" véi tri s6 x4c
dinh theo (5-7) va (5-8)
- C4c phu tai téng hop : E" = 0,8 va X" = 0,35 hoic bd qua.

NGi chung ¢6 thé bd qua phu tai tdng hop, sai s6 mic phai khong 16n. Néu biét
r6 phu tai & xa diém ngin mach va chia chit yéu cac thiét bi diing dién thu dong, ¢é
thé thay th€ phu tai bing téng trd thuin khdng, nghialacoi E" =0, X" = X. = 1,2,
Cic phdn tr khac thuée ludi dién duge mé ta hoan toan gidng nhu trong ché do 1am
viéc binh thuomg (bsi khi ngdn mach t4n s6 vin duge coi 1a khéng déi). Théng s6
tinh todn ca cdc phdn tir ¢4 thé biéu thi & don vi tuong d6i hoac ¢6 tén. Khi ludi cé
nhiéu cap dién ap, néu dung he don vi c6 tén cin qui v& mot cip dién ap hoac si
dung m6 hinh nhanh téng quat, chita may bién 4p ly tudng (xem PL-3).

Khi thiét 1ap hé phuong trinh trang thdi ch€ do ngdn mach trong cdc chuong
trinh m4y tinh ngudi ta gia thiét ludi dien c6 dang t8ng quét. Gia thi&t Wi bao gém
N +1 (ndt k€& ca nit 44t véi s6 higu 13 0). Gitra nit i va nit j [a nhdnh c6 téng trd Z,
. Hé théng bao gém F niit nguén véi cdc sdd E;" da bi&t. DE tién lgi trong mo ta, cac
sdd nguén ciing duge ky hiéu chung 1a U,, U,, ..., Uy (vét cdc s6 hiéu niit nguén xap
xép ddu tién rong thif tu s hieu cdc nit). Cling cAn chi y 12 cac nit ngudn duce
hiéu 13 cdc phan tif chita sdd E" nhur d néu trén (k€ ca cdc déng co va phu tai téng
hop). Giita ndt i va nit j nao dé thuc 1€ khéng t6n tai nhdnh, duge hiéu nhu van ¢6
nhanh nhimg vdi Z; = « hay téng din y, = 0. V&i cAch m6 ta he th6ng nhu trén ta
6 thé dé dang thiét 1ap he phuong trinh the nit.

Xét nit i bat ky, theo dinh luat Kirchhof 1 :

D6t vai nidt nguén, J; 1a dong dién chay trong ngudn bom vao nit, cdn véi cde niit
trung gian cdn lai J, = 0. Vi c4c phu tai t6ng hop hoac duoc bd qua hoic da thay th€
bing téng tr& ¢ dinh (c6 khi bing sdd E" va X") nén c4c nit khéng nguén ludn
lubn 1a cdc nit c6 J = 0. '

o N\U_ A N\
' i — j <—

_’I

|z

Hinh 5.9
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Ap dung dinh Tuat Om cho t6ng trd nhénh, ta ¢ :

~U -0
Yy ——=7, i=12,.,N
i Z,
J=i
hay
N 1 N
Z—UI—Z—I—szl‘ i=12,.,N
3 Z, z

SN _ . _ s , .
Y. = ZZ— - goi latdng dan trong hd gita nit i vanit j,

ta c6 thé viét lai hé phuong trinh & dang khai trién :
Y, U, +Y,U, + .. +Y, U, =1,
YuUl +Y22U2 t. +Y2NUN = jz

Y. U, + YU, +.. +Y,,U, =1, (5-9)
YF+I1U1 +YF+|2Uz +"‘+YF'INUN =0

Y. U + Y.,,U, +..+Y, U, =0

Hé bao gébm N phuong trinh. Ta khéng viét cho nuit d4t vi n6 la hé qui c4n bing
dong cia N ndt con lai.

He phuong trinh trén ¢6 F niit véi c4c dién dp di bist U, = E",, U, =E",, ... Uy =
E", nhumg lai chia TF dong dién trong ngudn chura biét nén vin ¢é di N 4n s6.

2 - Thuit toan loai trir Gauss

Thuit todn giai hé phuong trinh (5-9) trén mdy tinh thuong duogc dp dung la phép
loai trir Gauss. Thuat todn ¢ d6 tin cAy cao bai cdc phan tir trén dudng chéo cia ma
tran téng din luén luén khic 0. Cic bude thuc hién nhu sau :

a- Qud trinh thu hep su do.

D6 1a qud trinh lam giam din s6 bién va s6 phuong trinh hay ciing chinh 12 qua
trinh loai din cdc ndt trung gian. Trude hét, dé loai trir bién 4n Uy va phuong trinh
cubi cung theo thuat todn loai trir Gauss, cin chia 2 v& phuong trinh nay cho hé s6
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Yy~ Nhin phuong trinh nhan dirgc 14n lugt véi hé s6 cudi cing ciia mi phuong
trinh con lai va trir vao phuong trinh twong ting. Vi phép trir hai phuong trinh cé s6
hang cudi giobng nhau nén bi€n cusi Uy tridt tieu. He phucmg trinh tuong duong
nhan duge chi chita N-1 phuong trinh v3i N-1 4n s6 :

YV, U YL, U 4+ Y, Uy, =

Y.u U\ + ley Uz +"-+Y'z N-t UN—I = Jz

Y U +Y, U+ +Y. U, = 1. (5-10)
Y'FHI U, +Y'F+1 2 Uz +"'+YIF+I N-1 UN—I =0

YIN—IIUI + YIN-12U2+ +Y\II\IIUN =0

Cic nguén dong J, ... I khong bi thay déi vi v€ phai phuong trinh cuéi bing 0.
Dé thay, phép bién d8i cho mdi phén tir clia ma tran nhu sau:

NV M

[} Y Y
NN

]

Phép bién ddi c6 thé thyc hién lién ti€p d€ loai trir tat ca cdc phuong trinh iing véi
cdc niit trung gian (v& phai bing 0). Két qua nhan duge hé phuong trinh t8i gidn chi
bao gém F phuong trinh cta céc nit nguén :

YY", E"+Y,E" +. .+ Y. E". =],

Y, B Y B L+ Y, B =T, 1)

YoE +Y" e EY b+ YO BN =T

Pé nhan dugc hé (5-11) cdn thye hién lién tiép (N-F) bude. Ta goi budc thii k 1a
budc thyc hiép phép bién déi trong duong hé phuong trinh chita k dien 4p mit vé he
phuong trinh chi gém (k-1) nit v6i (k-1) phuong trinh, (k-1) 4n s6. Khi dé, phép
bién d8i mdi s6 hang clia ma tran ¢6 dang 18ng quét sau :

(k)x7 (k)

Y(k N _ Y(k) _ ij Y“‘
1} 1j Ym
kk

e diy ky htéu chi s6 (k) va (k-1) cho cdc dien din dé chi cdc phén 0r clia ma tran
tuong ung véi hé phuong trinh chda k va (k-1) dp nut.
b- Qua trinh mo réng so dé xdc dinh dién dp cdc nut.
Néu chi cin x4c dinh dong dién trong cic ngubn thi c6 thé diing ngay (5-11) dé
tinh toin, trong d6 dién ap cdc nit nguén déu d3 biét (chinh 1a c4c sdd E"). Tuy
nhién cén tinh dong dién ngén mach t6ng va dong dién ngén mach phan b6 trén cc
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nhanh cua so dé ban dau. Do d6 cdn thuc hién qud trinh nguoc dé tinh dién ap cla
c4c nit trung gian cia s d6 ban dau.

Xét hé phuong trinh nhan duge & bude F+1, nghia [a so dd con tuong 1ing chi
mot nit trung gian tht F+1 (ciing vdi F nit nguén) :

(Felyy’ (F+lyy (Fs1)Y (E+) 7 7
Y, U +Y, U+ Y U+ Y UL, =T
(Fal)y (F+)Y' (F+D) 1 (F+)y T
YU, +YSU, +. 4+ YEPUL+ YU, =,

(F+hyy (Fony (r+ny (F+i) 7’ 3
Yo U+ YU+ L+ YU+ Y U, =T,

(F+)) 1 Fey' Faly taly v
YOOU + YU+ 4+ Y EU, + YD UL, = 0

ValF FelF+l
Trong phuong trinh cuéi ciing ¢6 F dién dp nit nguén da biét nén ¢4 thé tinh duoc
ngay dién Ap nit treng gian :
F
(E+)Y
SV,
N7
UFH B Y!(I;)I:—]
Quad trinh mad réng so dé xdc dinh dién 4dp mit nhu trén dugc thyc hien lién tiép.
O méi bude thit k bat ky ta ¢6 :
k-1
oy
EYM Uj
L5
U, = Ty
hk
Khi xdc dinh duoc Uy thl toan bd dién 4p cic nit trong so d6 ban ddu da hoan toan
xdc dinh.
c- Xac dinh dong dién ngan mach phan bé'trén cac nhdnh :
Dong dién ngan mach trén nhanh néi giiya mit 1 va nut j :
U, -U,
| Zu
C6 thé mo6 14 so d6 khéi cdc bude thuc hién tinh todn trong chuong trinh x4c dinh
ngan mach nhu trén hinh 5-10.
3. Tinh toan dong dién ngin mach duy tri bing chuong trinh
Chuong trinh tinh toin ngin mach x4y dung dé tinh tri s6 hiéu dung ban diu
1"(0) cho dong dién ngin mach chu ky ciing déng thoi 4p dung dé tinh tri s& hiéu
dung cua dong dién ngan mach duy tri I.. Khi tinh ngin mach duy tri cn thay thé
cac ngudn bang dién 4p thanh cdi khong d6i Uy, hodc sdd gidi han E , nhur da néu
trong chuong 3.
Véi chuong trinh, viéc thuc hién tinh 13p theo gia thiét trang thdi nguén_(lilm viéc
vét dién dp dinh miic hoic ché& do kich tir giéi han) sé rat thuan lgi (bdi moi ldn tinh
co k&t qua rat nhanh). Cin chi y 13, v8i mdy phét cyc 16i 1am viéc & ché dé kich tir
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gi6i han mo hinh mach ciia né cting chi ¢6 thé gan ding bing cach coi X, = X,. 0
day can lay tri §6 cila X, theo X, (mac db X, < X,) bdi khi giéc pha dong dien iech
vai sdd gan 90’ thi sir dung X, s& chinh xac hon (xem d6 thi véc to hinh 3-4).

Théng sb
l luSi dién

Théng s6 nguén — Tinh hudng su cé
Nhap s6 lién  je——

v

Tinh 18ng dén 'Y

v

i=N
———>| Thuhepsodd

Tinh déng dién trong nquén
v
i=F+

M rong so dd
xac dinh U,

i=i+]

a
Tinh dong dién
phan bé |-

9

In k&t qud

'

End

Hinh 5.10

Ngoai ra, trong ché do ngin mach géc pha cia cic sdd duogce coi 1a khéng dét,
khi d6 ¢6 thé tinh g6c pha sdd theo ché do xdc lap trude su c6. Tuy nhién, gin ding
c6 thé 1dy géc pha clia cdc sdd déu bang nhau (do d6 ciing c6 thé 18y bing 0) dé
tinh todn. Sai s6 di nho (vé phia ting cao dong ngin mach) ¢ thé chdp nhan duoc.
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5.4 TINH TOAN DONG DIEN NGAN MACH TAI THOI DIEM BAT KY
THEO THQ3I GIAN QUA b0

Nhu da phan tich trong chuong 1 thanh phin chu k¥ (cudng biic) clia dong dién
ngan mach cé bién do bién thién theo thdi gian 14 do cac thanh phdn tir théng sinh
ra sdd ca mdy phét thay déi trong qua trinh qué do.

- O giai doan déu sy thay déi ciia sdd mdy phat 12 do anh hudng cua céc thanh
phin dong dién ty do xu4t hién trong céc cuén day ndm trén ro to (cudn kich tir va
c4ic cudn can).

- 3 giai doan sau, cic thanh phan tu do da tit din nhung sdd ctia may phat lai bi
bién thién do TPK (lam tang dong dién kich tir). Thudng thi bo phan kich thich
cuang hanh cioa TPEK tic dong lam tang dot ngdt dién 4p kich tir vao hai cuc cla
cudn day kich thich, dong dién kich tir trong cudn day roto tang lén theo quy luat
ham ma (cé thé tdi gidi han hoac khong, phu thuéc vao vi tri ciia diém ngin mach).

C6 thé minh hoa st bi€n thién clia dong dién kich tir trong may khong cuén cin
nhu hinh 5-11.

K
Il(t) Ird
IJ (]

Hinh 5.11

D6 cling chinh 1a dang bién thién ctia bien do sdd E,(t) (1 1¢ véi dong dién
kich tir). Hon nia trong nhitng diéu kién nhat dinh d6 ciing 14 dang bién thién bién
d6 cha thanh phan dong dién ngin mach chu ky. Ching han, véi mach dién don
gidn gém mot may phat ndi dén diém ngin mach qua dién khang ngoai X ta c6 thé
tinh gan ding:

E,() _ E,®)
X, +X X, ()+X
Hon nita néu chi xét rieng & giai doan ddu, cdn cé thé coi ddng dién ngdn mach
Ik (t) gébm 3 thanh phan:

Ick (t)=

_EBaw .
X, +X '
- Th2nh phian qud do AI'(t), bién thién va suy gidm theo hing s thoi gian cia
' E; Eqa
cuodn kich tir. Tri s6 ban ddu: Al' = — -
X +X X, +X

- ‘Thanh phan duy tri khong thay déi theo thdi gian: I, =
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Thanh phan siéu qua do AI“(t), bi€n thien va suy giam theo hang s6 thai gian cia
E7 _ E,

X; +X X, +X

Hinh S-12 thé hién su bién thién cha cac thanh phin nay cua ddng dién si¢u qui do6

doc truc. Phia ngang truc dién bién ciing tuong tu nhung khéng cé thanh phin

AT'().

cudn can doc truc. Tri s6 ban dau : Al" =

Hinh 5.12

Su bién thién cua dong dién kich tir & giai doan sau phy thudc hoan toan vio qua
trinh quéd do trong hé théng kich thich va hing sé thoi gian clia cudn day roto. Quy
luat bién thién phitc tap, ndi chung tic dong lam tang dong dién kich tir theo thoi
gian. Kht b6 phan kich thich cuong hanh tic dong dong kich tir tang 1én gan nhu
theo quy fuat ham mi (n€u khong dén gidi han). D6 ciing chinh la quy luat bién
thién coa sdd trong thoi gian qua do.

1. Tinh dong dién ngdn mach qua do o giai doan dau theo céc
hing s6 thai gian tat dan

Da s8 céc truong hop cdn xét, thdi gian t6n tai ngdn mach cé thé coi 1a dt ngén
khi rna TDK cdc mdy phat chua kip tdc dong. Mic dir thoi gian cat ngan mach phu
thudc vao nhiéu yéu 18 : su chim ché tic dong cha may cét, thdi gian chinh dinh
cla cac loai bao vé ... nhung thudng thai gian cat chi ndm trong pham vi 1. = (0,06
+0,2) sec. Trong nhiing trudng hop dic biét con ¢6 thé nhd han. Khi dé dong dién
ngin mach qué d6 tinh todn co thé coi 12 khang c6 4nh hudng ciia TDK . Biét hing
56 that gian suy giadm cia cdc thanh phin tham gia vao dong dién qua d6 ta cé thé
tinh duoc I"(t) mot cdch gan ding.

a. Hdng s6'thoi gian ciia cudn kich tix :

Cuon day kich tir ¢4 dién cam rat 13n nén hing s6 thdi gian riéng clia né khi to, ¢é
thé tinh dugc nhu sau:
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Xf _ Xad + Xaf
R; R;
Chu y rang cong thdc trén tinh trong hé don vi tuong d6i nén L = X. Hang s6 thoi

gian nay tuong ung vai t6c do tat ddn thanh phan dong dién tr do xuat hién trong
cudn day kich tir khi né Yam viéc doc lap (médy phét & trang thai khong tai).

Ty =

Ai ui

J2Z AL J2 Al
A N

Hinh 5.13 Thanh phan qua dé va siéu qua db

Khi mAay phat bi ngdn mach ddu cuc cuén day phdn iing c6 dién trd nhd quan hé hd
cam véi cuodn kich tir lam hing s8 thai gian ca né giam di dang ké. C6 thé coi nhu
c6 them X, // X,, trong mach thay thé€ wong duong, do dé tinh duge hing s& thai
gilan:

- Xy +(XGI//Xad) _ X',

! Rf ¢ R,

trong d6: X', = Xg+ ( Xo// Xiu) - 1a dién khing tuong cta cuon kich tir khi stato
bi ngin mach.

. . X'
Tir cac biéu thic ciia T, va T, cdn cé thé viet T'y =T, -X—“ :
d
Néu ngan mach xay ra cich ddu cuc may phat mot doan 1a X thi:
X' +X
Ty= Tdo'X—d_
X

Tri s8 T, duoc cho bai nha ché tao, né ¢6 tri s6 trong khoang tir (5 +10) sec. Tirdo
tinh duge T', theo tinh hudng ngan mach.

b- Hdng s6'théi gian ctia cuén cdn.

Hing s6 thdi gian cha cuon can doc truc 1a T, va ngang truc T", cing cd ¥ nghia
tuong ty nhu d6i vdi cudn kich t. Nghia 12 né cing phu thudc vao khoang cach X
tir ddu ctre may phart dén didm ngan mach. Tuy nhién, do T°, va T"; rat nho va thay
ddi theo diém ngin mach khong nhiéu nén trong thuc t& ngudi ta thudng 14y gin
diing theo thong s6 cha cAc may phat dién hinh (khéng tinh todn):

- Véi may phat dlén tua bin hoi T, =T",= 0.1 sec;

- V&i mdy phét di¢n tua bin nudge Ty = T",= 0,05 sec .

116



c- Hang s6 thoi gian cua cuédn ddy stato :

Khi ngan mach ddu cic mdy phit :

.
a R M

rong dé: X, - dién khang thtt tu nghich cita mdy phat (xem chuang 6);
R, - dién tro day quan stato.
Khi ngan mach cach ddu cuc may phit mét téng trd Z = R + ;X thi
X, +X

* R,+R
Tri s8 ctia T, thay déi trong pham vi rong. Do R, r4t nho nén thudng khi ngan mach
ciing xa thi T, cang giam. Hang s6 thdi gian T, ién quan chit yéu dén cac tinh todn
thanh phan tr do (mét chiéu) cia dong dién ngén mach.

1

J2 17(0)

Ve

v

Hinh 5.14 Dong dién ngén mach qua dé chu ky d giai doan dau
d- Tinh todn dong dién ngin mach qud do J thoi gian dau
Biét cdc gid tri clia hing s& thdi gian c6 thé tinh dugc gan ding dong dién qui do

bién thién theo thoi gian & giai doan diu :
. t

(
") =(1"(0)-1'(0)) e ™ +(T'(0)~To) e T +Iego
Trong dé 1'(0), I'(0) tuong tmg 1a tri s6 ban ddu clia cdc dong dién ngan mach qua
d6 va sieu qua do, tinh duge theo E"(0) va E'(0) nhir di trinh bdy & phan trén.
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Thanh phdn I , 12 dong dién ngin mach duy tri tinh todn cho may phét vdi gia
thiét 1a khong c6 tic dong ciua TDK.
Dé y ring thanh phan wr do trong dong dién ngin mach (thanh phén khong chu ky),
trong trudng hop xuat hién 16n nhat cé thé tinh duge theo cong thiic :

t

i (1) =V21"(0)e ™ .

Tir d3. ta cdn cé thé tinh duge sut bién thien theo thai gian cha tri s6 hiéw dung dong
dién ngin mach toan phan :

Lo(t) =/ ["OF +[i, )]

1" -1 ©)e ™ +(I'(0)- Cm)e'T_«'HCKO] +2|:]"(0)c_?'}

Khi ngin mach &rat xatacé: 1°(0) = I'(0) = [ , khi 46 :

Lt =[]+ 2{1"(0){?}

2. Phuong phap dudng cong tinh todn.

Thure chét cia phuong phap dudng cong tinh todn 1a xdc dinh thanh phan chu ky
cva dong dién ngin mach (bi€n thién theo thai gian) trong hé théng dién phitc tap
nhiéu may trén co s& két qua tinh todn d6i véi so d6 don gian mét may.

Tuy ¢6 sai s6 nhung 1a phuong phap duy nhét don gidn c6 thé 4p dung dé tinh
toan dong dién ngén mach qui d6 d6i véi HTD phiic tap trong khoang thdi gian
tuong déi dai (k€ dén tic dong ciia TPK). D6 chinh xac néi chung thod min cho
nhimg tng dung co ban thyc t& (chon trang thiét bi, chinh dinh bao vé ro le...).
Muén tinh chinh xdc hon, cdn ap dung cdch tinh rat phic tap.

FoU X B X, U X
~ o 1
O / N —, I / N
s, Z,=0.8+0.6
Hinh 5.15
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Trudc hét cdn xét cach xay dung ho dudng cong tinh todn xuat phdt tir so d6 don
gidn - hé thong gdm mo6t may phat ndi dén diém ngin mach qua di¢n khing Xy.
P4u cuc mdy phat c6 phu tar bang céng suat dinh mic cita may phdt , cos ¢ = 0,8.
Trudc khi xay ra ngin mach nhanh dién khang X, d€ hd mach (khéng tai).

Giai thiét cé thé thay ddi X va tinh duge 1"\ (t) cho mai trudng hop tri s6 clia Xy
Puomg cong tinh todn dugc x4y dung 1a quan hé ham :
[(8) = £(X,, 1)

trong dé X, = X", + Xy clung duroc tinh trong hé don vi tuong déi dinh mifc cha may
phat nhu déi vt dong dién I'(1). Xay dung nhiéu dudng cong (bién thién theo X,),
ling vé&i cdc gid tri rot rac ctta t (1=, 1=0,1; t =0,2; ... ; t = o) ta ¢6 ho cdc dudng
cong tinh todn. Thudng s& dudng cong ciing khéng nhién }Jim: @ng vdi nhimg gid tri
ol rac ciia thoi gian chi trong pham vi vai gidy.

Ngudi ta thuomg xay dung hai loai duong cong tinh todn sau day :

- Pudng cong tinh todn cita may phat dién tua bin hoi.

- Dudng cong tinh todn ciia miy phét tua bin nude.

Céc may phat déu duogc gia thiét cé TPK. Cic mdy phat khong ¢6 TDK hién nay
ndi chung khong tén tai. Va1 cing mot loai mady phat (tuabin hai hoac tuabin nudc)
thi théng s6 cuia cdc mAdy phat gin gisng nhau (bang 5-1), do dé cd thé coi 1a x4y
dimg duge mét ho dudng cong chung cho mdi loai mdy phéat (theo thong s& dién
hinh ché tao nhu trong bang).

May phidt dién tua bin nudc so véi may phdt dién tua bin hoi ¢6 thong s6 khic
nthau nhiéu, do d6 ho dudng cong tinh toan khic nhau va duge xay dimg riéng.
Cén chu y ring, tinh déng nhit vé thong s6 déi vot mbi loai may phét dién chi tén
tai khi tinh trong hé don vi tuong déi muac ciia mdy phdt. Vi thé dudng cong tinh
toan cing cin dugc xay dung trong hé don vi tuong d6i dinh mitc cia mdy phat.
Véi cdc gia thiét da néu hi trong so dé tinh todn Z, = 0,8+j0.6 , con & ché dé xéac
lap trudce khi xdy ra sy e6 Uy, = 1, Iy, = 1. So dé hoan toan xdc dinh nén cd thé thie
hien cic budc tinh todn. (3 day c4n phai quan tAm dén qué trinh qui do dién ra
trrong mach ciia hé théng kich tir. Viéc tinh todn néi chung kh4d dé diang va cé thé
thuc hién chinh xdc bdi so d6 rit don gidn. C6 thé dp dung cdc phuong phép giai
tich hoic cdc phuong phép s6 khac nhau, ké ca thuc nghiém.

Hinh (5-16) minh hoa dang clia dudng cong tinh todn. SO liéu chinh xdc va st
dung duge clia cic dudng cong nay thudng dugc cho trong cic s6 tay thiét k& (xem
trong phu luc 1). Chiing dugce xay dung cho timg diém rai rac clia thoi gian. Dé sir
dung chi cdn tinh duge X, = X" +Xy cia sa d6. Theo thdi di€ém cén tinh todn chon
dudmg cong cin tra, sau dé dua va X, d€ x4c dinh tri s6 dong dién ngan mach.
Nguai ta cling tao cdc phdn mém hru trit dudng cong trong m4y tinh vi tao cdc kha
ning tra ctu thuan tién hon.

Cin chu y cic dic diém sau clia dudng cong tinh todn:
1. Cic dudng cong tinh todn chi vé dén X, = 3. D6 12 vi khi X,, > 3 su bién thién
bién do6 theo thoi gian clia thanh phdn dong dién ngdn mach chu k¥ s& rit it (ngin
mach rat xa), thuc t€ coi la khéng d8i vh cé thé 14y bing tri s6 tai thai diém ban d4u
(hoac v6 clng).
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2. Khi X, tang 1én thi su khac nhau giira cac kiéu mdy rat it (do X", chi chiém ty lé
nho trong X)), vi vay khi X, >1 dudng cong tinh toan ctia cdc k)cu mdy gin giong
nhau.

3. Cic dudng cong tinh todn ing véi cac thoi diém thot gian khac nhau cé thé cit
nhau (trén ho duong cong). Dé la do tic dung clia TDK lam tang dong dién ngan
mach lén rit nhiéu (& nhimg thdi gian én). Thai gian t cang 1dn thi duong cong
dong ngin mach cang ndm trén cao. Diéu nay c6 thé khéng ding voi thyc (€ trong
mot s6 didu kién cy thé. Nguyén nhan 12 vi khi xay dung dudng cong tinh toan
ngudi ta khong xét dén gidi han ciia dong dién kich tir (cot ting wr do theo quy tuat
ham mil). Thuc ¢ khi dién dp ddu cyc may phdt bing dinh muc (ngin mach xa)
dong dién kich tir khong tang thém nda. Diéu nay cé nghia 1a dudng cong tinh toin
clia moi mdy phat khéng bao gid duge vuot 1én trén dudng cong giét han (Ung vdi
dién ap ddu cuc mdy phét bang dinh mic):

1 .
Trén hinh (5-16) ¢ vé cdc dudng cong tinh todn va dudng cong [ = . Khi
N
tra theo dudmg cong tinh toin nao d6, néu thay gia tri cdn tim ndm vugt treén dudng

i
cong I",. (3 doan cham chiam) thi c4n 14y ["(1) = —— (khong 12y gia tri tra).
4 I
['(ty)

I"(ty)
')

O Xuaﬂ (thy Xu Xu 1 ()

Hinh 5.16

VE& y nghia c6 thé hiéu dudng cong 1", = 1/Xy nhu 12 dudng gidi han tuong ting
vdi dién khdng X, t6i han. Trudng hop riéng khi t = oo thi:
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Xn oy X‘d + Xur ,

Trong dd X,, - dién khdng tdi han caa ngan mach duy tri (da xét rong chuong 3).
Khi d6 mdy phat luén ¢é U < U, trong sudt QTQD va & gidi han khi t = oo mdi dat
dén U =U,,.

V&i nhitng tr1 $6 khdc, chang han X, = X, wy (trén dudng cong tmg vdi t,) thi dau
titn may phit ¢é6 U < U, cho dén thai diém t = t,, tép sau ¢6 U = U, vh giir
nguyén dién 4p nay cho dén khi t = e bai vi TDK tic dong ning dién 4p dat dinh
mic ngay tir thoi diém t,.

1. Ung dung dudmg cong tinh toin dé xic dinh dong dién ngin mach qui do
u- Plucong phap mét bién ddi.

Khi khoang cich giita cic mdy phdt dén diém ngin mach gin nhu nhau, cic mdy
phat cung loai thi dién bi€n ciia thanh phin chu k¥ dong dién ngan mach ciing phai
gin nhir nhau. Ldc d6 ta c6 thé nhap chung cdc miy phét lai thinh m6t mdy phit
dang tri. Néu dich chuyén phu tai vé ddu cuc mdy phét va tinh cdc die¢n khdng trong
hé don vi wong déi vai lugng co ban 1a :

n
Scb = stnn = SdmZ
1=1

Ucb = Udm
thi ta ¢4 so d6 hoan toan gidng nhu khi chi ¢cé mot mdy phit cing loai (hinh S-15).
That vay, néu gia thiét phu tai xdp xi bing ¢6ng sudt dinh muc cha mady phét trude
khi xay ra su ¢d, cos¢ = 0,8 thi vdi lugng co bin di chon 1a ¢6 Z.,,,,,, = 0,8 + j 0,6.
bién dp ddu cyc mdy phét bi¢n thién nhu nhau ta ¢é thé nhap chung thanh mot nit,
cdc may phat giéng nhau nén sdd dang tri vin 12 E",, con tri ¢6 dién khing dang tri
x4c dinh theo céng thiic :
[ i 1
X distem

Xdl'(cb) 1=l
Trong hé co ban dd chontacé:
" " SdmZ
x 14{c = X 1
e ! Sdnn
Do dé:
1 _ iL Sdmi
de'(cb) i=l X:i dm¥
S, .
_ ; dmi _ —1—
Xd Sdln); X‘d

Nghia 1a X, = X", K&t qui 12 dng v6i mot dién khdng ngodi Xy ta ¢6 thé xac dinh
duoc dong dién ngin mach twong déi theo X, = X", + Xy nhu cia mot may phat.

121



Can chi y khi tinh sang hé don vi cé tén:
lll(t) = I”(t)'ldm):

= I n(t) dm‘

\/— dm
Ta c6 trinh ty tinh todn nhu sau :
1. Thiét 1ap so d6 tinh todn clia hé théng.

Vi sir dung dudng cong tinh todn vén la phuong phdp gan ding, nén tuén chip
nhan U, = U, cdn S, chon tuy y. Trong so d6, dien khdng clta mdy phat 18y la X",
(tinh vé S.,). Phu tat loai bd khoi so dé6, trir nhitng déng co hoac mdy bl déng bd cd
16n thay bang ngudn phit.

Can chii y 14, @ day cdc phu tai tdng hop khéng duoc dua vao so d8, khong phai
la bd qua dnh hudng cia né ma do trong phuong phap duong cong tinh todn, ching
da dugc tinh dén hic xay dung duomg cong. Theo quy udc thi X, = X", + Xy, trong
dd X khdng chira cdc thanh phdn phu tai.

2. Lam don gian so d6 dang tri vé 50 dé chi bao gém | sdd n6i dén diém ngén mach
qua dién khing ding tri X;.,,. C6 thé dua dugc vé so dd 16i gidn nhu trén bdi vi
trong trugng hop nay trang thdi clta cdc mdy phét gi6ng nhau cé thé ghép chung
thanh mét nhénh.

3. DSi dién khang dang iri X, , ., V€ X, , nghia la chuyén d61 he don vi trong déi:

Sdln L

X, = XZ~(cb)‘S—
cb

n
Trong d6 :S,, s = zSdm, - 13 10ng cong sudt chia 14t ca cic may phét
i=l
niam trong s dé dang tri.
Néu tinh Xg trong hé don vi ¢é tén, ta diing cong thirc d6i dang hé don vi twong doi:
Sdm!

U b
trong d6 U,, - dién 4p trung binh cua mang dién ding lam cdp co s& khi tinh X;.

4. Sir dung dudng cong tinh todn tuong ing voi loai mdy phdt cua hé théng, tra
ddng dién ngian mach theo X,. Cin chon ding dudng cong (uong img véi thdi diém
t cin tim tri 56 dong ngin mach. (CS thé déng thoi tra theo nhiéu dudng cong dé
duge dong ngin mach & cic thoi diém khic nhau).

X", =X,

Trong budc nay cén lvu y :

- Néu X, > 3 (chi y khong nhdm véi Xy o, >3) thi dong dién tinh toin & tt ca
cdc thoi di€ém déun bang nhau va xic dinh theo cong thie : 1" (t)=1/X,.

.- Néu X, < 3 nhung khi tra dudng cong nhan dugc tri 8 I",(t) > 1/Xywums, thi phai
14y I",(1) = 1/X o wmyy (khong 14y tri s6 theo dudng cong).

o day cé thé tinh dién khing ngodi Xyxyns, = X -
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5. Tinh tri s6 clia thanh phén chu ky dong dién ngdn mach qué do :
I"(0) ga = T"(0) Lz - -

Sdmi

‘\'/§U(b .

Trong trudng hop X, > 3 ¢6 thé tinh trj s& dong dién ngin mach c6 tén theo 2 cdch:

vOi Iy, 1a dong dién coban tinh todn : I, ; =

Idm): ch

I"(t)KA = =
Xn X}:‘(cb)

Né&u cin tim tri s6 hiéu dung cta ddng dién ngin mach toan phin tai thdi diém ¢ ta

dp dung cong thuc:
lN(t) = \’{I”(t')2 +ia(t)2 b

ay’
Trong dé tinh thanh phantudo: 1,(t) = '\/2_[“(0)6 T

b. Phicong phdp nhiéu bién déi.

Khi khoang edch tir cac may phat dén di€ém ngén mach khic nhau nhiéu hodc khi
cdc may phét trong hé thong khac loai, néu ghép chung cédc mdy phat lai thanh mot
may phat ding tri s& méc sai s6 16n. DE 4p dung dudng cong tinh todn cin phan
nhdm cdc may phat (goi 1a nhiéu bién déi). Viéc quyét dinh phan nhém cdc may
phdt phu thuéc tinh huéng cu thé ciia so dé.

Vi du, xét sa d6 trén hinh (5-17) vdi cdc may phét cling loai.

- Néu ngin mach xay ra tai N, thi khoang c4ch gilla cdc may phét dén diém ngin
mach déu nhu nhau, c6 thé dung phuong phdp mét bién déi.

- Khi ngan mach xay ra tai diém N, vin c¢6 thé dang 1 bién déi, vi tuy khong
giéng nhau hoan toan nhumg cdc mdy phat déu & xa diém ngan mach, trang thai cia
cic mdy phdt s€ gan nhu nhau.

- Néu ngin mach xdy ra & N, thi c4n phai diing 2 bién ddi. May phat F, can dé
rieng mot nhém vi né bi ngan mach ngay ddu cuc, trang thai khac han so véi F, va
F.

4N,
g
B, ‘FNR B,
éls, é%s, é>¢s]
F

~
-

Hinh 5.17
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Pic biét, khi sa d6 c6 hé thong dang tri hoac cé thanh céi dién dp khong dai (he
théng cong sudt vo cing 16n) thi hé théng dang tri cAn dé riéng thanh mot bién déi.
Do 12 vi cdc may phat cia hé théng ding tri, ndi chung cd khoang cich xa so vdi
diém ngan mach, ching luon giir duge dién 4p thanh cdi ddu cuc khong d3i.

Trinh w tinh todn ngin mach theo phuong phap nhiéu bién dai nhu sau:

1. Thiét lap so d6 thay thé tinh toin clia mang dién (trong hé don vi ¢6 1én, hoac he
don vi trong doi tuy chon).

2. Dua theo dac diém cla so dé va loai may phét, phan nhom mdy phat dien dé dp
dung phong phap nhiéu bi¢n doi.
N6i chung khéng can phin chia ra qud nhiéu bien ddi. Thudng cdc nhém bién déi
bao gém :

- Nhéanh hé théng dang tri & xa;

- Nhém cidc mdy phil bi ngan mach ddu cuc;

- Mot hay vii nhém cho cic may phdr con lai.
Thong thudng néu cac may phat con lai cing kiéu thi ¢é thé nhap chung thanh |
nhém. Khi khac kiéu cin d¢ thainh 2 nhém. S8 nhém nhiéu hon thudng chi duoc
phan chia theo cdc 1y do dac biét.

3. Thuc hien bién d3i d€ dua so d8 vé dang don gian nhat, gdm cic dién khdng téng
hop X5 cho méi nhém, ndi dén diém ngdn mach.cdn tim. Trong budc ndy c6 cic
chiy sau;

- D¢ dua sa dd ban diu vé so dé tinh toan (cé nhiéu bién d6i) c6 thé 4p dung cic
phuong phdp bién doi déng tri thong thudmg (ghép song song, ndi tiép, bién déi sao-
tam gidc, sao-1udi ... ). Trong qué trinh bién d6i, luén phai chid y khéng nhap chung
cdc nguén khic nhém v&i nhau. Péi véi so db phite tap c6 thé phaj sit dung dén cac
phuong phdp bién do6i sao-lusi hodc hé s6 phan bs méi dua vé so dé nhur mong
mudn.

- Trong khi bi¢n déi, cac nhdnh xuat hién néi giita cAc nit ngudn sdd véi nhau cé
1hé bo qua. D6 1a vi trong phuong phdp dudng cong tinh todn cdc sdd ngudn di
duac coi 1a xap x1, cidc nhanh noi gita cdc sdd sé khong cé dong.

Vi du so dé xuat phat nhu trén hinh 5-18,a.

Gia slr cdn bi€n dé1 dé dua vé so dé ¢6 3 nhém (3 bién ddi) (A H, F,, F,.,. Trudc tién
¢6 thé nhap nhanh may phit F, vsi F, (dugc dién khdng ding tri 1a X).

Bién déi hinh sao X, X,, X, thanh tam gidc (v6i cdc dien khang X,,, X,,, X;3). dién
khdng n6i gidta cic sdd X,, ¢d thé loai bo khai sa d6. Ti&p theo cdn dp dung phép
bién déi sao ludi (thanh H. 5-19,c). Sau khi loai bd cdc nhdnh can bing (n6i gila
cic sdd) sé nhan duocc so d6 cubi ciing (hinh 5-19,4d).

4. Tinh cdc dién khing tinh toin cho méi nhdm. Thic chit, 1a chuyén cic dign
khdng dang tri vé hé co ban tinh todn clia méi nhém.
Tacé:
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S dm¥}

X, =X (cb). ;
Ul vy S‘-,L,
S i
X, =X (ch).—=2L
b S
S:/m}_'n
X,, =X (cb).
ng b
Cic cong suat : Syxys Sunss -« Sumya 12 t8ng cong suat dinh mitc cia cac ngudn

nam trong cic nhom bién déi tir 1,2,...dén n.

Hinh 5.18

5. Dua vao cic dién khéng tinh todn, tra dudng cong tinh todn tuong img dé xic
dinh dong dién ngin mach tinh todn clia ttng nhém. Cach thuc hién cho méi nhém
giong nhur khi c6 1 bién dai.

6. Tinh dong di¢n ngin mach t8ng trong he don vi ¢6 tén. Cidn chi y 1a cic dong
dién ngan mach tinh todn tra theo duding cong cho méi nhém thudc vé céc hé co
ban riéng (img vdi S,z , ). do dé khi tinh dong tdng trong hé don vi cd tén phai
chuyén déi phit hop. Ta cé thé viét :
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I”N([) KA — I”u 1([) Iu'mz I + I”lt 2([) Idm22 +. I“ll n(t)IllmZn .
Trong doé cac dong dién co ban riéng :

I _ _S__dmﬁi
dmXi ﬁ Ulbl -

Pién 4p U, tinh tai diém ngin mach (clia mang trudc lic su cd).
Thanh phan dong dién ngin mach tir he thong cung cap dén di€ém ngin mach c6 thé
xdc dinh ngay trong hé don vi c6 tén :

I
III t) = cb )
w (V) 7}& (cB)

Cdcchniy .

(. Khi tinh todn ngin mach theo dudng cong tinh todn n&u thay hing s6 thoi gian
chia mdy phat khdc nhiéu so vdi chudn thi cdn phai hieu chinh lai bang cich qui dai
thoi gian tinh oidn (dling dé tra dudng cong). Néu thdi diém tinh todn 1a t thi cén tra

theo t,_: t‘Td()(cI\um)

, trong d6, véi
do
may phat tua bin hoi T, (chuén) = 7 sec,

mdy phat tua bin nude T, (chuin) = 5 sec.

2. Néu trén 5o d6 tinh todn tir ddu cuc mdy phat dé€n diém ngén mach khéng c6 phu

tal, thi can hiéu chinh lai két qua bing cdch nhan két qua tra dugc véi hé s6 :
b=l+7x“ — X,

1,2

Trong cong thic, tri s6 1,2 12 dién khdng cha phu tai c6 céng sudt bang cong suat
dinh mirc may phat. Can ¢6 sy hiéu chinh nhu vay 12 do dudng cong tinh todn luén
gid thi¢t c6 tai dinh miic & ddu cuc mdy phét. K&t qua tinh theo dudng cong s€ giam
di so vai khi khong c6 phu tai. C6 thé dé dang suy ra hé s6 hiéu chinh nay dua vao
cdc biéu thirc dong dién ngan mach trén so d6 ¢é va khong cé phy tai. Hon nita, néu
ngan mach & ngay ddu cuc midy phdt thi b= { (do X, = X",) nén lat khong cn phai
hiéu chinh.

5.5 CACVIDU

Vi du 5.1 Cho so d6 hé théng dién nhy trén hinh 5-19,a. Hé thong bao gom nha
mdy nhiét dién A (2 mdy phat) va nhiét dien B lién két voi nhau qua dudng day kép
110 kV. Thaong s6 cla cdc phin tir dugc ghi truc tiép trén so d8. Miy cit MC &
trang thdi mao.

Tinh ddng dién ngin mach qud do tai thoi diém t = 0,2 sec va t = o § cic diém
ngan mach N, va N,.
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nvpB O

1 =130 km
x,=0.4 Q/km
115kV
Sem= 20 MVA
U, % =10,5 : 1,58
N, 6,3kV
é é’é
1=1km
=30 MVA x,=0,08 Q/km
x" =0,13 N,
NMD-A
’ a) b)
Hinh 5.19

Gidi: Khi mdy cit MC md ta ¢6 so d6 thay thé€ nhu trén hinh 5-19,b. Chon S, =
300 MVA, U, = U, ta tinh duoc thong s8 (dién khéng ) clia c4c phin tir (nhu ghi
trén so dé).

a. Ngdn mach 1ai N,

Khi ngin mach tai N, nhdnh mdy ph4t F, c4n xét riéng nhu mot bi€n déi vi méy
phat & trang thdi ngén mach ngay ddu cuc. M4y phat F, cia NMD-A ¢6 th€ nhap
chung véi cdc mdy phdt cia NMD-B d€ tinh vi chiing ciing loai mdy phét dién va
cling & xa diém ngidn mach. (N&u téch riéng thanh 2 bién d6i thi d6 chinh xac cing
cao hon).
Cén x4c dinh dién khdng t6ng hop clia nhanh mdy phat F, va NMD-B. Ta ¢é:

X5 = [(1,3 + 1,58) /0,5 + 0,59)] + 1,58 = 2,37 .

Dién khang téng hop clia may phét F, chinh 12 dién khdng cda ban than may ph4t :
XZE = 1‘3 '

Cic dien khang nay déu duge x4c dinh trong hé don vi tuong d6i co ban da chon.

Tinh déi sang cac dién khang tinh toin :
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S
XIn =X1£ gl :2537330 =26 N
S., 300
S
X,, = xzz—"l“‘—z=1,3.£=o,13 .
S, 300

Dé ¢ ring khi ngidn mach & ddu cuc mdy phit thi X, = X", nén cé thé bd qua cic
budc tinh cho X, , nhu trén.
Tra dudng cong tinh todn (cila may phat tua bin hoi) ta s&€ nhan dugc cdc tri s6 dong
dién ngin mach nhu sau (dua vao X, , = 2,6 d€ tra). Chd y tra theo cdc dudng cong
tmgvdit=02svat=c,

[,02y=037 ; I,,(x0)=041.
Dai voi nhanh mdy phat F, ta ¢6 (theo X,, =0,13)

[,(02)=4,6 ; 1,,(0)=274 .
Pé chuyén sang he don vi c6 tén c4n xic dinh cic ddng dién co bin tinh todn:

Samsi 330
I = = =30,25 kA
dm ¥} \/.-;U(b \/56,3

S, .
T =222 = 30 595 kA

BU, V363

bién dp U,, can 14y theo dién 4p mang chifa diém ngin mach, & day 14 6,3 kV.
Ta xdc dinh durge tri 6 c6 tén ciia dong dién ngén mach t6ng tai diém ngén mach :

1,(0,2)=1,, (0,2) Lypps + 142 (0,2) Ly
=0,37.30,25+4,6.2,75=23,8 kA .
IN (OO) = Iul (00) Idmzl + Inz (w) Idm22
=0,41.30,25+2,74. 2,75 =199 kA.
Ta thir tinh v8i viéc nhap chung ci mdy phét F, vao thanh 1 bién d6i. Khi d6 :

Sumz 360

Xu =(xu: //Xzz)- =(2s37//1s3)‘§)'0_ = 1,01.

ch

Tra dudng cong tinh todn ta cé dong dién ngin mach téng :
1,(02)=0,88 ; I,(0)=112

Trong he don vi ¢é tén :
1,(0,2)=1,(0,2)1,,, =0,88 (30,25+2,75) =29 kA

I (0) = I, (0)1,,; =1,12(30,25+2,75) = 37 KA.
Sai s6 dang k€ so véi khi 4p dung 2 bién déi.
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b. Ngan mach tai N,

Vi dién khing dudng day cap tuong d6i nho6 nén déi véi may phéat F2 védn 13 ngidn

mach gin. Ta vin ap dung 2 bién déi.

Tir k€t qua di tinh todn & trén ta c6 thé xét ngay so db tinh toan sau :

| 2,37 | X,z = 4,06
— 1 —

RYRVE S
13 Y

2 e—{3— X,r= 2,33

Bing phép bién déi sao - tam gidc ta cd :
2,37.0,6

X, =2,37+0,6+ = 4,06

X, =1340,6+ 1506 _ 5 93

Déi sang cdc dién khang tinh to4n :
X = 4,06.2(—) =4,47
300

X, = 2,23.£ =0,22
300
Vi X, > 3 ta khéng tra theo dudng cong tinh toan.
Nhanh may phat F, tinh theo dudng cong (véi X,, =0,22) s& nhan dugce:
1,,(002)=32 ; 1,,(0)=25 .
Dong dién ngan mach téng tai diém ngdn mach tinh trong don vi c6 tén :
1:,(0,2)=1,,(0D1, ¢ +1,,(02)]I, ;,

=1 3025432275 =155 kA
4,47

b

I, (e0) = :{:—7 30,25+3,5.2,75 =13,6 kA

Ta cling so sdnh ké&t qua v6i truong hop nhap chiing 1am moét bién déi :

S g 360
Xy = Xz //Xzz)é:;' = 1,44.3‘6(—) =173 ;
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Tra dudng cong tinh todnsé c6: 1,(0,2)=0,53 ; 1,(0)=0,62 .
1,0,2)=1,(02)1, , =053 (30,25+2,75) =17,5 kKA
[y(w0) =T, ()], =062 (30,25+2,75) = 20,4 kA.
Sai s6 cling rat 16n nén c4n diing hai bién déi 1a duing.

Vi du 5.2 VAn xét hé théng dién trén sg d6 hinh 5-19,a. Tuy nhién cdc tinh toin
duge thuc hién khi nha may dién A n6i véi he théng cong suit vé cing 1én d cubi
dudng day 110 kV. Dién 4p thanh cai hé théng giir khong déi & dién 4p Uy, = 115 kV.
Gia thiét ngan mach xay ra& N,.

Gidi : Trong trudng hop nay cin 4p dung 3 bién déi he théng cong sudt vo cling lén
cén tich riéng 1am mot bién d6i. Mdy phat F, ¢é ngdn mach diu cic khéng thé
ghép chung véi may phat F,. So d8 thay thé tinh todn nhu trén hinh 5-20.

Uy =1

foss

1,58 1,58

1,3 1,3 N,

0
W

Hinh 5.20

Dé dura vé so A8 don gian cuéi ciing, chi cin thyc hién phép bién déi sao - tam gidc
va bd qua nhdnh can bang. Tacé :

XX
(X, +X,)
1,58.0,59

Xa-=X5+X6+

=0,59+1,58 + = 2,49

X, + X)X
X9=(X,+X4)+Xs+(—'+XL
6

1,58.2,88

=288+1,58+ =12,17
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Nhinh dién khing tuong hd gitta H vi F, khong c¢in tinh (nhdnh cin bang, bo qua).
Chuyén sang dién khang tinh todn ta c6 :

Smes 30

X =12,17.— =122
300

=X,

11t
b

S
X,, =X, 8 _x, =013
S
th

Tra duong cong tinh todn ciia may phat tua bin hot ta ¢4 ;
[,(02)=072 ; 1, ,(0)=09
1,,(0,2)=4,6 ; 1,,()=2,74

Tinh ddng dién ngin mach téng trong he don vi c6 tén :

1
IN(t) = ;(Ci + Im(t)ldmzl + Ith(t) Iamzz '

8

dday:
I, = S“’ = 300 =275 kA
© U, 363
sdm)l] 30

Lyss = Vanss = - =275 kA
dn gl dmY2 ﬁUlh ﬁ6,3

Thay vao ta nhan duoc cic tri s6 ciia dong dién ngan mach t6ng:

1
]N (0)2) = )Eb + II (O!z)IdmZI + 12(0’2)Idm).'2

8

_ 27*3 +0,72.2,75+4,6.2,75 = 25,67 kA

5

1
[y () = ?b'+ [ () ey + 1, (0) 45,
8

= 2—7’2 +0,9.2,75+2,74.2,75=21,15 KA

So sdnh két qua vai truong hop nha mdy ndi vao hé théng cong sudt hitu han, dong
dién ngin mach trong trudng hop nay cé 16n hon. Tuy nhién két qua sai khic khong
phai 12 16n (dudi 10 %). Do dé khi thi€u so lieu, déi vdi nhimg hé théng cong sudt
tr 300 MW (rd lén ngudri ta c6 thé gia thi€l nhu néi vao thanh gép hé théng cong
Suat vo cung 1on dé tinh toan.
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480 MVA

TD-B O Xs=0.4
i 110kV
ND-A  6km - H
0k 16 km —EF ( >
m
00 MVA S, =2500 MVA
X,=0,2
N
a)
B
[]042 a
A 0,09 0,12 Xy
2.3 CH—f—C1—
0,15
b)
Hinh 5.21

Vi du 5.3 Cho so dé hé théng dién trén hinh 5-21,a g6bm nha mdy nhiét dién A va
tram thuy dién B. He thong dang xét n6i vao hé théng bén canh qua tram bién dp da
thi€t k€ trudc. Mdy cit dién cla tram ndy ¢6 cong sudt cdt dinh muc S, . = 2500
MVA va U,, = 115 kV. Ngin mach xay ra tai diém N. C4n tim dong dién va cong
suat ngin mach tai thoi diém t = 0,5 sec.

Gidi : So d6 thay the tinh todn cha he thdng dang xét vé duge nhu trén hinh 5-21,b.
Chon S,, = 500 MVA, U, = U, ta tinh dvoc dién khdng ciia cdc phan tir nhu ghi
trén s do. :

Riéng dién khang ding tri clia hé thdng bén canh chua biét ta c4n tinh nhu sau.
Trudc hét cdn tinh cong suat ngin mach tai tram lién lac c6 dit may cat 110 kV
(ngdn mach trén thanh cai 110 kV). Coéng suat nay dugc cung cap tir 2 phia : hé
théng dang xét va hé thong bén canh.

Dién khdng téng hop ciia he théng dang xét (bao gdm cac nha mdy dién A va B)
tinh dén thanh cédi 110 kV cua tram :

Xy = [(X, + Xo) I/X,) + X
=[(2.5+0.09) //0,42] + 0,12 = 0,48 .
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Véitri s6 tuong d8ithi I =S |, do d6 ta c6 (tai thoi di€m ddu):
*N

*N
S 500
Sx=I"wSp= - ="— = 1040 MVA .
Xy 0,48
Cong suit ngan mach t6ng cé thé 14y bing cong suit cit cia mdy cat trong tram, tr
dé cé thé tinh duge cong suat ngin mach tir hé théng bén canh cung cip:

S'NK= Sumea - S'x

= 2500 - 1040 = 1460 MVA .
Tir d6 ta c6 dién khdng dang tri ciia hé théng bén canh:

S 500
Xy =—2=""» =034.

Suny 1460
Pé tinh dong dién ngin mach tai N ta c4n tim c4c dién khdng téng hop clia toan heé
théng (d6i vai N)
Ta cé: X;=X,+X,=0,34+0,12=0,46
Néu 4p dung 3 bién déi: hé th6ng, nhd m4dy nhiét dién, nha may thuy dién, ta cin
thuc hién hai 14n bién d6i sac tam gidc va sao luéi.

XX 2,5%0,09

Xe=X, + X+ ——= =25+0,09+ ———— =4,09

X 0,15

4 s

X X
X=X, + X+ 0K as 0154 202X01 ey
X ,00
XX 0,15% 0,09
X=X+ X5+ =0,15+0,09+ ——— =0,245

1 3

Pé tinh theo céng thitc bién déi sao ludi ta tinh c4c dién dén:

l —

Y= o= =238
X, 042
1 1

Y= —=—— =217
X, 046

Y= =L 024
X, 4,09

Vo= —— =1 —408
X,, 0,245

Y=Y+ Y+ Yo+ Y, =887

Yoo &= 0,146
X, 682
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Y.Y
Y, = ¥, + 2500 1464 224408 o5
Y, 87

v, o V¥, 238x408

Y, 8,87

Y.,Y,

Y, =-12%= 2,17 4,08 =0,998

Y, 8,87

Ci4c dién khing tinh toin t8ng hop
- N6i d&€n nha mdy nhiét dién A:

L= = = 0,465
Y, S, 0,258500

- N&i dén thuy dién B:
1S 1 480
X = dnIB - =0,88.
Y, S, 1,09 500
Tra dudng cong tinh todn tng vai t = 0,5 sec ta cd:

IAn(OvS) = 1,65 ;lm(O.S) =1{,15.

Cic dong dién co ban tinh & cdp 115KV:

S
Iy= —=2—= 500 =251 KA
J3u, 3x115
60
dm):l
Lvx = =0,5KA:
T BU,  Jax11s
S ___ 480 _, 4 ka

R TR PP

Dong dién ngian mach t6ng tai diém ngdn mach

1,(0,5) =Y, I, +1,,(0.5 1,5 +1,, (051,
=0,998%x251+1,65x0,3+1,15x2,41
=577 kA

C6ng suat ngin mach

S, (0,5) =1,(0,5)43.U,

=5,77x3x115=1149 MVA
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Nhing diém cdn ghi nhd trong chuong nam

Ngudi ta xét rieng cich tinh todn trj s6 ban diu clia ddng dién ngin mach chu
ky (qui do va siéu qui do) va cich tinh todn dong dién ngin mach bién thién
theo thdi gian. DE tinh tri s8 ban ddu (bién do hay tri s6 hiéu dung) clia dong
dién ngin mach chi cAn diya vao mé hinh mdy phat tai t = 0 sau ngin mach.

V& nguyén tic d€ tinh chinh xic dong dién ngin mach qué do va siéu qua do
ban d4u cdn mo6 hinh mach cho m4y phdt va mang dién theo 2 truc vuéng géc
(doc va ngang cda he toa do quay). Dya vao hé phuong trinh mach viét theo cdc
truc 8¢ xac dinh cdc dong dién thanh phan. Sau d6 tdng hogp lai d€ ¢6 tri s6 bién
do (hay hiéu dung) cha dong dién ngan mach. Tuy nhién, thuc t& ngudi ta hay
dp dung moé hinh mach gin ding cia may phidt theo cic dai lugng téng hop
(theo E', va E".) d€ tinh todn dong dién ngin mach qui d6. Phép tinh don gian
hon trong khi sai s6 mic phai khong 16n.

Dé tinh dong dién ngin mach bién thién theo thoi gian cé thé 4p dung phuong
phip giai tich hoac phuong phap dudng cong tinh toin. Phuong phdp giai tich
cho phép 4p dung thuan tién va chinh x4c khi tinh dong dién ngan mach @ thai
gian ngin ban ddu (dudi 0,5 giay) khi TDK chua ¢é anh hudng. Phuong phidp
dudng cong tinh todn ¢ ¥ nghia van nang (tinh dugc & moi thai diém ké ca vdi
t=0 vA t=c0) nhimng cé thé mic sai s6 16n néu 4p dung khang diing.

Dé dam bio k&t qua phd hgp (sai s6 dil nho cho céc ung dung) diéu rat quan
trong khi dp dung duéng cong tinh 10dn 13 phan nhém may phat thich hop khi
bién déi ding tri so d6 tinh todn. Cin dic biét lvu ¥ c4c luong co ban da mac
dinh trong phuong phap duong cong tinh toédn.
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Chuong 6
NGAN MACH KHONG DOI XUNG

6.1 KHAI NIEM CHUNG

Ngan mach 3 pha 1A dang duy nhat d6i xing xdy ra trong hé thdng dién, cic
dang ngin mach con lai déu la khéng dé1 xdng bdi vi tinh trang cdc pha khi dé
khong giong nhau. Ngin mach khong d6i ximg bao gém :

- Ngén mach 1 pha ;
- Ngin mach 2 pha ;
- Ngan mach 2 pha chap dat.

Khi ngdn mach khéng d6i ximg dong dién va dién 4p c4c pha khic nhau vé tri
58, g6c lech pha ciing khéng con d6i xiing (khac 120" . Do d6 khong thé tach riéng
mat pha dé tinh todn nhu d6i véi ngin mach ba pha,

Vé nguyeén tic, d€ tinh dong dién va dién 4p cdc pha khi xay ra ngin mach
khéng ddi xdng c6 thé giai mach véi so d6 ca ba pha theo cdc phuong phip théng
thuong. Tuy nhién céch tinh todn nhu vay rdt phitc tap, hdu nhu khong duogc dp
dung trong thuc té€. Ngudi ta 4p dung phé bién hién nay phuong phip cdc thanh
phan d6i ximg. Thuc chat clia phrong phdp niy 1a phan tich d€ dua cdc dang ngén
mach khong d6i xing vé ngan mach 3 pha d6i xiung thanh phin. Sau khi tinh toan
két qua s& duoc tong hop lai.

Ngoai ngin mach khong déi xing, trong hé thong dién con c6 thé xay ra céc
dang su c6 khong d8i xitng khéc:

- Lic dur day 1 pha hoiac 2 pha mang dién ciing trd thanh khong déi xing. Lic dé
ngUd ta goi su cb ta ché'do khong déi ximg doc.

- C6 thé xay ra vira ngin mach vira ddt day timg pha & déng thdi nhiéu chd khdc
nhau trong mang dién. Khi d6 ngui ta goi hién twong xay ra la si¢ ¢co phitc rap.

Vé phuong phap tinh toin, cdc ché do khong d6i xing cé nhidu diém chung,
nhung ciling khong phét 1a hoan toan déng nhat. Trong dé, ngin mach khéng d6i
x@ng & mot vi tri 1a hién tuong don gian nhat, c¢6 thé 18y 1am co sa. Trong gido trinh
nay xét chi yéu hién tuong ngan mach khéng déi xing tai mot vi tri cia so do.

6.2 CO SO PHUONG PHAP CAC THANH PHAN DOI XUNG
Phuong phip céic thanh phdn d6i ximg dya trén co sd todn hoc vé su phan tich mot
hé théng véc 19 3 pha thanh cdc hé thdng 3 pha thanh phin. D€ cho téng quat, xét
mot he thdng 3 véc to bat ky F,,F,,F.. D& chimg minh duogc ring, ching cé thé
phan tich duy nhat thanh 3 hé théng thanh phan :

- He thdng thanh phdn thi wr thuan:  F,,F, ,F., ,

al? ¢

- Hé théng thanh phan thit tw nghich:  F,,,F,,,F

YR (Y] ;
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- He th6ng thanh phin that twkheng - F,,.F,,.F,, .

<

ﬂl‘n'
r{

Hinh 6.1

'Y nghia phan tich dugc thé hién 13 :
I':‘a = F:l +FA2 +Fz.0
Fb =Fh1 +Fb2 +Fb0

Fc =Fc1 +!‘:m"'la‘co

(6-1)

Heé phuong trinh trén c6 9 an. Ta dua vé 3 4n bing c4ch sir dung s& phitc (con goi la

todn tr quay) :

J? 1 \/§

:——+A—
2%

a=¢€
va viét {ai nhu sau :

F,=F, +F,+F,

F, =a’F, +aF,, +F,

F. = aF, +a’F,, +F,,
Giai hé phuong trinh (6-2) ta nhan duoc :

E, =§(¢,+F,,+'FC)

£ :é_(ra +af, +a’F.) \

k| =~;-(1'-‘a +a’F, +af,)

(6-2)

(6-2)

137



Hé (6-3) chinh 12 két qua phan tich hé théng 3 véc to khong déi xing ban diu
F, ,F,,F, bat ky thanh cidc thanh phin d6i xing. Cdc vécto pha con lai clia he théng
thanh phan suy ra dugc theo cdc quan hé géc pha :

P.".u):f:\-.o:r: ;

cos
‘ e om e
F,=a'F, ; F, =aF,;
F,, =aF,, ; F,=2'F,.

Sau day 12 mét s6 khdi niém gan lidn vai hé théng 3 pha khong d6i ximg.

- He th6ng ba pha dugc goi la cAn bang néu :

F,+F +F.=0.
Nguoi ta goi h¢ $6 khéng cAn bang 14 ti 56 :
F&
kO =F—0 .

4
Nhu vay néu hé théng 3 pha can bing thi k, = 0.
He s6 khong déi xung dugce dinh nghia la :

Hé thong ba pha 1a d61 ximg néu k, = 0. Nhu vay hé théng thanh phidn thi tu
thuan chinh 14 trudng hop rieng clia hé théng déi ximg va can bing. He théng thir tu
khoéng 1a hé thong ddi xing nhumg khéng cin bing.

Ap dung ly thuyét phan tich vira néu cho heé thdng dien, cic dai lugng ba pha
nhu dong dién, dién dp, sdd s& c6 thé coi nhr bao gém cic hé théng thanh phin thi
tr thuan, thi tr nghich, thit (r khéng. Vi mach dién [a tuyén tinh nén c6 thé &p
dung phuong phip x&p chéng dé tinh todn d6i véi timg thanh phin thir ty. K& qua
duac t8ng hop lai theo cic quan hé (6-1).

Mot sé tinh chat cia hé théng dai legng 3 pha cia mach dién :

1. Hé th6ng dong dién day trong hé théng dién ba pha c6 trung diém khong néi dat
(va khéng cé day trung tinh) I3 hé théng can bing, tdc 12 khong ¢6 thanh phan thi

tukhong. P lawvi 1, +1, +1.=31,=0.

2. Dong dién tir trung diém di vao dit (hodc day trung tinh) bing 3 14n dong di¢n
thir tir khong.

3. Hé théng dién dp day 1a hé théng can bang. D6 12 vi
Uy +Up +Ug, =0
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4. Ngoai y nghia todn hoc, cic thanh phdn thd wy nghich va thir tur khéng con mang
y nghia vat ly. Chang han c6 thé loc dugc thanh phin dong di¢n va dién dp thit ty
khong nhd néi mdy bién dong va mdy bién dién 4p nhu hinh 6.2.

A = —d
R Ly —_—> IU
C =P — L
0 —
b bud Ll
—A)— 3U,
3L, O
Hinh 6.2

6.3 DIEN KHANG THU TU NGHICH VA THU TU KHONG

Tat ca cdc 18ng trd dic tnimg cho cdc phédn tir cha mang dién, vn thudng dp
dung dé€ tinh todn ch€ d6 1am viec binh thudng clia HTD (3 pha d6i xing) chinh 1a
18ng trd tha e thuan. Ching dac tnmg cho phan tng clia mach d6i véi dong dién 3
pha d6i ximg thit tr thuan. V@i hé théng dong dién thit ty nghich va thi ty khéng,
phan tig ciia mach bj khdc di. Tri s6 dien khang khong con gidng nhu véi hé théng
dong dién thu tu thuan.

Néi chung ¢6 thé dp dung céc qui tic sau dé xem xét :

1. Cédc phan tir dimg yén (khong chuyén dong quay) dién khang thit tr nghich biang
dién khang thir ty thuan. Diéu nay dé nhan thay, bdi vi khi khéng c6 chuyén dong
tuong d6i (quay) gilta cac b6 phan thi tir truong sinh ra hic cho hé théng ddng dién
thit tu thuan hay thd tu nghich chay qua cidc pha khéng c6 gi khac biét. Thi wr cac
pha chi mang tinh qui udc : mét pha bat ki A va 2 pha con Jai 1a B, C. Khi ¢é
chuyén déng quay (may phat, déng co ... ) thi néi chung X, # X,, bdi chuyén dong
tuong d6i gifra cic cudn day va tlr truong quay khong giéng nhau tinh theo thit ty
clia cdc cuon day.

2. Cic phan tir khéng c6 hd cam gifa cac pha thi X, = X,, nguoc lai X, # X,. Cé thé
giai thich diéu nay bdi tir thang téng hop gilia cic pha cé hé cam, khi cé ddng dién
thit ar khong (ciing géc pha) chay qua thudng 1dn hon nhiéu khi dong dién 3 pha 1a
that tu thuan (léch pha nhau 120%).

3. Trong mach c¢6 dién dung thi ca thanh phin tic dung (dién trd) thit ty khong
ciing khac véi thit tr thuan. Chang han, téng trd clia dudng day siéu cao dp do anh
hudng bdi dién dung cic pha so vét dit phan thue clia 18ng trd tuong duong thay
déi dang ké so véi dién trd thi tu thuan.,
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Hay xét cu thé hon dién khdng clia cdc phén tir.
1. May phdt dién déng bé
Vi 12 phin tit c6 chuyén dong quay nén X, # X,. D& xac dinh X, bang thuc nghiém
ngudi ta dat cdc cudn day pha mdy phdt dién vao dién dp thi tr nghich. Khi d6
dong dién chay trong cdc cudn day s€ tao ra tr trudng quay véi van t6c 1a 20 so vdi
cudn day ro to. Tuong quan dong, dp s€ cho phép x4c dinh dién khiang X,.
Khi khdng ¢6 s6 lieu thuc nghiém (cho trong 1y lich mdy) c6 thé tinh gin duing:
- V@i may ¢6 cudn can:

Xt X

1 = d oy

2

- Véi mdy khéng cudn can:

X, = X, X, ~ 1,45X, .

Dién khing tha tr khong X, # X, , vi mdy phat 12 phén tir ¢é hd cam. Khi cho dong
dién thi ty khong chay vio cic cuon day pha cia may phdt dién (phai cé day trung
tinh), c6 thé xac dinh dugc X, bing thuc nghiém. Tri s& g4n ding:
X,=(0,15+0,6) X", .

Tuy nhién rat it khi phai xét dén dien khing thit tu khong clia may phat vi trung
tinh cia mdy phdt thudng khong néi dat va ciing khéng c6 day trung tinh. (khi d6
c6 thé coi X, = ).
2. Phu tdi t6ng hop
Phu tai t8ng hop ¢6 thé chita c4c dong co (phdn tir c6 chuyén déng quay) do dé, néi
chung X, # X,. Ngoai ra phu tii tdng hop cdn c6 thé chia ca phdn mang dién cung
cap, do d6 trong tinh todn ngin mach chi c6 thé 14y gdn ding tri s6 X,. Trong he
don vi tuong déi (v8i lugng co ban la téng cong suit phu tai va dién 4p thanh céi
cung c4p ), khi nuit tai tinh & cap (6 + 10) kV c6 thé 14y :

Z,=0,18 +j0,24 hay X,~0,35 .
Vi niit tai tinh & dién 4p cao hon (tir 35 kV trd 18n) ¢6 thé 14y :

Z,=0,18+j0,35 hay X,~0,4S5 .
Cén chi y 1a t6ng trd thif ty nghich cla phu tai khéng phu thuéc vio ché€ dé ngén
mach (duy tri hay qua do).
3. Khang dién, tu dién
Khing dien va tu dién déu 1a cic phin td déng yén, khong c6 héd cam gifta cac pha,
do d6 c6thé ldy X,=X,; X, = X,.
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4. Mdy bién dp
May bién ap 1a phén tr ding yén nén X,= X, ;

So dé thay th€ tht nr nghich va céc thong s6 tinh toan tuong img cla may bi€n 4p
khéng cé gi khic so vdi so dé thi tu thuan. Trong khi dé so dé thya tu khong cia
céc mdy bién 4p 6 sai khac ddng k€ so v6i sa dé thir ti thuan.

a. Xét truong hop don gian nhat, mdy bién dp hai cudn day, dau sao ca so c4p lan
thif cap (hinh 6.3,a)

L , A==l N TSN
—()— Bﬂﬂ% W{p—’ B
—> o—> "
A A ¢ Tk T ¢
— = 310'1 xﬁ b3r,
v |
a) b)
1 X, X 2
Xu
c)
Hinh 6.3

Dong dién thur tu khong c6 chay duge qua cdc cuén day cia mdy bién dp hay
khéng phu thuéc hoan toan vao tinh trang cua trung tinh (néi d4t hay khong). Néu
cdc trung tinh déu duoc néi dat (biéu thi bing cac khod K, va K, déu déng) thi dong
dién th tr khong chay qua mdy bi€n dp hoan toan binh thudng, gin giéng nhu
dong dién thi e thuan (hinh 6.3,b). Do d6 so dé thay thé& cing giéng nhu sa dé thi
tr thuan (hinh 6.3,c véi K, va K, déng). C6 su khdc nhau chit it & mot s& trudng
hop d6i véi tri s6 cha dién khing X, (dién khang tir hod). Khi m4y bién 4p gbém 3
may bién 4p mot pha (doc 1ap) hoac mdy bi€n ap 3 pha S tru, mach tir lam viéc véi
dong dién thit tu khong khong cé gi khidc so véi dong thi tu thuin, lic dé X, c6 tri
s6 khad 16n. Thudng c6 thé coi X, = « vi so dé thay th€ mdy bién 4dp c6 dang riit
gon vai X, = X; + X, va ¢6 tri s6 nhir d6i véi so dé thit tr thuan (hinh 6.4)

Véi mdy bién 4p 3 pha 3 tru tir théng thit ty khong cia 3 cudn day ciing pha,
khong triét tiéu nén phai khép mach ra ngoai khong khi, tir trd 16n hon nén X, nhé.
Thi nghiém cho thdy X, = (0,3 + 1). Do d6 lic tinh chinh x4c khong thé bd qua X,..
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Khi trung tinh clta cudn day khong duge noéi dat thi dong dién thi tv khong s&
hoan toan khong suat hién trong cudn day dé. So dé thay thé nhu trén (hinh 6.3,¢),
tuong tng vdi K, hoic K, mé (hoic ca hai).

) 1 oo, : X, X, 5
(D e
A A X =00

1 Xg 2

} Y t

Hinh 6.4

Néu trung tinh phia sa cap néi dit nhung trung tinh phia thit cap cach dién (K|
doéng, K, md) tht may bi€n dp lam viéc nhu & trang thdi khong tai. Dong thi tu
khéng & phia thit c4p hoan toan khong c6, con dong dién phia so cap chi la dong
khong tai (chay qua cédc dién khéng n6i ti€p X, + X,). Vi mdy bién dp 3 pha 3 tru
¢6 thé dung so d6 thit ty khéng nhu trén hinh 6.5,b. C4c trudng hop khéc, bo qua ca

X, . nén so dé trd thanh nhanh cut (bi dit), thé hién khong c6 dong dién nao chay
qua.

o LI, 1 X, 2
A A Xy
a) h
T om

c) A

Hinh 6.5

Néu trung tinh cudn day cia mdy bi&n 4p khéng dugc céch dién hoan toan ma
néi qua mot téng trd ndo dé (hinh 6.5,c) thi trong so db thay thé thit tu khong cla
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may bién 4p d6 cin dua tdng trd bing 3Z, vio vi tri tuong tng ctia cdc khod K
(hinh 6.5.d). So di t8ng tr& cdn duoc nhan lén 3 14n bdi ddong dién chay trong tdng
trd nay bing 3L, . Khi tich so d8 thif ty khong theo timg pha d€ tinh, dong dién
chay qua tdng trd 37, chi 1a |, nhung dién 4p roi trén téng trd vin tuong dwong.
Khéng nén nhidm vi tri cia X, véi vi tri cla Z,. V4i may bi€n dp mot pha hoic ba
pha nam try, X, =  ¢6 thé bd qua nhimg 3Z, vin phai dua vao tinh todn. Néu trung
tinh 2 phia déu n6i qua téng trd thi ca 2 khod K déu phai dugc thay bing téng trd
tuong ung.

b. Truomg hop mdy bién dp 2 cuén day ddu sao-tam gidc

| I 1 5 A_—sl I=0 4
M ¢ =h | LA 10 ¢
3N
a) *—-
b)
1 K, X, Xu K 2
— a'A M N -
X Hinh 6.6
c)

Néu phia so cap cia may bién &p nbi sao véi trung tinh néi dat (K, déng) thl
dong dién thi tu khong cé thé chay vio cde cudn day nay. Cdc cubn diy pha phia
thit cap (cudn dau tam giic) ¢6 i thodng cam dng sinh ra cdc dong dién cung pha
cung tri s6 vdi nhau nén chiing chay khép trong mach tam gidc (hinh 6.6, b). Theo
dinh luat Kirchhof t, mach ngoai khéng c6 dong dién. M4y bi&n 4p 1am viéc nhu &
trang thdi ngin mach vi dong dién thir cap chi chay qua c4c dién khéng tin béan than
cudn day. So dé thay thé tuong img s& giéng nhu néi dat dién khing thi cap (hinh
6.6,c). Dong thit cAp khong chay qua mach ngoai nén nhu c¢6 kho4 K luén ma.

Trong trudng hop nay ludn cé thé bd qua duge dién khang X, , do né néi song
song vdi mét dién khdng c6 tri s6 rat nho X,,. Khi d6 so dé thay th€ c6 dang mot
dien khiang Xy = X, + X, néi dat phia cudn ddy tam gidc (hinh 6.7,a,b). D& thdy
ring so d6 khong phu thudc tuong quan so c4p - thit cAp d6i véi cudn day tam giac
(hinh 6.7)

Khi cudn day d4u tam giic dau vao phia nguén (so cAp) mach dién s& bi hd ngay
tai khoa K vi dong thir t¢ khong khong chay dugc vio cudn day ddu tam gidc.
Trong trudng hop may bi&n dp 2 cudn day d4u sao - tam gidc kho4 K ludn bi ma.
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1 Xs K 2 I Kk X5 2
: QAL + M .
-1 -J_ 1,=0 J_
a) b)
Hinh 6.7

Tir cc phan tich & trén, ta 6 thé suy ra tuong tu cho so dé thay thé& thir tr khong
cla cic loai may bién 4p 3 cuon day. Khi c6é cuon day dau tam gidc, dién khang ti
ho4 luén c6 thé duce bd qua (xem hinh 6.8).

Hinh 6.8
M6t s6 kidu dau day cla may bién ap ba cudn
day va sa d4 thay thé thir ti khéng
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Hinh 6.8

5. Puong day tai dién

Cic duong day 1ai dién rén khong va day cdp 12 phin tir khong cé chuyén dong
quay nén X, = X,. Tuy nhién giita cic pha c6 hd cdm nén néi chung X, # X, . Dién
khang thir o khong cia dudng day phy thudc vao ciu tao ciia day dan, tiét dién
day, kich thudc cot, s6 10 va dién ap cia dudng day. DE xdc dinh dién khang thit y
khong clia duding day tai dién c6 thé 4p dung céc cong thirc tinh todn két hop véi do
dac ki€m tra bing thuc nghiém (xem phu luc 4). o) giai doan thiét k& hoic trong cic
tinh toan khoéng dot hoi do chinh x4c cao c6 thé 14y thong s6 X, theo cde cau triic

dién hinh (bing 5.2).

Bdng 5.2
Dic tinh dudng day Ty s6 X/X,
Puong day don, khéng cé day chéng sét 35
Duang day don, ¢6 day chéng sét bing thép 3,0
Puong day don, c6 day chong sét din dién t6t 2,0
Dudng day kép, khong c6 day chdng sét 5.5
Puong day kép, c6 day chong sét bing thép 4,7
Puong day kép, cé day chénz sét din dién t6t 3.0
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Khi tinh so bo, v8i c4c dudng day trén khong U <220 kV cé thé 14y
X, = 3X,.
Céc dudmg day cdp Ra= 10R, ;
Xy = (3,5 +4,6)X, .
Cic dudng day siéu cao dp cdn dugc tinh toan rieng R,, X, cho méi trudng hop.
S& di cdc dudng day cdp va dudng day trén khong dién trd thd ny khéng ciing 16n
len nhiéu do dnh hudng rat manh cia dién trd dat (vo cap) va dién dung ky sinh.
6. Cac so d6 tdng hop thir tir thuan, thir tu nghich va thi tu
khong ctia mang dién.

Ciing nhu d6i véi so d6 thy tr thuan, so d6 téng hop thd wr nghich va tha w
khong cla toan he théng di¢n gan nhu 1a su ghép ndi so d6 thay th€ cha céc phin
tur.

a) So d8 thi tu thudn

Sc d6 thy tir thusn duge thiét 14p ciling chinh ]a so d6 tinh toin ngin mach 3 pha,
phu thudc vao ché do ngin mach tinh todn. Khi tinh trj s6 ban ddu cba dong dién
ngin mach chu ky (ddng dién qua do) may phit dugc thay thé bing E" va X",
(theo phuong phdp gdn ding), con khi ngdn mach duy tri thay bing E, ,, va X,
(hodc U,y). Cic phén tir khdc clia mang dién khong cé gi thay déi so véi khi tinh
todn ngin mach 3 pha. Diéu ding chi ¥ 12 diém ngin mach ctia so dé thir ty thuan,
trong tinh ngin mach khéng d6i ximg khong néi véi trung diém cla so d6 (12 diém
ndi trung di€ém clia cdc mdy phat, phu tai, mdy bi€n 4p ...) boi vi dién 4p thi
thuan tai diém ngén mach kh4c khong.

b) So dé thet tu nghich

So dé thi ty nghich, ndi chung giong nhu d&i véi so d6 thi tur thuan. C6 cdc diém
cin chi ¥ sau :

- Cic 5dd trong so d6 thi tu nghich déu bing 0 (b3i céc sdd dugc coi 12 d6i xiing
trong tinh trang ngin mach).

- Dién khing thi tv nghich ciia ngudn (m4y phat) va phy tai khic vdi dién khdng
thd ty thuan.

- Tri s6 dién khing trén 50 dé thd ty nghich khong phu thude vio ché d6 ngin
mach (qua d6 hay duy tri).

Cuing nhu trong sg d6 thit ty thuan, trung di€m ciia so d6 khéng néi vi di€m ngin
mach. Doi khi d€ khéi nhdm 14n ngudsi ta ky hiéu dién ip thit tw nghich néi vio
di€m ngén mach.
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c) So do thit tu khéng

So dé thir tu khong thuong khdc hin véi so d8 tha tu thuan va thi o nghich.
Nhiéu phén tir cia mang khong c4n dua vio so dé thit tu khong (khi biét ré ching
khong ¢ dong dién thit tir khong chay qua). Sdd ngudn trong so dé thit tr khong
cing luén luén bang khéng, va so d6 khéng phu thudc viao ché d¢ ngin mach
(giong nhu dai vai so dé thir tu nghich).

Mot diém khac biét nita ciia so dé thir tu khong (so véi ca so d6 thit tr thuan va
thit ty nghich) 12 cdn phai k& dén téng trd cla mach trung tinh (dién trd n6i dat
trung tinh hoac tdng trd ban thin day trung tinh). Cic t8ng trd ndy cén duoc nhan
1én 3 14n trong so d6 thit tu khéng. D6 12 vi khi téch ra nhur so dé | pha dé tinh todn,
dong dién thit tr khong chay qua cc phén tir ndy nho hon (chi bing 1/3) tri s6 dong
dién thuyc chay qua ching. Cin tang t8ng trd mach trung tinh 1&n 3 14n 4€ giur
nguyén dién 4p, cdn dong dién sau khi tinh todn sé phai nhan vai 3.

Ngoai ra, dién 4p diém trung tinh cha cdc phin tir trong sa dé thit tu khong, néi
chung khéng bing khéng (khi xét dén t6ng tré cdc mach trung tinh). Vi thé trung
diém clia sa d6 thit ty khéng duge coi 12 diém trung tinh cia dién 4p thit ur khong
tai diém ngén mach.

Vé nguyén tic, c6 thé thiét 1ap so dé thit tu khong bing cich ghép ndi so dé cia
timg phén tlr nhy d6i véi so d6 thit e thuan (nghich). Tuy nhién s6 phan tir cla so
d4 thit tr khong thudmg it hon nhiéu so vdi so d6 thit tu thuan, nghich. D6 12 vi chi
c6 nhing phén tir n6i lién dén diém ngin mach mdéi tham gia vao so d6 . Do d6
ngudi 1a thuong thue hién thi&t 1ap so 46 thit tu khong theo cdch sau day. Xuit phit
tir di€ém ngin mach (coi 1a c6 dién ip U,) di v& moi huéng cia so d8. Mach cia so
dé theo moét huéng ndo dé sé két thic bing mot nhanh cut néu gap cudn day dfu
sao ciia mdy bi&n 4p 6 trung tinh cdch dién, hodc s€ két thic bing nhdnh néi dat
néu gap cudn day ddu tam gidc. Moi phu tai trong so dé thit tr khong déu c6 thé bo
qua vi trung diém clia cdc thi€t bi dung dién thudng duoc cdch dién. Nhanh di dén
phu tai, vi th€ ciing s& 1a nh4nh cut. D6i khi n&u dé y thay wrong phdn mang bj ghép
vio phu tai tdng hop cé cic cudn day mdy bién 4p d4u sao véi trung tinh néi d4t,
hoac néi tam gidc thi c4n phai thay th& ddng theo tdng trd cuén day (khong bé qua
hoan toan duoc).

Trén hinh 6.9 va 6.10 12 mot vai vi du vé so dé thir tr khoéng.
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Hinh 6.9 Vi du vé so dé thir ty khéng
clia HTP phc tap
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Hinh 6.10 Vai vi du khac
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6.4 DONG DIEN VA DIEN AP TAI DIEM NGAN MACH
1. Quy uéc déi véi so dé.

Khi ngdn mach khéng d6i ximg trang thai cic pha khong gi6ng nhau. Dé thuan
tién cho viéc tinh todn, phan tich ngudi ta d2 dua ra cic qui uc chung d6i véi so dé
nhu sau :

a) Pha A la pha ddc biét trong tinh trang ngdn mach khéng déi xing.

V4i qui vdc ndy, khi ngin mach mot pha, cdn ky hiéu pha A 1a pha bj ngin
mach, con khi ngdn mach hat pha va hai pha néi nat, pha A phai 1a pha khéng bi
ngin mach.

b) Dong dién ngdn mach tai ché ngdn mach cé chiéu di tr ddy ddn ra ché ngan
mach, dién dp tinh nr day dan dén trung diém cria so dé.

So d8 hinh 6.11 th€ hién quy udc vé chiéu clia dong dién tai ché ngin mach
tuong (ng vGi cdc dang ngdn mach khong d6i xing. Theo quy udc ndy thi dong
dién ngdn mach hai pha tai chd ngin mach I, = - Iy . Cic pha khong bi ngin
mach s& cé dong dién tai diém ngin mach bing 0.

A A A
B B B
C C C
velyl ol dy il Ty
INA IND INC INA an [NC INA INB lNC
T 777777 7777777 7

Hinh 6.1

Ngoai ra, ludn quy uéc ring céc sdd thif tw nghich va thi tu khéng cita ngudn trong
cdc 5o dé thir e tromg dng cia ching déu bing khong (chi ¢é nguén sdd thir w
thuan),

2. Hé phuong trinh co ban déi véi dong dién va dién ap tal
diém ngin mach.

Pé don giin ta xét so d6 HTD di dugc bién d6i t6i gian vé dang chi c6 mot dién
khing téng hop n6i vdi diém ngin mach (cho ca 3 so d6 thuan, nghich, khong). D&
viél dugc 3 phuong trinh theo dinh luat Kirchof II cho céc so d6 (hinh 6.12):

UNal =Ea): —thalxIE
UN.: = _.th.zxzz (6-4)
UN|0 = _.jiN.oXo:

150



Hinh 8.12

Ba phuong trinh chita 6 4n s6 1 1yy,,s Tnaps Ingo V2 Upyrs Uniezs Uneo - Do do

con cin b8 sung théem 3 phuong trinh ni#a. Cic phuong trinh cé
thé thiét 1ap dugc theo trang thai cha diém ngin mach (xem hinh 6.11):

N(l) N(2) N(Ll)
iNb=0 iNa= 0 iN.= 0
iNc=0 iNb=—iNc UNb=0
UNa =0 UNb =UN1: 0Nc =0

Cic phuong trinh trén duge viét cho cdce dai lugng t8ng hop nén dé ghép véi (6-4)
cén sir dung quan he (6-2) chuyén vé cic thinh phén thit tu thuéc pha A. Véi 6
phuong trinh 6 4n, c6 thé giai d& dang d€ nhan cdc dong dién va dién 4p thanh phin
pha A tai diém ngdn mach. Cing sit dung (6-2) ta c6 thé tim ra dong, 4p toan phén
tai di€m ngin mach cic pha.

3. Ngdn mach 2 pha

Ta xét cu thé mét trudng hop. ching han ngén mach 2 pha. Hé phuong trinh trang
thai diém ngin mach nhu sau :

i.=0.
iNb =_iNc; (6-5)
Ug=U\ -
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Xuat phat tir (6-4) va (6-5) dua vao quan he (6-2) ta giai ra cic dat luong thanh
phan. Trudc hét ta ¢6 :

imo =%(1Nu +iNb +iNc) =0;

Do dé ciing ¢6 :
Upao =0+ )1 X4y =0

Tiép theo, ta c6 :
Is =iNul i e =00

ma I,,, =0, nén:

INAI == iNaz ; *)
Mat khic . do Uy, = Uy, nén cé thé viét :

Uy, = %(UNa +aU, +azUN¢)

=1(UNa +(a+a’)UNb) :

U,., —%(UN, +2’U,, +aU, )
] )
5( e+ (2 +a)UNh) .
Suy ra: U =Uys (**)

Do ¢6 (**) , tir cic phuong trinh co ban (6-4), viét duoc :
UNal _E Il Xip = =11 X5 -
Véi (*) ta viét thanh :
Ut =Eix - J I XI): =+j I X5 -
Giaira:
T Eﬂl
Ian YT EEE—
- MG+ Xap)
Nhu vy cidc thanh phin con 1ai cling d3 hoan toan xdc dinh :

iNu =-1

UNAI = UNal = jimlxzz

Nal
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Ta tinh cac dai lugng téng hop :

jNa =0

L =1y + a1, +aly,)

=(a* +a) fy = =3 i

Ly =ly,+al,, +a’i,,
=(a+a’) = jV31,
=Upso +Upr + U
=20y, =21 X s -
Upp =Uppo + 3 Uy +aU,,,

U,

a

=(a’ +a)UNal ="J'UNa|
=jINaIX2}Z‘

Tren hinh 6.13 thé hién quan hé gifa c4c thanh phin dong dién, dién 4p cic pha véi
.dai luong 8ng bing dé thi véc to.

“-._’__IN < A U .
a
Nci
< ‘\ ” Nc2 .
\\ e UNnJ‘UN.I
NV : il
[Nal ‘,_-__--_i’r.'_.. ...... pINn! ::
KN — 1]
N =0 i
« l/ \\ A ‘
’ \ g IR '
e ¢ Y Inos Um;z’,s" “\\UNhI
" “I‘-t ‘_.‘
¥ IR T
Nb T
UNb - UNc

Hinh 6.13

2. Ngan mach mét pha
Céc phuong trinh thé hién trang thai ngén mach :
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Ie = 0;
[y, = 0; (6-6)
U, = 0.

Keét hgp véi (6-4) ta giai duge cic thanh phdn dong dién va dién 4p pha A tai di€m
ngin mach nhu sau.

Vi iNb = iNc = 0 nén theo (6-3) ta c6 ngay :
1.

INno = IN:I = INn) =§IN1 .
Véi dién 4p U, 1a c6 thé vi€t :
UNa :UNal +UNa| +UNno =0.

Tir cdc quan hé trén, néu céng c4c phuong trinh co ban (6-4) lai véi nhau ta c6:
0=E; -] IN-I(XXZ + X +Xog) -
Y Ea)‘.
INal =" *
H(X s + Xy +Xo5)

Suyra:

D6 ciing chinh [a tri s& cha 1,,,,, I, . Cdc thanh phén dién 4p ciing hoan toan xdc
dinh boi I, :
UNn = Eaz _jiNnxl}: = jiNal (Xyz + Xoz)
Uiz = —Jlaa Xy =31 X
Unao = I neoXog = —j1nai Xox

Cic dai luong téng hop, tinh duoc theo | (U

iNl = 3 “[Nu
iNb =1y =0
UNI = 0

UNb = alUN“ +aUN:2 +UN:0
=l [al(Xn +X ) —aX,; — X ]
= jirm [(a} —a)X,; +(a’ -DX ]
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Uy =aU,,, +a’U,,, + Uy,
= jly [2(X,e +Xog)—2"Xyp =X ]
= jirm [(a_az)xzz +(a-1)X;]
D6 thi véc to thé hién quan hé giita cic thanh phdn dong dién va dién 4p c4c pha

nhu trén hinh 6-14,
INc! iNb2

ASY - N .

v Dnet = Inaa =1Na0 jNa

z
1
1
1
1
1
1
'
’
w
v

Uy

U U a2 Upw
Hinh 6.14
3. Ng4n mach 2 pha chap dat.
Cic phuong trinh trang thai ctia diém ngén mach :
1,=0;
Uy =03 (6-7)
U, =0.

Dong dién va dién 4p thanh phén tai diém ngin mach pha A ciing s& duoc giai trén
coso (6-4) va (6-7).
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Trudc hét tr quan he (6-3) c6 thé nhan ngay dugc cic dién 4p thanh phan. Véi :

Ug=U,=0.

. . . ] .-
Taco: Usat = Uiz = Upio =§UNn :
Theo cic phuong trinh co bin (6-4) ta tinh dugc tri s6 cdc dong dién thanh phin
theo cic diendp U,,,,U,,, vaU,,,.Tacé:

I - Eai _UNzI .
Nal — . s
1 X
Ty = ——.U”“ vt (6-8)
I Xy
i —_Yneo
T Xy

Cong theo vé& cac phuong trinh trén va d€ y ring :
iN:l + iN:l + iNao = iNl =0
Tacé:
E:-Un _ U, _ UNao =0
I Xs IXys 31X

Thay U,,, vaU,,, bing Uy, ta rit ra duoc :

B C Xor Xos
+ XZZ XOI Xz);+xoz
Xos + Xz

UN:I =

6-9
XI)‘.

Thay U, vao biéu thitc clia 1, trong (6-7) tacé :

Eu (6-10)

iN:l =
. X, X
J[x|z+ 21 0L ]
XHZ +X0£

Két hop cac biéu thic (6-9) va (6-10) ta cé thé biéu dién cdc dien 4p ngin mach
thanh phén theo dong di¢n 1, :

X22 XOI

UN:I =] Nalm= Na2 =UN:D .
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Sau dé theo (6-8) ta ciing ¢ biéu thife clia cAc dong dién thanh phé4n con lai :
UN:Z R X

_ )3
Naz2 — T % = T InNal

1 Xy Xor + Xog
i — Umo N Xzz
Nad —

. - [3-—
JXOE ! X2I+X02

Cic dai luong (dng hop tinh dugc nhu sau :

Xy + Xys
I = aly, +a’ | P +1N10
X,y +2° X ¢

= INzl - =
Xys + Xog

Trong cdc biéu thic trén c6 chifa todn tir quay a 13 phc s6 nén tinh toan kha phic
tap. Trong thuc t& nguoi ta thidmg quan tam dén tri tuyét d6i (bién do hay tri s6
hiéu dung). Cé thé bién d6i dé nhan duoc gia tri sau :

‘az Xy +aXy
XZZ +X0‘;

_ J_ \/' Xu: Xor
Xy + Xos)®
Nhu vay vé tri s6 tuyét d6i dong dién ngin mach trong cdc pha B va C déu bing
nhau :

2
:‘a_X2£+a Xoz
X22+XOI

‘iNh'=‘iNC|=\/§\/1_M T -

(Xﬂ: + XOI)Z

Quan hé giita cdc dai lugng dong dién va dién 4p cdc pha tai diém ngin mach dugc
Vvé trén d6 thi véc to hinh (6.15). So s4nh v&i hinh (6.14) ta thay ¢6 su déi nglu
gilta dong dién va dién 4p trong 2 dang ngin mach | pha vA 2 pha chap d4t.C6 thé
so sinh cdc quan hé sau day :
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Ngén mach 1 pha Ngdn mach 2 pha chap ddt

NO NP
Uy,=0 i, =0
iy =0 U, = 0
Ine = 0 Uy =0
iNul = iNa! ziN.—;o UNal = UNu! :UNao
Iy = 3l U = 3Uy,

UN:
!
> INAI .
*UN;I
(1]
:{ UNa)
111
:: UNaD
11
P
UNO' 257 e Une
- # SR
Unez Ui
Hinh 6.15

6.5 QUY TAC DANG TRI THU TU THUAN
V¢ nguyen tic, dé tinh ddng dién ngin mach khong dsi xing tai diém ngén mach,
sau khi bién d6i cdc so d6 tha ws vé dang don gian nhat c6 thé 4p dung céc phép
tinh nhu trén (muc 6-4) dé nhan két qua cy thé. Tuy nhién, trong thuc t€ cé thé tinh
todn nhanh hon dira vao céac nhan xét sau day (xem bang 6-3) :
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Bing 6-3

Ngin Dong ngin mach Tri s6 ddng dién ngén mach t8ng
mach thit tw thuan hgp & cic pha
‘ E
N I, == L I =3Iy : Iy =Inc =0
Nal J(X”: +X2.r +x02) N Nal Nh NC
: E
N @ Ia ——  —a I.=0 ; Loy =1w =31
Nal j(X”: +X2T) Na Nb NC Nal
N . . Eaz INaz O :
Iy = L= Inc

= INuI

X Xor «
X + 214 0L
J(Xys X”_+Xuz) ﬁ\/l- X,s Xoy _
(Xoz +Xo5)

|. Ddng dién ngdn mach thir t thuan ciia moi dang ngin mach déu c6 thé xac dinh
theo biéu thic chung :

™ _ Ea! .
Naf . n ’
X + X(A ))

Trong d6, X{" - 13 mot dien khang (goi 12 dién khdng phu ctia loai ngin mach n),
v6i biéu thifc hoan toan x4c dinh theo dang ngdn mach (bang 6-4) va dugc tinh theo
Xor va X -

2. Tri s6 cha dong dién ngin mach téng hop tai c4c pha c6 dong dién ngin mach ti
1& vdi tri s6 ctia thanh phén thif tr thuan theo hé s6 m™ :

n) _ n)
I%\I-) =m INaI

He 56 ti 1é m™ ciing ¢6 biéu thiic hoan toan xdc dinh phu thuéc vio dang ngin
mach n (bang 6-4).
Tir cac nhan xét trén cé thé rit ra quy tic sau (goi 12 tuy tc ding tri thit ty thudn) :

Dong dién thi tu thuan clia mot dang ngin mach khéng d6i xing bat ky déu c6
thé tinh dugc nhu ddng dién ngin mach 3 pha & so dé thit tu thuan nhung tai ¢iém
xa hon mot dién khang X", Tri s6 ciia dien khiang X phu thudc vao tri s6 dién
khéng t6ng hop clia cdc so dé thit tu nghich va thit ty khéng, véi biéu thic hoan
toan x4c dinh tuy thudc dang ngian mach n.
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Bdng 6-4

Dang ngén n X,™ m™
mach
N 1 Xas + Xox 3
N @ 2 Xz i
N (D 1.1 Xoy 1 Xox ﬁ\/1_%
N 3 0 |

Quy tic ding tri thit ti thuin cdng vdi céc tinh chat ciia dong dién ngin mach
vira néu di cho phép suy ra cdch tinh don gian déng dién ngan mach khéng déi
xung tai diém ngan mach. Cdc budc thuc hién nhu sau :

1. Thiét 1ap so d4 thay thé tinh todn cdc thit ty thuan, nghjcﬁ, khéng cia hé théng
dién, tir 46 xdc dinh cic dien khing téng hop X5 va X,y va dien khang phu X",
Can chu ¥ ring cac dién khang X,s va X5 dugc x4c dinh gi€ng nhu cic téng trg
ddu vao ciia cdc so d6 (thif tu nghich, thié ty Khéng) nhin tir diém ngdn mach. Mach
dién khong nguén (vi cdc sdd thi tr nghich va thit tir khéng bang 0) nén luén luon
tim duoe X,y va X,y nhu dién khing ding tri cila toan bo so dé.

2. Dua vao so dé tht ty thudn va dién khing phu X{ (néi vao diém ngin

mach) x4c dinh dong dién ngin mach thir ey thuan 1), tai di€m ngin mach. Cich

tinh todn rong budc ndy hoan toin ging nhir d&i v6i ngin mach 3 pha d6i ximg, ké
ca viéc ding phuong phap dudng cong tinh todn.

3. Tinh dong dién va dién 4p ngin mach khong ddi xung tai di€ém ngin mach.

3 budc nay, néu chi quan tim dén tri s6 cla dong dién ngin mach (khong cin
tinh g6c pha) thi cé thé dp dung quan hé :

I =m™I1§), (6-11)

Tri s8 dong dién tinh dugc theo biéu thirc trén duge hiéu 1a tri s6 hiéu dung cia
dong dién ngin mach khong d6i xing t8ng tai cdc pha bi ngin mach.

- V&i ngdn mach 1 pha - dong dién ngin mach pha A chay vao di€ém ngin mach.

- Vé&i ngdn mach 2 pha va 2 pha noi dat - dong dién ngin mach chay trong pha B
va pha C di qua diém ngdn mach (chting 1u6n c6 tri s6 bing nhau).

Pé x4c dinh ca géc pha cho cic dong dién ngin mach cin phai dua vao céc d6
thi véc to (hinh 6.13, 6.14, 6.15). D& xdc dinh dién 4p tai diém ngén mach, trude
tien cdn tinh dién dp thit v thuan :

() _ oy {m)p(n)
UNn "‘JXA IN:I

Sau dé ciing dua vao cic d6 thi véc to dé tim dién 4p ngidn mach téng céc pha.
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Vi dy 6.1 Cho ngan mach 2 pha néi dat tai diém N ciia so dé hinh 6.16.a. Xéc dinh
dong dién trong cdc pha sy c6 tai diém ngén mach va déng dién di vao day trung
tinh n6i dat coa cic mdy bién dp sau 0.7 giy. Céc s6 lien da dugc ghi trye 1iép trén
so d6. Ca 2 may phat déu c6 TDK.

Giai . Sa d6 thay thé thit ty thuan (nghich) vé duoc nhu trén hinh 6.16,b . thit tr
khéng trén hinh 6.16.c . trong dd cdc dién khdng duoc tinh trong hé don vi tuong
a6i vai S, = 60 MVA, U, = U,. Do tinh d6i ximg cua so d6 thit tu thuan trén so d
di bé qua ahdnh can bing gém cdc dién khing cudn cao 4p cui may bién dp (tuong
ing vSi ky hieu X, va X, trén so do thit iy khang).

B, Sh=75MVA

A
U%=7.5
Yo #N' N .

8 km

x,=0.40/km

X,=3.5 x,

37kV 115kV
Sp=60 MVA B v LB, —
Une=11% :
UNT = 0 Yo Yo
A A
nn = 6%
k =115/37/10.5 S, = 60 MVA
Fi F, @ Ue=105kV, X" =0.14

a)

X 20,06 X=0.06

b) c)
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Ta ti€n hanh bi€n d6i 1am don gian so d6. Véi so d6 thit ty thuan, cé ngay:

_0,14+0,06

X,; =X, = +0,14=024 .

Vi so d6 thit tu khong cén tinh:
X1 = XM(X+X+X,) = 0,06//(0,06+0,11+0,11) = 0,05.
X, = X, +X, = 0.05+0.49 = 0,54 .
Xor = X1 // X10=054//0,6 =0,28.
Tinh dién khang phu :
Xa'""= X5 // Xor =024 //0,28 =0,13 .
D¢ dp dung phuong phip dudmg cong tinh to4n ta x4c dinh :

X = (Ko + X0y =

S
Xf:‘” — (X”: + Xgl)) dm
Srb

2x 60
60

Theo dudng cong tfnh todn clia may phét dién tua bin hoi , tuong ing véi t = 0,7 tra
duoc Iy, .= 1,16.

Dé tinh dong dién c6 tén ta x4c dinh:
I _ Sinr _ 120
o J3u, Bx37

Nhu vay dong dién thu tu thudn c6 tri s6: Iy, = 1,16 . 1,.87=2,17kA .
Pé tinh ddng dién ngin mach téng hop tai cc pha bi ngin mach ta x4c dinh h¢ s&
m'", Vi dang ngdn mach 2 pha néi dat ta cé:

=(0,24+0,13) =0,74.

=187kA .

(X5 +Xop)’

=J§J1_M 1,51 .

mt =3 \/IL

(0,24 +0,28)

Nhu vay dong dién ngin mach téng trong cic pha ¢6 su c¢6 (pha B va C) déu c6 tri
56 1a:

L =m®™ Ly, =1,51.1,17=328KA .
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Dong dién ngdn mach trong dat tai chd ngin mach :

Id = 3I.\lao =31Nn X—XL_
le +x0}:
=3x217x—22 _300 KA.
0.24+0.28

Dong dién chay vio dit ciing chinh bing téng dong dién chay qua trung tinh cia
cac may bién ap Bl, B, va B, (hinh 6.16.¢). Theo tuong quan giita cic dién khéng ta
tinh dugc:

- dong dién chay trong trung tinh mdy bién ép B, :

Iy =1, Xi/(X2+Xi0) = 3.02. 0,54/(0,54+0,6) = 1,43 kA ;
- dong dién di trong trung tinh cudn trung B, :

Iy, =1y-1,,=3,02-143=028kA;

Dong dién ndy sé chay sang cuén ha va cuén cao vi cudn ha dau tam gidc va mach
cudn cao n6i lién sang B2. Gia sl cdn tinh theém dong dién chay trong trung tinh
cudn cao cia B, . Ta thdy né bing dong thi tu khéng chay trong cuédn cao B,. Dong
nay néu tinh & cAp dién &p 37 kV thi s& ¢4 tri 56 tinh theo cong thic:

Lo =T - X0/ (XX + X+ Xo)
=1,59.0,06 / (0,06+0,11+0,11+0,06) = 0,28 kA .
Tinhadiendp 115kVtacéd:
Loy aiseny = 3.61 . (37/115) = 0,09 kA .

Vidu 6-2 . Cho so d8 hé th6ng dién hinh 6.17,a, tim dong dién trong cdc pha sw c6
tai chd ngin mach sau 0,2 gidy. Gia thi€t ngin mach x4y ra tai diém N véi cic
dang sau:

a) hai pha ; b) mot pha ; hai pha néi dat .

Lic x4y ra ngdn mach hai pha n6i d4t cin tim thém dong dién trong day trung tinh
ciia may bién dp B,.
S6 liéu cia cac phén tr so d6 duge cho nhu sau:
- May phdt thuy dien: S, = 180 MVA; U,, = 10,5 kV; X", = X, =04, ¢6
TDK.
- Maiy biéndp B, : S, =31.5 MVA: k=115/10,5; Uy% = 10.5;
- Midy bién 4p B, : S,, = 60 MVA; k = 230/115/10,5; Uy%cr = 8:
UN%C>H = 18; UN%T-H = 10;
-  Puong day I = 100 km; x, = 0,4 6m/km; X, =3 X,;
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Gidi : Trén hinh 6.17,b va 6.17,c v& so d6 thay th& thi tr thuan (nghich) va tha ty
khong. Cac dien khdng ghi trén so a6 duge tinh tir cic s6 liéu da cho vdi Juong co
ban chon la : S, = 180 MVA, U = Uy

<

F CP 10,5 kV
Y A
.40@ B, B,

2o L Ty vo

1S kV

a)

Hinh 6.17

Trudc tién tinh dién khing t6ng hop clia cdc so dé déi véi diém ngin mach N.
Vi so dé thit tu thudn, nghich (giéng nhau vi cho X", = X;):

Xz = X5 = 0,136 + 0,24 + (0,3//0,6) + 0,4 = 0,976 .
Theo sd dd thi tiy khong ta ¢6:

Xoe = 0,408 + 0,24 + (0,3//0,6) = 0,848 .
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a) Truieong hop ngdn mach hai pha .
Pien khdng phu tai didm N : X,® = X,y = 0,976. He s6 tile m =3 .
Vida chon S, = S,z nén ta c6 ngay dién khing tinh todn :

X =Xr + X,»=0976 +0,976 = 1,952 .

_ Sins _ 180 ~0,452 KA .

If“
"™OBU, V3x230

Tir dudng cong tinh todn ctia mdy phat tvabin nudc , véi t = 0,2 gidy ta tra dugc
dong dién tinh todn thit tu thuan: 1%y, = 0,51 . Tir 46 tinh duge dong dién téng tai
chd ngin mach (trén cic pha c6 su c6):

12 = mP I8 1, =/3%0,51x0,452=0,4 kKA.
b) Truong hop ngdn mach mot pha.

Dién khang phu s& 12 : X, = Xyr + Xz = 0,976 + 0,848 = 1,824 Ha s6 : m® = 3.
Dién khang tinh toan : X, = X5 + Xs" = 1,824 + 0,976 = 2.8 .

Dong dién thit ty thuan tai chd ngdn mach tra duoc theo dudng cong:
I.,;"=0,36.
Dong dien ngin mach 1 pha trong pha su c¢6 (pha A):

L = mY, I, " Is=3.0,36.0,452 = 0,488 kA .
c} Trieomg hop ngdn mach hai pha néi dat.

Dién khang phu : X" = X,5 // X£ = 0,976 // 0,848 = 0,435 .

Hesotilé :
m" = \/—\f Xzzxoz
(Xpp + X5’

=‘6\j1_ 0976x0848 _, ¢\

(0,976 + 0,848)*

Dién khing tinh toan :
X = Xip + X" =0,976 + 0,453 = 1,429,

Dong dién tha tir thuan tai dlém ngin mach tra theo dudng cong:

o =071,
Dong dién ngén mach hai pha n6i d4t tai dlem ngan mach:

LY =m®Y [ 1 = 0,71 01,5 . 0,452 = 0,485 KA .
Dong dién thit tu khong di trén dudng day tinh trong don vi tuong d6i:
X, 0,976

op = Inao = ya = U, /71X =0,38 .

X, + X, 0,976 + 0,848

|
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Dong dién thit tr khong di vao mdy bién dp B,:

X
gy =lpp ——=—=0,38x _03 =0,127.
X, +X, 0,3+0,6
Dong dién chay qua day trung tinh clla mdy bién dp B, , tinh trong don vi ¢6 tén :
180

Lygieny =3 Tom Timy = 3% 0,127 x = 0,344 kA .

J3x115

Trong cic vi du trén, khi dp dung phuong phdp dudng cong tinh toin déu sir
dung mot bién déi, dé 1a vi c6 thém dien khdng phu X,™ cdc mdy phét trong hiu
hét cac trudng hop déu c6 thé coi 1a & xa diém ngin mach x4p xi nhau. Day ciing l1a
dic diém chung (thuan lgi) dé 4p dung dudng cong tinh todn 48i véi ngin mach
khong d6i xing. Duong nhién khi cé thanh céi hé théng vin phai ap dung it nhat 12
2 bién d6i vi hé théng cin dugc tinh riéng khéng dung dudmg cong (nhu khi tinh
ngin mach 3 pha).

6.6 TINH TOAN DONG DIEN NGAN MACH KHONG BOI XUNG
PHAN BO TREN CAC NHANH (phuong phap md réng sd d6)

Sau khi tinh duge dong dién vi dién 4p ngin mach 6ng tai diém ngdn mach
(theo quy tic ddng tri thit tu thuan) c6 thé tinh duge dong dién ngén mach phan bs
trén cdc nhénh theo thuat todn md rong so d8. N&u thyc hién bing chuong trinh
mdy tinh thi dé chinh 1a qué trinh nguge cha phép loai trir Gauss xac dinh dién dp
cdc nut va sau dd tim dong nhdnh (xem chuong 4). Khi thuec hién tinh toin bang
tay, dé tinh (o4n ddng dién ngin mach phan b6 trén cic nhdnh cé thé dua vdo cic
so d6 trung gian trong qué trinh bién déi rit gon (trudc d6) dé tinh déng thoi dien
Ap va dong dién clia so dé. Cén thuc hién theo thit tu ngtrgc: mo rong dan so dé.

Néu qua trinh nit gon 12 phép bién déi song song cdc nhinh thi qui trinh tinh
nguoc thuc ch4t 12 phép tim cic dong nhinh khi cho trude dong téng. Ching han
qua trinh tim dong dién thit tw khéng phan b6 da thyc hién d6i véi sa d6 hinh 6.16,¢
(vi du 6-1). Dua vao so dé bign d6i gan cudi cing (nhdnh X, song song véi nhanh
X,,) biét dong dién ngdn mach téng ta tim duoc I, (ddng chay vao B,) va I, (dong
chay vao dudng day vé phia cic mdy bién 4p B, va B,) . Dong dién I,, cling chinh la
dong dién chay qua X, va X,, vi X,, gém 2 phén tir n6i ti€p, d8ng thdi 1a dong dién
téng clia 2 nhinh song song XJ//(X+X+Xs). D& dang tim dugce ddong dién chay
trén nhdnh X, (di qua trung tinh mdy bi&n 4p B,)...

Khi phép bién déi 1a sao-tam gidc hoic sao ludi, cdn két hop tinh dién dp niit.
Ching han, & mot bude nao dé da tim dugc dong dién chay trén nhinh X, (déng
thai c6 thé biét duoc dién 4p 2 d4u nhanh). Nai tiép 12 sa 48 tam gidc nhan duoe do
két qua phép bién d6i hinh sao trude d6. Ta cdn tim dong nhénh cla so d6 hinh sao
ban d4u (hinh 6.18).
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Hinh 6.18

Trong trudng hop nay bao gid ciing ¢6 moét nhanh hinh sao n6i lién véi nhanh X, ¢6
dong ap da biét. Do d6 tinh duge dién 4p tAm hinh sao:

U, =U, +jl,X, =U, +jl X,.

Cudi cung tinh dugc dong dién cia (4t ca cdc nhdnh con lai. Véi so dé sao-ludi
cach tinh ciing nhu vay. Cin hnu ¥ cdc diém sau khi thie hién tinh todn dong dién
ngan mach khong déi ximg phan bé trén cic nhénh:

- Can tim dong dién phan bg theo timg thanh phén, trén timg so dé thir w tuong
ing (khéng phin bé theo dong va dp t6ng hgp). Trude khi tinh todn cdn x4dc dinh
dong dién va dién dp ngan mach thanh phén tai diém ngin mach ca vé tri s& 14n géc
pha. Chu y, 14y géc pha clla dong dién va di¢n 4p thanh phén thit tr thuan, pha A,
tai diém ngan mach 1am chuan. Cic géc pha nay phu thuéc géc pha ciia sdd nguén
va dac trung cla so d6 thit tu thuan.

- Tri s6 dién 4p ngan mach tai cdc nit trén so d6 tha wr thuan cao nhét tai nguén va
giam din vé diém ngin mach. Dién 4p thi ty thuan tai diém ngén mach khéc khong
(bang dién ap trén X,™). Tri s6 dién 4dp ngén mach thanh phan thit iy nghich va thir
tr khong phan b6 twrong \mg trén cac so dé clia chiing cao nhat tai diém ngin mach,
giam ddn vé phia ngudn va cdc trung tinh n6i d4t (xa dan diém ngén mach). (xem
muc 6.6).

- Khi chay qua céc may bi€n dp géc pha cla cdc thanh phin dong dién va dién ap
thi w thay déi theo cac hudng khéng giéng nhau (dong thir tir thuan quay nguoc
v6i dong thi wr nghich) do d6 trong quan tri s6 cua dong dién va dién 4p ngan
mach téng hop & 2 phia may bién 4p c6 thé khdc hidn nhau. Cin chi ¥ dén 16 dau
day chia cic mdy bién ap dé thay d6i géc 1ech pha cho phu hop khi tién hanh tinh
toan phan bs dong dién va dién 4p cic thanh phan (xem muc 6.8).

- Dong dien va dién 4p t6ng hgp phan b trén cdc nhdnh, dién Ap phan bé t-én céc
niit cdn duge tinh 12 téng vecto (hay phiic 56) cdc ddng dién thanh phédn. Khi thiét
lap sd d6 tinh todn cho timg thanh phan thi ty cdn cé cdch ky hiéu thuan lgi dé cé
thé xac dinh dugc cdc nhdnh vi c4c nit tuong Umg trén ca 3 so dé (dic biét véi so
dé thit tu Khong).

167



6.7 DAC DIEM PHAN BO DIEN AP NGAN MACH KHONG
POI XUNG

Nhur trén da néi, trong tinh trang ngin mach khéng déi ximg sifc dién déng cla
cac ngudn van duge coi 1a dét xing. Néi khac di, chi c6 cdc nguén sie dién dong
thit tu thuan trong so do thit ww thuan. Trong so dd thit ty nghich va thi ty khong cac
ngudn dién bi n6i tat vao trung tinh (khéng cé sdd). Bu lai tai diém ngin mach,
dién 4p ngan mach lu6n khic khéng (bing dién dp trén dién khing phu) do d& vin
c6 dong dién phan bd. Tuy nhién, do dac diém trén tri s6 dién dp tai di€ém ngin
mach & so dé thd ur ngich va khéng s& ¢6 tri s8 cao nhat. Cang xa diém ngén mach
dién 4p cAc mit clia so d6 thif tr nghich va thiy tu khéng cang ¢6 tri s6 nhd. Trén
hinh 6.19 minh hoa su phan bd nay.

F. . B D

\ N

Hinh 2.19
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6.8 SU BIEN DOI CUA CAC DONG DIEN VA DIEN AP THANH
PHAN DOI XUNG QUA MAY BIEN AP

Qua may bjé’n dp, cdc thanh phdn d6i xing cba ddng dién va dién dp khong
nhing bi€n ddi vé do 16n (theo ti s6 bi€n 4p) ma cdn thay déi géc pha theo t6 dau
day. Piéu ding chi y 1a ching thay d8i géc pha theo nhimg chiéu khéng gidng
nhau. D€ d& phan tich ta quy uéc xét may bién 4p 1y wdng (khong t6n hao) va ky
htéu cdc dai hrong phia cao 4p 1 1a A, B, C, phia ha dp Il 12 a, b, c. Theo dinh nghia
ti s6 bién do6i clla may bién 4ap 12 ti s§ gilfa cdc vong day hay vai mdy bién 4p ly
twrdng, 1a ti s bien d6 cua cic dién 4p hai phia:

k= Wl :UA] =UA2 =UA0
WI[ U UA? UAO

al
Trong dd ky hiéu ;

W,, W, - s6 vong cudn day cao dp va ha ap
U, Uy, y Uy 111 6 dién dp phia cao dp (thit ty thuan, nghich, khong)
U,,, U,, - tr1 56 dién 4p phia ha dp (thif tu thuan, nghich, khong).

Vé géc pha, dién 4p trén ciing moét pha phia cao 4p va ha dp va léch nhau mét
géc phu thuéc vao t6 diu day va tuy theo thanh phdn thy tr dién 4p. Trén hinh 6.20
thé hién su bi&n déi pha qua may bi&n 4p ¢6 16 dfu day Y/A -11.

“UA! UA2 4
Ual Ua!
y=11.30°=330° y=-11.30"=-330"=30"
Hinh 6.20

1. Su bién déi cua thanh phan thi tu thuan

Bay gid ta st dung ky hiéu phitc s6 dé biéu dién ti s6 bién ap. Gia sir may bién dp
¢6 16 dau day N. (Chéng han véi Y/A -11 thi N = 11). Khi d6 v&i thanh phén thi ty
thuan ta cé thé viét:
K, = Yar _yeir e
al
Gia st so cap la cao ap thi cAp la ha 4p, nghia 12 qua mAy bién 4p, sang phia ha dp
1a nhan duge dién ap thit tr thuan:

169



Ul == — _U c-j30°N
| K k Al
Dé tim biéu thide dong dién thi cap ta xu4t phét tir quan hé bao toan céng suat phitc
qua may bién 4p:

S=UA1iA1 =Ualial
Suy ra :
. U.. . .o
I, = UM IAI =K, 1,
a)
Hay :

151 = Kt iAI =k iAl c-jWN§

Nhu vay ca vecto dong dién va vecto dién 4p thit tu thudn phia thit cAp mdy bién 4p
déu bi xoay cdng chiéu kim déng hé mot géc 30°.N (tién N gid), so vdi vecto so
cAp cung pha.

Truong hop riéng (hay gip) may bién 4p c6 t6 ddu day Y/A -11 :

. 1. [ -
U - EUMC 3330 =EUA) c131)

8)
1. 301 1 .
= EUM (74‘_]‘5) = IUM(O,866+_]0,5)
i, = ki, e = ki, o
~ kiI,,(0,866+j0,5) .
O day ciing cén dé y ridng, néu tinh trong hé don vi tuong d6i thi qua méy bién dp
dé 16n dong dién va dién 4p khoéng déi, chi cdn chi y dén géc pha. D6 12 vi céc dai
luong co ban ciia dong, 4p & hai phia mdy bi&n dp c6 quan hé:
1

Uch(ha) = i(- Ucb(c:o) ' [ch (ha) =k Iub(cm) .-

2. Su bién ddi cia thanh phdn thi tw nghich
Ti s& bién ap phifc ciia thanh phén thi ty nghich:

U e
K, = AL ke =ke PN |

a2
Bing cdch phan tich tuong tu nhu d6i v6i thanh phan thit ey thuan ta cé:
U 2=UA2 =lU 2cjm“N )
a 5 A '

K, k

i, =K,I,,=kI,, e*";
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Cic vecto déu quay nguoc chiéu kim déng hé so véi vécto so cdp mot géc ta N3g*
(li N gid). V&i may bien 4p ddu Y/A -11 ta c6
. [ .1 . 1. 31
U,=-—-U,e"=_0U,,e™=_-U,,(-j);
27 A KA K az 5 J 2)

NI

o= ki, e = ki, e™ = ki, (-j2) .

2 2
F B
O+ —====
J —
— Iy
I
“IFhl
_[FG" !Fal
IF‘;..- " Taai Ih
Inas '
I, im
A
Unai
n
I~ v
{ 0 ~

Hinh 6.21

17



3. Bién déi ctia thanh phan thit tu kKhéong

Noi chung, thanh phin dién ap vd dong dién thit ty khong chi chay qua dugc mdy
bién 4p trong truomg hop t6 dau day Yo/Yo - 12. Céc cdc trudng hop con lai hoac 1a
khong tén 1ai (ngay & so cdp) hoac khong qua duge thit cdp mdy bién dp. Chinh vi
th€ khi tinh todn cidn quan tdm chd yé&u 1a c6 dong dién thit ty khéng hay khoéng.
Néu c6, dé 1a trudng hop t6 ddu day Yo/Yo , s& c6 géc pha nhu nhau. Truong hap
dong dién thd tr khong chay quén trong cudn tam gidc dién 4p thit ty kKhong triét
tieu & thir cap, nén ciing it khi phai xét.
Hinh 6.21 minh hoa sy bién déi cic thanh phdn ddng dién va vecto t8ng hop & hai
phia mdy btén 4p ndi Y/A -11 . Thanh phédn thit tyr khéng khong qua duoc mady bién
ip (chi chay quin bén trong) nén tai dduv may phat khong c6 thanh phin dong dién
va dién dp thd tu khong. Truong hop dang xét 14 ngén mach mét pha. C6 thé nhan
thay rdng, do su bién déi géc pha nén phia mdy phat khong phai chi c6 dong dién
pha a (pha bi ngin mach) m con cé dong ngin mach & pha ¢ (I6n cung tri 6 !).
Vi du 8-3. Cho so dd va s6 liéu cha vi du 8-2. Tinh ddong dién ngin mach phan bg
trén cic nhanh khi ngin mach 2 pha chap d4t tai di€m N. V& dé thi vécto cho dong
dién va dién 4p ddu cuc mdy phat dién. So d6 ddu diy cita may bién 4p B, la
Yo/Yo/A-12/11, cha mdy bién 4p B, 12 Yo/A-11.
Gidi: Theo két qua tinh 10dn cda vi du 8-2, dong dién thit tu thuin pha A tai ché
ngin mach:

160 =0,71; (don vi tuong d6i)

Vi c6 thé chon tuy ¥ géc pha cia mét pha (Jam chudn) nén thudn tién nhat ta chon
géc pha cua dong dién ngin mach thir tr thusn pha A tai chd ngin mach bang 0.
(Khi d6 gdc pha cia sdd E,s phai phu thudc theo). Ta ky hiéu bing phiic s6 cho

dong dién nay : TNA(,) = (,71. (Chi 56 trong ngodac biéu thi thit ur pha).

Dién dp thy tr thuan pha A tai diém ngén mach tinh dugc:
Usacy =ilaagy - X8 = j0,71x0,435 =j0,316 .

Sitc dién ddng ding tri ctia ngudn pha A tinh dugc theo cong thitc:
EA" = UNA(I) + JINA(I) x

=3j0,316 +j0,71%x0,976=1,01

Déng dién thit ty nghich pha A tai ché ngén mach:

iNA(2 =—Iyag A
) A
o Xys + Xos
—_071x—288 433
0,976 + 0,848

Ta cing c6 UNA“) = UNA(,) = j0,316.
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Thanh phin thy tr khong tai diém ngin mach (k€ dén géc pha):

INA(0)=_I'NA(I)A—_
er +Xox
__o7ix—2978 o8
0,976 + 0,848
Dién dp: Uygaoy = Unagy = 10,316

Pé tien hanh tinh todn dong dién ngan mach phian bg trén cic so dé thi ty duge
thuan 1gi, ta can chi y dén anh hudng néi chung clia t6 ddu day mdy bién 4p dén
phan bs ddng, dp trong mang dién. Thuc ra, khi tinh todn ngin mach ba pha, ké ca
tinh todn ché do xdc lap cla he thong dién, t8 dau day may bi€n 4p luén cé anh
hudng 1am thay déi géc pha (gida cac phin cia mang dién). Chang han, dién ap tat
ca cdc nit cta phdn mang dién néi vao phia cuén 1am giac cia may bién ap diu
Yo/A-11 déu s€ bt tang goc léch pha fén 30° so véi khi khong ¢6 mdy bién dp hoac
may bién ap ndi Yo/Yo-12. Nhung vi anh hudng 12 nhu nhau déi véi toan bo phin
mang nén lai c¢6 thé bd.qua, coi nhu cac may bién 4p déu dau sao-sao. Tri s6 bién
do va tuong quan dong dp trong timg phén khong ¢ gi thay déi. Khi dé tinh trong
he don vi tuong déi c¢6 thé bd qua hoan toan ky hieu may bién 4p 1y tudng (ma ding
ra phai xét dén bién déi géc pha). Chi khi cdn thiét mdi phai ké dén. Tuong tu nhu
thé khi tinh dong, 4p phan bé trong so dé thi tu thuan (nghich). Trudc tién, tinh
phan b6 dong dp trong hé don vi tuang doi, bo qua dnh hudng 1am léch gée pha coa
cac mdy bién 4p (cling ¢6 thé tinh trong hé dan vi ¢6 tén nhung phic tap hon). Sau
dé. " hiéu chinh" géc lech pha cho tat ca dong dién va dién 4p trén phin mang lién
két qua mdy bién 4p c6 anh hudng d&n goc léch. Cubi ciing déi sang don vi 6 tén
va xéc dinh tri 86 dong, 4p 1éng hop (cong ba thanh phan). Ciing c6 thé céng cac
thinh phin theo tri 86 tuong déi trude khi chuyén sang don vi ¢6 tén.

-

a)
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Trong vi du trén ta c6 thé chia mang dién chi 1am 2 phin qua cic may bién dp
noi sao-tam giac vi chi c6 cdc mdy bi¢n 4p nady lam anh hudng dén gdc léch pha.
Phén n6i qua cudn sao-sao khéng can tich rieng (hinh 6.22). N6i chung trong mang
dién phic tap ta ludn tim dugc cic 14t cdt qua cdc mdy bi€n 4p 1am léch géc pha
théng nhat, bot khi thiét k&€ da phai chon cdc mdy bi&n dp 1am viéc song song cing
16 dau day.

Ta tién hanh tinh dong dién ngan mach phan b4 trén timg so d4 thi tw trong hé don
vi trong déi, bo qua anh hudng dén géc léch clia cdc mdy bién 4p.

Véi so d6 thu ty thudn ta ¢6:

ilmz i2(1) =ia(1)=im(,)=0,7l .

. X, +X
Is(n =12(1)x 2 3
X, +X,+ X,
= 0,7]><L = 0,473.
0,3+0,6

Iy =150 =10 — 150, =0,71-0,473 = 0,237
Dong dién thit tu nghich :

Liy=To=lsa =luag =-033

; X, +X
By ) = Dy g X 8 =), 96 _ 4.
X, + X, +X; 0,3+0,6
i4(2) = i$(2) =i2 _i3 = _0,33+0,22 = —0,11 .
Vi so 46 thir tu khong :

i2(0) = is(m =iNA = -0,38 .
: +X
I3(0)=Iz(0)"L=”‘0,33X0;6=—0,253 .

’ X) +X4 +X; 0,3+0,6

Tinh todn ddng dién ngin mach tdng hap trén cic phin tr duoc thuc hién bing
cdch cong 3 dong dien phiic thanh phén trén timg nbhdnh vé6i nhau, c6 chi Y dén
hiéu chinh géc pha. K&t qua nhan duoc sé 13 cdc dong dién phitc téng hop chia pha
A trong tinh trang ngin mach. Ciing cé thé tinh todn déng thdi ca dién dp cic niit
khi quan tam. D€ tinh ddng, 4p trén pha B va pha C cfn 4p dung dé thi vecto hoac
chuyén d6i phic s6:

I,=a’l +al,+1,,:

I =al +a’,+1, .
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Viéc tinh todn dong dién téng hgp c6 thé thy hién cho moi nhdnh, moi niit
(thudmg véi khi giai bing chuong trinh) hodc timg phin. Trong vi du nly ta ciing
chi xét chi ti&t qué trinh tinh dong diép trén nhdnh may ph4t (nhdnh 1).

Trén nhdnb mdy phédt chi ¢6 thanh phén thir ty thuan i, @y va thi tr nghich
I, o - Khi chia hieu chinh goc pha, c6 thé hiéu cic ddng dién thanh phn I, ,, va

[, 5 nhu 12 & phia so cAp cic may bi€n dp ndi Yo/A-11 (hinh 6.22,b). Do d6 dé
thuln tién, ta ky hiéu lai:

- thanh phén thit tr thuan pha A: im = i, o =071
- thanh phan thit ty nghich pha A: I,,, = i, o=-033 .

Tinh & phi thit cdp (hléu chinh lai géc pha nhung vén trong tri s tuong d6i):
I, = 0,71xe”” = 0,71x(0,866 + j0,5):

Ip, = —0,33xe7% = —0,x(0,866 - j0,5) .
Dong dién téng hop trong may pht dién:
I, =1, +I,, = 0,710,866 + j0,5) - 0,33(0,866 — j0,5) = 0,33 + j0,52
Tri s6 tuyée d6i (hiéu dung):
I, =4033"+0,52 =0,615 ;
Dé tinh trong don vi c6 tén ta xac dinh ddng dién co ban & c4p dién 4p may phat:
S, _ 180 ~9.9KA

" BU, Bxl0s

Dbong dién ngian mach chay trong pha a clia mdy phat :

Itiwrm = IR [ =0,615.99 =61 kA .
Ap dung toan tir quay a = e '** ¢6 thé tinh dugc dong dién cdc pha b va c. Ta ¢6:
i, =a’l,, +al,, =071 ¢ — 0,337 i
=0,71¢7™ -0,33e® = - j1,04
Tri $6 tuyét d6i: 1p, = 1,045 Iy = 1,04.99 = 10,3 kA
i, =al,, +a’l,, =0,71e" " —0,33.e77" ¢
= 0,717 %" ~0,33¢7"" =-0,33+0,52
(d6i xiing vdi iF‘ qua truc o)
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Vé tri s6 tuyet d6i: Iy, =1, =0,615; Lrga = 6,1 KA.

Gia sir c4n tinh dién dp ddu cuc mdy phat ta lam nhu sau. Khi chua hiéu chinh ta
tinh binh thuémg :

UFAI = EA!Z —jIFAIXI
= j1,01-j0,71x 0,4 = j0,726 .

UFAZ = “jiFAle =j0,33x0,4 = 0,126 .
Chuyén sang phia thit cap (hiéu chinh géc pha):

U,, = U, e™ =j0,726(0,866 + j0,5) ;
U, = Up,, e = §0,126(0,866 — i0,5) .

Dién 4p ddu cuc mdy phat tren pha A:
U, =Up,, + Uy, = j0,726(0,866 + j0,5) + j0,126(0,866 — j0,5)
= - 0,3+ j0,74
Vétri tuyet d6ic U, = /0,37 +0,74* =08 .
Trong hé don vi c6 tén:

10,5
Urniavy = U Ugpny = 08x —= = 488kV.

NE)

Ta cling tinh dugc cho cic phaBva C:
U,, =a’U,, +aU,, =j0,726." ¢ +j0,126.6 7 "™
=j(0,726e7" +0,126¢* ) = 0,6 ;

U, =aU,, +a’U,, =j0,726" ™ + 0,126 &

=-0,3-j0,74 ;
V& tri tuyét déi trong he don vi cé tén:
10,5
Upyy = 0,6x—= =3,66 XV

V3

Ul-'cnkV) = UF,(W) = 4,88 kV .

Trén hinh 6.22 1a quan hé vectd cic thanh phin dong dién chay trong may phat.
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Hinh 6.22

6.9 SO SANH DONG DIEN NGAN MACH CAC DANG KHAC NHAU
VOI NGAN MACH BA PHA (theo tri 56 tai diém ngin mach)

Khi ngin mach xdy ra tai mét di€m n2o d8 cé thé dat bai todn tim ti s& giita
dong dién ngin mach tai diém ngin mach cdc dang ngin mach khéc nhau véi dong
dién ngin mach ba pha ciing tai diém dé. Hon nita giéi han clia c4c ti s& nay I bao
nhiéu.

Truéce hét ta so sanh cic dién khing phu. Theo céc bi€u thiic trong bing 6-2, ta
cé:

M (2) (.n 3)
XY >X>X{>XY =0.
Do dé dong dién thit ty thoan :
% (2} (11 3 _
TG <TG <INa <l =0
con dién dp thit tr thuan:
) 2) (X)) 3y _
UNAI > U<NA| > UNAI > UN;\ - O
Cic hing s6 thoi gian
T;(I) > Tl;(l) > T;“‘I) > T:!m =0,
do cdc dién khiang phu 1am tang téng trd mach ngoai.
g tong 8

Tuong quan vé hing s6 thdi gian cho thdy, khi xay ra ngdn mach tai cing mot
diém thi dong dien qud dé tu do ciia ngin mach 3 pha sé tit nhanh nh4t (nhanh hon
moi dang ngin mach khoéng déi xing), cham nhat d6i véi ngédn mach mét pha.
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Dé so sanh d6 16n dong dién ngin mach téng hop cdc dang ngdn mach khéc
nhauvéi ngin mach 3 pha ta x4c dinh ti s&:
n n n n)
IV _m®IG _ m®X,

-3 = = = .
T TR e xD

K

a) Ngan mach mét pha:
Theo bang (6-4) tacé m™ =3, X, = Xy5 +Xi5 .

Dién khing tdng hop X,z va X,z ¢6 thé rat bé khi ngan mach ngay gin may phat,
néu trung diém cla né truc ti€p néi d4t thi ¢6 thé coi la  X," — 0. Khi d6 theo
biéu thite trén K, > m™ =3 . Ngugc lai khi trung tinh khong néi dat X, — o
va K(,.4, = 0. Tém lai, trj s6 cia K, .,, ndm trong gidi han sau:

0< K3y 3.

Tuy nhién phu thugc vi tri clia diém ngin mach thuc & K, ,, khong vuot qud 2,5.
Né&u ngén mach xa ¢6 thé coi X,z = Xz . Khidé :

0< K < L5,
b) Ngdn mach hai pha:

Trudng hop nay m® =3 XA =X, . Tri s6 ciia Xy ¢6 thé thay ddi tr 0
(khi ngdn mach gdn cuc mdy phdt) dén X5 (ngin mach xa). Do d6 :

-J—§<K,_ <\/§.
2 2-3)

Thuc 1€ né vao khoang 0.6 < K < 1,6.
c) Ngdn mach hai pha chdp dat

Taco:

o = 3 \/IL a xow = XKy
. (X22+X0£) x22+xoz

Gi4 tri bé nhat cha X" xay ra vao lic hoic X,r = 0 hotic X,z = 0 ; Trong hai
trudmg hop d6 déu c6 m™> =4/3 | X = 0, do d6 theo biéu thitc ta c6 :

K(I.I-J) - \'/-3- '

Gid trj 16n nhat X, = X,5 xdy ra vao lic X,z = o (khi trung tinh khéng néi d4t).
Thuc ra d6 chinh 12 trudng hop riéng, ngin mach hai pha chap dat tré thinh ngén
mach hai pha thong thudng. Phu thudc vao X,s ta cé:

V3

7 <K(!.I—J) < \[5
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Két hop lai ta ciing c6 gidi han giéng nhu khi ngdn mach 2 pha. Tuy nhién do su cé
mat clia X,z tri 6 cia X, " thudng nhan cac gid tri nhd hon X, va K(1,1-3) thién

vé phia 16n gdn véi gia tri 3 trong khi ngdn mach 2 pha khéng chap dat thién vé
tri s& nho.

Tu cic phan tich trén c6 thé thiy ring cdc trudng hop ngin mach khéong d6i
ximg c6 kha nang c6 tri s6 dong dién ngin mach 16n hon ngin mach 3 pha. Vé ly
thuyét c6 thé gip 3 14n dong dién ngin mach 3 pha (trong trudng hop ngin mach
mot pha). Tuy nhién xdc xuat xay ra thdp, nhat 12 véi ngin mach 2 pha. C6 kha ning
Xay ra cao va c6 tri s6 kh4 16n 12 trudng hop ngin mach mot pha.

6.10 SO PO THAY THE PHUC HOP

Dua vao quan hé gitta cic dat lugng dong, 4p tai diém ngén mach ngudi ta dua ra
quy tic k&t ndi gida 3 so do thir vy thuan, th ty nghich va thi tr khong thinh mot
so dé phitc hop. So d6 dam bao ddng trang thai phan b8 cia dong dién va dién ap
thanh phin trén timg bo phan so dé, trong khi trang thai toan mach dién 12 théng
nh4t. Ta c6 cidc quan he sau cho ddng va 4p tai diém ngin mach cia timg dang ngin
mach:

- Ngan mach mét pha:

fan  __ym _ym o,
INal _INn _INAO'

) - i
U(h::x = _(U(Niz + Ug)ao) ;
- Ngin mach hai pha:
[ _ _j@ .
I(Na)\ __lNa)z ’
! — T,
U(r31 -~ U\\‘lﬂ .
- Ngan mach hai pha chap pha:

jONY _ ey Uy
INaI - (IN02 +‘[Nﬂ)) ’

SRS STURVINEE o (RN
Ui —Umz = Uao

Dua vio cidc quan hé ndy ta c6 thé ki€m tra tinh phd hop cia c4e so d6 ghép n6i
phtc hop hinh 6.23. Trén so d6 phuc hop cho méi loai ngdn mach (hinh 6.23), hinh
chit nhat biéu thi chung cho so d6 thd tir thanh phidn (gém nhiéu nhénh nhiéu nit).
Trén d6 cdn ¢6 dudng néi biéu thi trung diém cia so dd (n6i 1ién trung diém céc
ngudn, may bién ip va phu tai). Diém ngin mach ndm & mét noi nao dé trén so dé
¢6 ddnh dau bing chit N. Sg d6 thit tv thuan c6 nguén, cdc so d6 cdn lai khong cé
ngudn.

Dua vao quy tic két n6i trén ta c6 thé thiét 1ap sa d8 phic hgp cho moi hé théng
dién c6 sg d6 phic tap, \ing v4i mdi trang thai ngdn mach khong d6i xing. Trén
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hinh 6.24 va 6.25 1a cdc vi du thiét 1ap so dé phic hgp d6i véi mot s6 he théng dién
cu thé.

So dé phiic hop ¢6 ¥ nghia img dung rat lén. R3 rang ¢6 thé sir dung so d6 phiie
hop d€ tinh todn ngay (khéng c4n qua budc tinh tri s6 ddng 4p tao diém ngn mach)
cdc dong dién va dién dp ngén mach thanh phdn, ddng thdi trén ca 3 so d6 thir tu
(thu2n , nghich, khong). Cong céc thanh phén tyong vng ta duge tri sd dong, 4p
téng hop phén ba trén moi nhdnh moi niit. Pay chinh 12 c4ch thuc hién trong da 56
cdc chuong trinh tinh ngin mach (d6i ximg vA khéng d6i xing). Ngoi ra sa db
phitc hop cdn duge tng dung d€ tao ra cic mo hinh (vat 1§) phan tich dong dién
ngin mach khéng déi ximg.

] : , N —1 N —> |
| @J 1z ‘r | — (S E )(‘2 -—
I Nat "
= T
' ) &3 Nu1 ' X,y Nel —* ) A
i ¥ :
U Iv. Uyl
= N | ! — IN 4]
T Xor ' ® l . X5 N- ’
1 ' :
Ui Lo Uin
i N O ——L N 0D
| T
‘ S E TXI}: NF == IN“
1/ P —
—————1
! N Hinh 6.23
; Xx Moy Sa dé phitc hop céc dang
U i ngin mach khéng d8i xing
Nx?
—'.L— N 2)

C6 mot s6 didm dang chii ¥ nhur sau:

- Trung di€m cia so 46 thi wr khéng khéng phai bao gids ciing tring vdi trung
diém cla cdc thi€l bj he théng. Khi xét dén téng trd n6i dat va cia day trung
tinh c4n phai hifu trung diém cla so dé thit tr khong 12 di€m c6 dién 4p bing 0
tai vi trf ngin mach (trung tfnh ciia vecto dién 4p ba pha tai diém ngén mach).
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- Cdc dién ap thi ty thanh phin (ca médun, géc pha) phai 12 tri 88 dién ap so véi
trung diém cia timg so dé thy tvr tuong tng. Tuy nhién két qua gidi mach theo
so d6 phitc hop lai 1a dién dp so véi trung di€m chung cua toan so d6. Do d6 sau
khi c6 két qua cén hiéu chinh lai. Vi du. v6i ngdn mach mot pha dién dp thir oy

nghich clia mai nit déu cdn duge hiéu chinh nhur sau :

Ty _ ey
UaZ _UoZ

Dién dp thit ry khong:

Ty _
UuO _UaO (

‘U(l)

Na) *

U, + U

Na?2

Nat

Dién 4p thi ty thuan khong cén hiéu chinh vi trung diém cia né chap chung véi

trung diém toin so dé.

Zon

F B D D B,
~ ] \ | ! b ’ L
! l(l /N (LN} l 4@
XF XBI Z‘_)2 XRZ
N Z:‘: A - AL
CE/E: Us,,
XZF XHI ZI.)I ZD2 XFIQ
l_/Y\ N 3} —} A A
L]Nll
IJNat)
Hinh 6.24
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Hinh 6.25
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Nh(ng diém can ghi nhé trong chuong sau

Phuong phdp c4c thanh phin d6i xing }a co sd cila phuong phép tinh toin ngin
mach khong 4ddi xing. Theo phuong phdp nay hé théng cic dai lugng 3 pha
(sdd, dien dp, dong dién) dugc phan tich thanh 3 thanh phéin thu tu: thuan,
nghich va khong. Mbi thanh ph4n gay ra phan ing kh4c nhau d6i véi mach dién
do d6 cac so 46 tinh todn néi chung khdc nhau, cdn duge thiét 1ap riéng. So d6
thit tu khong thudng khic nhiéu so véi so d8 thir ty thuan, nghich va phu thude
nhiéu vao ch€ d6 trung tinh ciing nhu so d6 dfu day cdc mdy bién 4p.

Tén tai quy tic ding tri thi tr thuan cho phép dua c4ch tinh toin ngin mach
khong d6i ximg vé cdch tinh todn ngin mach 3 pha d6i xtmg. Nhd quy tic ndy
cé thé tinh ngay duoc tri s6 dong dién ngin mach tai diém ngin mach (trong
cdc pha c6 dong ngidn mach khic 0) thong qua tri s6 cua thanh phén thd tu
thuan (tinh nhu ngén mach 3 pha).

Dong dién ngin mach phin b trén cic nhdnh (tri s6 tong hgp c6 xét dén ca
géc pha) c6 thé xdc dinh duoc theo phuong phip bién d8i md rong so dé hoic
sa dé phitc hop tng véi dang ngin mach tinh ton.

Su thay déi géc pha do inh hudng cia cic mdy bi€n 4p d6i véi cac dong, dp
thanh phan thit ty (thuin, nghich, khong) khéng gidng nhau. Khi téng hop dong
dién phin b4 trén cic nhinh theo phuong phip md rong so d6 cin phai hiéu
chinh cac g6c pha cho phit hop.
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Chuong 7
SU CO PHUC TAP

7.1 KHAI NTEM CHUNG

Su c6 phitc tap trong chuong niy dugc hiéu 12 tinh hu6ng cta hé théng dién bi
déng thdi vira ngin mach vira dit day. Vi trf ngin mach va dift day c6 thé tén tai &
nhing vi tri khéc nhau trong mang dién.

Trong thuc t& xdc xudt xay ra su c§ phiic tap thudng rat thdp, tuy nhién ching cé
thé tao ra cic diu kién bt lgi, nguy hiém r4t ddng quan tam. Ching han, ngin
mach c6 kém dut day 1am cho bao vé ro le tic dong khéng nhay, kém chon loc.
Hién tugng dit ddy mot pha khong tao ra dong dién 16n nhung lai cé thé 1Am xu4t
hién thanh phin ddng dién thit tw nghich ddng ké chay trong m4y phét va c4c thiét
bi ding dién. Tinh trang nay néu khéng cé tinh todn trudc, he théng 6 thé vin van
hanh kéo dai gay hau qua nghiém trong. Nguoc lai, néu hé s6 khong d6i xitng ndm
trong pham vi cho phép thi tinh trang dit day mét pha lai ¢6 thé dé tén tai trong
thdi gian tic dong cia cdc phugng tién tu dong hodc xir 1y su ¢ (kéo dai dén 30
phit). Khi d6 h¢ théng van hanh vin binh thudmng, gidm nhe dugc nhimg thiét hai
khong déng c6 (so véi cit ngay ca 3 pha, dva phan 1 bj su ¢& ra khoi hé théng). He
théng cé trung di€ém khong ndi dit, bi cham d4t 2 diém trén 2 pha khéc nhau &
nhitng vi tri khac nhau, gin giSng nhu ngén mach 2 pha N® nhumg tinh todn phic
tap hon (theo phuong phap cia sy ¢6 phic tap). Trong chuong nay chi xét tém tit
nhiing nguyeén tic co ban nh4t tinh todn, phan tich sir c6 phic tap.

7.2 TINH TOAN CHE DO HE THONG LUC MOT HAY HAI PHA Bl DUT
(khéng déi xing doc)
C6 thé coi trang thai dit day pha nhu 1A dat n6i ti€p vao mach tai vi tri bi dit
mot hiéu dién dp AU sao cho ddng trong pha bi dit bing 0 Pha khong bi dint tuong

vng v6i AU =0. Nhu vay mach dién tré thanh khong d6i xing do s khong d6i
xing clia dong va 4p tai noi su 6. Ta cé thé gidi bdi todn theo phuong phip cic
thanh ph4n d6i xing.

1. He phrong trinh cq ban

Gia thiét c6 thé ding tri mach thanh so d6 t6i gian, nhin tir vi tri dir day vé céc
phia cta so d6. Néi khac di, tinh tdng trd d4u vao cla toan bo so dé nhin tr 2 cuc
ctia vi tri su c6. V6i 3 thanh phén thif tu ta c6 cic so d6 ding tri nhu trén hinh 7-1.

R4 rang chi c6 so dé thit ty thuan c6 nguén, cdn so d6 thit tu nghich, thit tr khong
khong c6 ngudn.
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o o "
J — ® - ® ®
INal W . o
EBu AU, AU, AU
Hinh 7.1

Tuong tu ché€ d6 ngin mach ta thi€t 1ap duge hé phuong trinh co ban (gém 3
phurong trinh cho céc dai luong thanh phén pha A).

AU, =EA2 _jiAle}:
AU, = 0 - ji X, (7-1)
AUAO = 0 - jIAOXO}:

2. Diéu kién vé trang thai su c6

Hé 3 phuong trinh (7-1) c6 6 4n sé nén d€ giai dugc cdn b8 sung thém 3 phuong
trinh. D& chinh 14 cde phuong trinh thé hién trang thdi clia mach bj su c6.

- Dbiit day mot pha (pha A l1a pha dac biét ; bi dint day):
AU, =0;
AU, =0; (7-2)
i, =0.
- D1t day hai pha (pha A 1a pha dic biét : khong bi dift day):
I, =0;

I.=0; (7-3)

O T >
O w >

13 1y
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So sdnh vdi hé phuong trinh trang thdi ngan mach hai pha vA mot pha 1a thay c6
sy tuong tng hoan toan (xem muc 6.4). Nhu vay ta c6 thé 4p dung céch tinh gidng
hét nhyr d&i véi ngan mach hai pha va mét pha, ké ca dp dung so d6 phuac hop.

Diém ddng chi y khi so sdnh cic biéu thirc tinh toin ngin mach véi din day la
céc tri s6 dien khdng téng hop. Vai cung so d8. noi chung cac tri s6 X g, Xar. Xix
khong gidng nhau khi xét ngan mach va din ddy tai citng vi tei. D6 |a vi khi diit day
dien khing 18ng hap c4n dugc tinh nhu téng trd dAu vio nhin tir clra vdi 2 cuc la cic
diém bi dift (tach vé 2 phia). Véi trang thdi ngidn mach. dién khéng téng hop cing
12 16ng trd ddu vao cla todn mach nhung cira vao 1a diém ngdn mach va trung diém
so d6. Ciing vay. sic dien dong téng hop néi chung ciing khong giéng nhau trong 2
truong hop. Hon nira. xac dinh sitc dién ddng téng hop cho tinh todn din dy d6i khi
kha phirc tap. (Néu dp dung phuang phip so d6 phirc hop thi khéng nh4t thiét phai
tinh).

3. So do phirc hop trang thai dit day
a. M¢ér pha bi din

Duya vio hé phuong trinh co ban va céc diéu kién vé trang thai su c6 ta cé cdc két
qua sau cho dio day mét pha (tuong v ngin mach 2 pha cham dat):

E

jul = ; X I-I
j’ X,,: + 2% [} 5 Lo —
X, + X, ®x: | lau,
)
] . =- _i(or _[1
o X+ X Le
X Xp _ |}au
loy=-1,—"2— L
Xzz + ’Yox 3 I,
) AU,
JAETARN-R (e e
(X, +X, )
I, =0 Hinh 7.3

AUuI = EnI _jij]): = AUUZ = AUuO

Cic quan hé trén cho phép dua ra sg 46 phirc hgp nhu trén hinh 7.3, DE thdy, tri s&
dong dién 1ai céc pha khéng bi dit bing nhau va ti 1& véi thanh phan thif tu thusn

qua hé so ti lé:
m= \/—\/' X::Xov
(X +Xy)
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Con dién khang phu: X"y = X,r // X,e . gitng nhu ngdn mach 2 pha cham dat.

Nhu vay c6 thé tinh duroc ngay tri s6 dong dién tai cac pha khong bi dut sau khi biét
thanh phan thi ty thuan. Tuy nhién. khi tinh todn din day. ngudi ta thudmg quan tam
nhiéu hon d&n dang dién thanh phin. Vi du. tinh todn ki€m tra thanh phin thy ty
nghich xuat hién trong cdc may phdt va dong co. khéng duge vuot qua mét ti 1€ cho
phép.

b. Hai pha bi din

Biéu thic tinh todn cho ddng va dp thanh phén tai vi trj diit day cé thé nhan duge
nhu sau:

— EuL 3 L'
" j((‘)(r.' + X:; + Xo‘_) @ X< i IAUA.
. . , . . L
luO = 1112 = IUI; '[u = 31:”.‘ I
a2
L: —
i . ) _ X | au,
AU, =E,.—JI X .=l (X + Xos ), L
AU.lz = *.fj‘,n")(z:: { L,
AU, =-ji1,.X,.. Xoz B lav,
AU, +AU,, +AU, = 0. L*
Hinh 7.4

Cidc quan heé trén tuong img véi so A6 phic hop trén hinh 7.4. Biéu thic dién khang
phu trong trudng hop niy gidng nhu ngin mach | pha:

Xy = X+ Xz .hésom=3.

Vi du 7.1. Cho so d6 HTD hinh 7.5.a . hdy x4dc xdc dinh dong dién cic pha cua
dudng day khi cé mot pha bi din. Dién khdng cic phan tir cho trong hé don vy tuong
d3i, ghi trén s d6 phiic hop hinh hinh 7.5.b.

Giai: Yinh cdc dién khdng t6ng hop (nhu téng trd dau vao nhin tir vi tri dit day):
Xe=015+020+ 120+ 025 +020=2.0.
X, =0.15+0.20+0.35+0.25+0.20=1.15.
X =0.57+ 020 +0.20=0.97.
Dién khing phu:
X" = Xor /1 X = 1,15//097 = 0,526.
Tri s6 dong dién thit tur thuan:
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o Ee A8
"X, + X)) (2.0+0,526)

Chi y & day chon goc pha dong thd tu thuan bing O. trong mach thuin khdng sdd
cé goc pha vuot trudc 90°.

=0,565

F B, , B,
i --I:C QL D ! | ST“
@—&—@%l u(l*&@ |
a)
0.25 0.20 L L 0.15 0.20 1,20
aa e A M\
%5::1‘43 L
0.25 0.20 0.15 0.20 0.35
e I\ N
FM -
0.20 0.57 0.20
™M a'a ™M\
L
b)
Hinh 7.5
I,= ~0,565—997— =-0,258;
097 +1.15
l,= —0.565i— =-0,307.
097+1.15
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Tri s6 dong dién trén cic pha khong bi ddt cita duong f day tinh dugc theo hé s6 ti
1& m:

,=1 =ml J”J' L15.0,97 0565 = 0,85:

(1,15+0, 97)2
C6 thé tinh dugc dong dién pha trong ché& d6 tam viéc binh thuong:
1,43
=0.715

T 0.25+020+0.15+0.20+1,2

Nhu vay khi dur | pha dong dién trong cac pha con lai tang lén (19%).

Vidu 7.2. Vin so d6 hé théng nhu trén hinh 7.5.a xdc dinh dong dién trong pha B
va pha C khi pha A bi dat.

So dé phic hop sé nhu trén hinh 7.6.

0.20 1.20
N\
0.20 035
0.20 0.57 0.20
—MN 2%
L,

Hinh 7.6

Trong vi du 7.1 d2 xdc dinh duoc cic dién khdng 6ng hop:
X:=20: Xsc=1.15: X,z =0.97.

Tinh dién khang phu: Xs = Xye + Xex = 1,15 + 0,97 = 2,12.

Dong dién thanh phén :
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Io=1,=1,=—>%3 _g3s
2,0+2.12

Dong t8ng hop trén pha A (pha khéng bi dirt): 1, = 3. 0.35 = 1.05. tang lén déng ké
so vai {tc lam viéc binh thuong (tang 47%).

4. Dung nguyén ly xép chong dé tinh toan dut day

Vdi su co din day nguoi ta hay ap dung nguyén ly xép chong dé tinh todn. Trang
thdi din day c6 thé duoc cot 13 két qua xép chong cla 2 trang thai:

- Trang théi hoat dong binh thudng cia nguon (sdd cdc mdy phat) véi cic nguén dp
xuat hién phu thém tai ché dut day bang 0. Thuc chat 1a CDXL trudc su cé.

- Trang th4i moi nguén mdy phit bang 0 nhumg t6n tai hiéu dién dp tai diém su c6.
Trang thai nay con got 12 trang thdi riéng su ¢6. Dé thay ring c6 thé thay tuong
duong nguén ap phu thém dat vao vi tri dit day bing nguén déng. cung tri s6 véi
dong pha trudc khi su ¢ nhimg nguoc chiéu (dé ché d6 tdng hop cé dong trong pha
dat day bang 0).

Ché do trude khi bi din day da biét hodc tinh duge (CDXL trude su c8). con giai
mach theo ché do riéng su ¢6 kha don gian bdi cdc mach clia so 6 thd 1 déu
khong nguon. dé dang dang tri thanh mot 16ng trd dang tri. N6i rieng ciing &p dung
duoc sa do phuc hop dé tinh todn dong ap phan bs cho ché d6 riéng su c6.

Vi du 7.3 Cho sd d6 hé théng dién nhu trén hinh 7-7.a. Hay xdc dinh va vE dd thy
vecto dong dién cia hai pha khong bi dit (din mot pha trén mét 16 duong day). Biét
dong dién cac pha trén méi1 16 dudng day trude khi xay ra sy cé la 305 A.

Cic 6 11éu cho trudc:

Mdy phit dién: 250 MVA: 138 kV: X', =0.29: X. =0.36 .

Maiy bi¢n ap B, (hai cuon day): 240 MV A k=248/13.8 : U\% =09.

Mady bién 4p B, (1u ngau): 200 MV A: k=209/121/11.

Uner=9%: Ugen = 35% 1 Uy 1y = 20%

Puong day: 1= 175 km : x, =041 dm/km : x,, = 0.35x1 (tinh cho m6t 16). H6 cam
thi iy khong gitta 2 16 : x |4, = 0.82 6m/km.

Hé théng: cong sudt vé ciing l6n. dién ap thanh cdi khong déi 110 kV.

Gidi: Vi da cho ché dd trude sy c6 nén thuan loi nhat ta ap dung phuon= pndp
xép chong. Sa dd phidc hop cua ché€ do riéng su ¢S nhu trén hinh 7-7.b. So dd nay
nhan duoc trén co <o thiét {ap so d6 phuc hgp ché do din diy mot pha. cho cdc
nguon sdd bang 0 va dat ngudn dong vao chd dut day.

Theo céc s6 lién dd cho dp dung cdc cong thitc quen biét ta tinh duoc thong s6
ciia cac phan 0. ght truc 1iép trén so d6. Chi y ring hai 1o cua dudng day chay canh
nhau hé cam thi 1 khong kha 16n. Trong truong hop niy ¢é ké dén, 1a cé thé tinh
cho toan b6 chieu dai 216 : X, = 0.82 . 175 = 143.5 6m. Cac $6& lidu tinh trong
hé don vi cd tén quy vé cap 220 kV.

190



Dien khdng 1dng hop cta so 4 cac thi ty
Xe=117.86m; X.c =119.86m: X,z =177.3 om:
Mach chinh (c6 ngudn dong chay qua) ¢é dién khang 18ng hop:
X =117.8//1198//177.3 =445 6m.

Theo quy téc phan b8 dong dién cho cic nhinh song song ta dé& dang tim dugc dong
dién trén moi nhinh cla so dd phic hop. Néi rieng nén chi c4n tinh dong dién tai
ché dirt day ta c6:

lens 3053 __jis5a
17,8
Iy _305x - L i34
42 19,3 -
1.0 = ~305x ]474’5 =-77A

Dua vao 46 thi vecto hoac phic s6 ta tinh duge dong dién téng hop. twong tu nhu
khi tinh ngin mach hai pha. Trén hinh 7-8 [& dé thi vecto dong dién trén cdc pha tai
chd sues(lo ).

F B, D 305 A 1 B, HT
O—— — e an®
— — Yo
AYo — 1
305 A A
a)

744 359 | —L8 19.6
L .305A 7 —
a8

| 88,5 359 |—
' 3519|

b)

Hinh 7.7
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Al ]\ A2 Iu Al

R Db *1,=305 A
/1,20 1,=30

Hinh 7.8

7.3 TINH TOAN CHE PO SU CO PHUC TAP

Mot sy c6 khong d6i ximg bat ky (hi€u 12 mét vi tri bi ngdn mach hay dit day)
theo phuong phép cac thanh phan dai xing cdn biéu thi bang 6 dn s6 : 3 thanh phin
dién 4p va 3 thanh phan dong dién tai ché sir cd. Mdi vi tri sur ¢ ta luon [udn viét
dugc 3 phuong trinh trang thii (con goi la cic diéu kién bg). Cac phuong trinh con
fai cAn duge thiet 1ap theo quan hé dong ap trén 3 so d6 thir te. Trong trudng hop sy
c6 don. d6 chinh 1a 3 phuong trinh co ban. Dsi vdi su ¢6 phic tap (2 vj tri trés 1én)
h¢ phuong trinh ¢6 nhidu bién s6 (ngay ca khi da rdt pon) cidn thiét lap theo cac
dinh luat kirchhof va dinh luat Ohm, Tuy nhién cGng nhv trudng hop don gian (mot
diém su c6) néu chi dita vao cdc hé phuong trinh mach thi chua du s6 phuong trinh
dé giai. D6 1a vi méi niit (nhanh) su co chita 2 bién déu chua biét (dong va 4p). s€
thi€u mot phuong trinh. Ba so d6 s& thiéu 3 phuong trinh. Néu 6 n diém sy c6 sé
thi€u 3n phuong trinh. May thay. ciing ¢é ding 3n phuong trinh di€u kién bo ting
vai n diém su c6. Puong nhién con cin dua vao todn tr quay dé chuyén ddi tr dai
fuong t6ng hop sang thanh phin va nguoc a1 dé c6 diing cdc bién thich hop mdéi
giai dugc (nhu di lam vdi cac dang ngan mach don).

Dé minh hoa cu thé ta xét trudng hop su c6 cham dit kép xay ra tai 2 vj tri trong
he théng dién cd trung tinh cdch dién véi dat. Tai M chap dat pha B con tai N chap
dat pha C. Gia thiél so d6 sau bién déi c6 dang nhu trén hinh 7-9 .

192



Hinh 7.9

Ta ¢6 cdc phuong trinh trang thai mach doi vai cdc so d6 tha ar:
- Thit tu thuan:
Unar = B — Tl Zi + Z1)) - L 2y,

Ui =B ~ToaZ o =T (Zy +Z1) (7-4)
- Thit o nghich:

Usins = =lume (Zay + Z12) = Lias Zo,y

Usar = =lyasZrs — iy (Zis + Z7) (7-5)
- Thu ty khéng:

Urro = Unino = TanoZamo (7-6)

Cic diéu kién bd img véi cham dat mot pha cho 2 vi tri (pha B tai M. pha C tai N):
iw =0 iw. =0; UMR =0 : (chap dat tai M)

les =0 1, =0: Uy =0 : (chapdattaiN)

Khi trung 1inh khong ndi dat ta con ¢6 diéu kién phu : iw = —iNC :

Lay pha dac biét lam géc (pha A: pha khdng ¢6 sv cd) chuyén cac diéu ki¢n bd vé
cac bién thanh phan, ta cé:

= 0 .
e . . (77

] ) . . ) o
Tue = Tuer +Tuer Hhuco =@l +a 1y +1an =03

lMA = |MAI + IMA) +1
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UMB = UMB1 + UMBZ +UMBO =a}UMAI +aUMA2 +UMA0 =0

iNA = iNA! +iNA2 +iNAO =03

i\m = iNR! +iNB2 +iNBO :a}i\-u +aiw\2 +iNAO =03 a-n
Uye = Uyer + Uyes +UN(‘0 =aU,, +a’Uy,, + Uy =0

iMB =azi|w\| +aiMA2 +iV|A0 :"aimu _azimz _iNAO_ ="iNC

Két hap (7-4). (7-5). (7-6) va (7-7) ta giai ra duge rnoi tri s6 dong. dp thanh phan,
sau d6 t8ng hop thanh cic dai lugng pha.

7.4 SO DO PHULC HOP CUA TINH TRANG SUCS PHUC TAP

So d4 phirc hop la mot cong cu hét sire hiéu qua dé nghién ciu ngén mach khéng
dot xing. So d6 1a k&t qua ghép néi cic so d6 thanh phin (thuan, nghich. khong)
qua diém ngin mach. Diéu kién ghép n6i chinh 1a quan hé dong 4p gida 3 thanh
phan. Néu trude va sau khi ghép n6i quan hé vin khéng thay d6i thi so d6 1 tuong
duong, c6 thé dp dung d¢ giai mach.

D6t vai su c6 phdc tap, tiéc rang cach thuc hién don gian nhu trén tai khong thoa
min (chi thod min cho mét diém sy co nao dé). Mudn ghép néi duge cin dua them
vao 50 46 cdc mdy bién 4p Iy tuong. Trén hinh 7-10 minh hoa 2 phuong dn ghép ndi
dé tao ra so d6 phuc hop cha trudng hop ngan mach mot pha (tai N) kém dit day
mot pha (tai L). Chon mét su c6 ghép néi truc tiép vé dién (giéng nhu sir c6 dan),
su 6 tiép theo ghép ndi qua may bién dp 1y tuong (ti s6 1:1). Cach ghép ndi nay
luén thod man bdi quan hé ghép néi chi anh hudng cuc by ddng vi tri sy 6.

Khi thuc hién tinh todn bing chuong trinh viéc c6 thém mdy bi€n dp 1y tudng
khong c6 gi khé khan (xem phu luc). Chi khi sir dung mé hinh vat ly may bién ap
dat thém c6 thé gay sai s6 nhiéu (vi khong phai Iy tuong).

[I.AJ | ll Al
! —] E.' ol —
<rN.a£ Xir o 't.l |—‘~®N.A— Xz . [L:.’
IN:! l ! l[Nx! :
I —1— e ! —_ lin
TN, X ._EL gé'_.m Xz L’
I ‘ L‘2 I:: L2
Na2 Na
1 | 1
! am B AL g_'. — _o|l1A0
LN, Ko ._B £ | 3 N, X, [“
IN L, I‘—- Lu
a0 l X
a) b)
Hinh 7.10
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2.

Nhimg diém cén ghl nhé trong chuong bay

Su c6 phic tap bao gém ca ngin mach vi dit day, diém su c6 cé thé (6n tai
déng thoi ¢ nhiéu vi tri khdc nhau trong mang dién.

D¢ tinh todn sy c8 dint dAy mot hoéic hai pha (& mét vi tri) c¢6 thé 4p dung
phuong phdp hoan toan tuong ty véi ngén mach hai pha hoac mét pha. Cén xdc
dinh dién khang t8ng hop cho cdc so d8 thit ty trong trudng hop nay nhu téng
rd ddu vao clia toAn mach nhin tix 2 cyc ctia vi trf diit day.

Dua vao cic diéu kién bd tai diém sy c8 va 50 d6 c4c thanh phin thit tr ¢6 thé
thanh 12p di s6 phvong trinh trang thdi mach d€ gidi bai todn sy c8 phic tap
theo phuong phdp c4c thanh phdn déi xing. Phirong phép so d6 phic hgp cling
dugc ing dung rat hitu qui 4 moé phdng su ¢ phic tap trong hé théng dién.
Tuy nhién wrong cdc so d6 ndy cén dua thém vao cic may bién 4p ly twdng ti s6
L:1. Giai mach s& phuc tap hon.
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Phu luc 1
CAC DUJONG CONG TINH TOAN NGAN MACH

L‘Kll
8.0 1,0 1.5 20 2.5 3,0
7.0 R . 1,1
6,0 X 5% N +0
A X '}\\;“ 0.9
3\ 0.1 S \‘kx N
5,0 AN 0,8
IO, PN
ANAV A A -
\/ 0.5 AN 0,7
40 A AN N R
1 \‘ \‘ IO P J
PZaWl AV . AN \UAN 0.6
N\ —1 ¢ 20 NN \\ y
AV G ¢ L NN
\ A\ RN
XX AY A
3.0 NSRS s T 0.5
AN AN A 40 / N~
N D'd \_\ 0 AR
N AN N AN =
T
A\ i o AR 0.4
R N\ X // / .‘A\\ T
A 0.1 i i 7
2,0 N\ L // T T
N N OAzn i 0.3
AVYNYN 1.0
NS
15 NNV Ny
- AN
SIS \:‘é\ X
[~ N \\\\ N
\R\\ [~
SN
1.0 S
0,9 g
0.8 X.

01 0.2 0,3 04 05 0.6 0.7 0.8 0.9 1,0

Hinh PL1.1 Budng cong tinh todn cla mdy phat dién tua-bin hoi
tidu chudn, ¢5 TDK
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6.0 1.0 LS 2.0 2,5 3.0
s a) 1.2
5.0 2 40 N 11
1
. 1.0
) N\
— [\ 0.9
\ Al \
4.0 Y ~ l o7
o, 02 NINN 038
\{\ A\ SN
35 A N
- .\\‘\\ e 0 \‘ o 07
DN W 5 0.2 R \\
AN . o.1 0.6
30 A ; s
) NN X ], - N N
AN <~ 20 N
N 0,5
\r \\ \\ -
‘\ \‘ \\ . :\ P
2.5 \\\} \\\ CD/ Q ‘S
AN N NN 04
D\ \‘( 0 \\ '
W 02 I NEN
2.0 NN = 03 N
' N 1 0/
NN N ' 0.3
\ 3
NN .0
N ) 4.0
AN . e w
Ls NNAY s
- ~N
NN N
~N ~N \\
V@i miy c6 cudn can cdn cong \\ \\\
thém vao X, tri s6 0,07.‘ S N ™~
Khi dé. véi t <0,1 sec cén tra theo N “5\
dudng chdm cham. \\\‘
WL T T T T T T N
0,2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 l.

Hinh PL1.2 Dudng cong tinh todn clia may phat dién
tua-bin nude tiéu chudn, cb THK

197



Phu tuc 2

HE PHUONG TRINH QUA TRINH QUA O DPIEN TU MAY DIEN DONG
BOTRONG HE TOA PO QUAY VUONG GOC
1. Phuong trinh vi phan qua trinh quai do dién tir trong cac cuon day
cua may dién dong bo
Gia thiét may phdt n6i v6i hé th6ng, dién ap diu cuc 3 pha dia biét u,, uy, Uc . Xét
triromg hop chung, roto chuyén déng quay vdi van t6c géc o(t) thay déi. Gée léch gitra
truc doc cla roto so vdi truc pha A trén phén tinh la y.

T T
— O L
wa) —i® £ 20) —i®
u(t) » u(1)=0
O
a) b)
Hinh PL2.Y

a) Hé phuong trinh trong hé toa do pha.

Phuong trinh vi phan QTQD dién tir trong mdi cuén day pha (tuong \ng vdi so db
hinh PL3-1,a) cé dang sau:
u, =-d¥,/dt - ri,
u, = -d¥g/dt -riy
: uc = -d¥dt -ri
rrong dé6 ¥, \Wa,Wc - tirthéng méc vong toan phin vaéi cic cudn ddy pha
cla stato ;
ia. ip ic - dOng dién trong cdc cudn day pha cia stato ;
r - dién trd cubn day pha cua stato .
Trén roto trong trudng haop chung cé thé bao gém cudn day kich tir (n6i vdi nguén mot
chiéu), cudn can doc truc va cudn can ngang truc (khép kin nhu so dé hinh PL2-2,b).
Cic phuong trinh QTQD tuong tmg véi mbi cudn day:
u, = d¥,/dt + r i, (cudn diy roto)
0 =d¥,/dl + ryi, (cudn candoc truc)
0 =d¥ydt + r,i, (cudncéanngang truc)

198



trong d6, u,- dién ap kich tir;
Wy, Wy, Wy 0. iy, g - c4c tirthéng mée vong va dong dién trong
cdc cuon day kich tiy, cudn can doc truc va cudn can ngang truc ;
.1, T, - dién trd cac cudn day trén roto .

Quan hé gitra ¥ va i :

Wi = Laia + Muiy + Mycic + My, + Mty + Myl s
Wy = Mgais + Lpig + Mpele + Mpid + Mppiy + Mgl &
Y, = Mcaiy + Meats + Leic + Meid; + Meplp + Mgl
W, = Mip + Mptp + Micie + L + Mty &
Wi = Mpain + Mygln + Mypcic + My + Lyiy
WY, = Mgaia + Mpgin + Myclc + Loig -
Céc cuon day vuong géc véi nhao ¢b hd cam bing 0. Cic phuong trinh trén tao thanh
moét he dit xdc dinh QTQD trong cdc cudn day cha may phat. Tuy nhién, giai hé 1a mét
viéc hét sitc phirc tap bai trong trudng hop chung, cic hé s6 tr cam va hd cam déu la
nhimg ham phi tyén (ké dén bao hoa 1ir) va phu thudc géc quay. bién thién theo thoi
gian. Vi du hé cam gilta cdc cudn day pha va cudn kich tir:
M, = M;cosy ;
Mp = M, cos (y - 120" ;
M¢ = M;cos (y+ 120%) .

O day M, 13 tri $6 hd cam cuce dai gifta cudn day kich tir va cudn day pha, tirong Ung véi
ltic chiing cUng truc véi nhau. D6i v6i may phat dién cuc 4n khe hd khong khi giita roto
VA stato c6 thé cot (2 déu. Khi roto chuyén déng, mach tlr khong thay déi nén cé thé coi
heé $6 ty cam 1a hang s6. D6i véi may phat dién cuc 161, hé s8 tu cam cédc cudn day ciing
thay d6i theo thai gian. Vi du déi véi cudn day pha A :

L, =L+ L'cos?2y.
hé cam gitfa 2 cu6n day trén cling phdn tinh

Ma = M + M’ cos 2(y +120%) .
trong d6, L. M, L', M" la nhimg hang s6 néu bo qua bio hoa tir.
Phép bién ddi sang hé toa d6 quay vudng géc nhim dua cic phuong trinh trén vé dang
céc phuong trinh vi phan cé hé s6 hang. Phép bién déi dugc thue hién 14n dau tién boi
ciac nha bac hoc Park (M$) va Gorev (Nga), nén hé phuong trinh nhan duge con duoc
goi hé phuang trinh Gorev - Park.

b) Hé phuong trinh trong hé toa do quay.

Thuc chit clia viéc chuyén hé phuong trinh QTQD sang hé toa do quay 13 phép bién
déi toin hgc chat ché, nhim dua hé phuong trinh vi phin vé dang tuyén tinh he s6
hang. Dé cho gon, ta viét lai hé phuong trinh di viét trong hé toa d6 pha vé dang ma
tran
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]=-RIEI - S ()

1= R+ SEe] @ e
fe]= i)+ b, J6) o
CAR UM R YA (S

Trong cdch viet trén, cic dai lugng thudc stato duge phan biét bang chi s6 s con cic dai
lugng thudc roto bang r . Cu thé nhu saw :

u, i, ¥,
Ug = U, ¢ = |1, ;W = ¥
u, i Y.
u, ty ¥,
u, =0 s 0 =1, ; WY, =Y,
iQ kPQ
(R 0 0 L, M, M,
Rg=10 R O , Mi=|\M, L, M,
_0 0 R M, M, L,
R_, 0 O L, Mﬂ)
R =(0 R, O ; M, = MjD L,
10 0 R, 0 0 L,
MAf MAD MAO
Ms'r = Mm‘ MBD MHQ = MrS
M(‘f MCD M(‘()

Tuy theo c4u tao cuc tir cdc ma tran dién cam cé biéu thitc cu thé khic nhau. Vi mdy
phat cuc 4n :
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L -M -M

Mg = |-M L -M
-M -M L
M, cosy M, cosy M, siny

M, = |M,cos(y-120°) My cos(y —120°) M, sin(y —120°)
M, cos(y —120°) M, cos(y —120°) M, sin(y —120%)

Dé chuyén hé phuong trinh vé dang mdi don gidn hon Park va Gorev di sir dung
Mot ma tran bién d6i. Ma tran nhu sau :

cos y cos(y-120")  cos(y+120%)
[A] = 2/3 siny sin(y-120") sin(y+120")
1/2 1/2 12

ma tran nghich dao ca né :

cos y siny 1
(A1 = cos(y-120") sin(y-120") 1
cos(y+120" sin(y+120") l

Cac bién madi duge ky hiéu va dinh nghia nhu sau :

Uy

W =] u | = Al
by
l

] = i, | = [AJ[]
Ly

- qjd
.1 =) ¥, | = [All¥]
LP(l
O dang khai trién, vi du d6i v6i dong stato, cd thé viet :
iy, = 2/3 [ty cosy + igcos (y-120°) + iccos (y+120%) ]

2/3 iy siny + iysin{y-120" + icsin (y+1207 ] (PL. 2-2)
[/3 (1 +ig+ip)

I
Iy
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Pé nhan dugc cic bi€n ban dau c4n thuc hién phép bién déi ngugc, nhd ma tran [A]! :

Iy = 1yco8y + i siny +1,
iy cos (y-120") + i, sin (y-120") +1,
i, cos (y+120") + i sin (y+120°) +1i,

s

ic

(PL 2-3)

Bay gity dem nhan trdi ca 2 vé& cac phuong trinh ma tran (A) va (C) vdi ma tran [A] r6i

thtre hién bién déi ta ¢6 he phuong trinh viét theo cdc bii€n madi :
-,

(v = - [RJ[] - dide [} +[ ¥, | dy/dt (A%)

0
('l = [RJ[] + d/dt[¥"]

Il

(] = MO T + MR

¥ 1= M0 + IMIIi]

]

Trong dé :

[A] IR,] [A]"
[A] [M](A]"
M",] = [A][M,]
[M'.] = [M,]{A]"

Biéu thic cy thé c6 dang sau :

[R]
(M',]

L I T |

[R] =

o
om o
oo

L+M+Y,L! 0
M'] = 0 L+M-,L
0 0

‘M, M, 0
M1=|0 0 M,
0 0 0

M, 0 0
M'=32] M, 0 0
0 M, 0
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Nhu vay moi hé s6 clia ma tran téng trd sau bi&n déi déu 1a hang s8. Vdi mdy phat dién
cuc dnconcé L' = 0. Co thé viét lai dudi dang khai trién cdc phuong trinh tir (A") dén
(D’) nhir sau ( chd y ring dy/dt = o) :

u, = -Ri, - d¥,/dt- 0¥,

u, = -Ri, - d¥, /At + 0 ¥,

u, = -Ri, - d¥,/dt

uo = Ry, + d¥,/dt (PL2-4)
0 = Ryip+d¥,/dt

0 = R,i, +d¥,/dr

¥, = (L+M+'4L) iy + Miy + My,

W, = (L+M-LLY 1, + My

¥, = (L-2M) i,

l*‘[ = Lf i[ + 3/2 M[ id + MfD iD

Yy = Lyip+ ' Mpiy + Mp i

o = Loig+'h Mol
Hé phuong trinh trén dugc goi la hé phuong trinh Gorev - Park .
C6 mot vai diém dang chd y trong cdch bi€n d8i d€ nhan duoc hé phuong trinh. Céc
phuong trinh (C') vA (D') c6 thé nhan duge bing thuc hién phép tinh ma tran:

[AI[Y) = [A)IM]{AT' (Al [Q] + [ATJ M) (G
[¥'] = [M.J[A]" [ATIL] + M4 .

Phuong trinh (B) tuy khong nhan v6i ma trAn (A) nhimg d€ nhan duge (B') cén sit dung

biéu thitc [¥’,] tinh theo cic bién méi. Phuong trinh (A') nhan dirge bing céc phép
bién déi sau :

[A][v) = - [A] (R {AT' [A] (i) - [A) d/dt[\¥,] ; ™
S6 hang cubi cung bién déi dugc dua trén biéu thic dao ham tich (ding véi ca ma tran):
d/dt (JA] [\P.)) = d/dt{A). [¥.] + [A].d/dt[V,] .

I

suy ra - [A].d/dt[*Y,] = - d/dt ([A}[Y,]) + d/dt[A]. [¥.}
=-d/dt[\V',] + d/dt[A]. [\P,] .
Mait khéc tir biéu thire clia ma tran [A] ta tinh durge:

-siny - 8in(y-120°) - sin(y+120%)
d/dt[A] = 2/3. dy/dt | cosy cos(y-120°)  cos(y+120")
0 0 0
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nhan véi ma tran [} va thay dy/dt = @ ta nhan dugc :

- \{Jq
d/diAl. [Y] = o Yd| . (PL 2-5)
0

thay vao phuong trinh (*) va viét theo bién mai s€ nhan duogc (A’).
C6 thé thay ring, nhd biéu dién qua cac bién mdi cé thé m6 1 ddy di QTQD trong
mdy phdt déng bo bing h¢ phuong trinh vi phan tuyén tinh hé sa hing. Cac hé s6 xuat
hién trong phuong trinh déu hoan toan xic dinh theo k&t c4u cha may dién. DE thuan
tién sir dung, ddng thai dé xdc dinh bang do dac thuc nghiém ngudi ta dua vao cac khii
niém dién cam va dién khdng theo truc doc va truc ngang cha mdy phit. Vi du, tir cic
phtrong trinh trén ta cé :

Ly = L+M+'5L 0 L, = L+M-LL S L Ly Ly s

My = M My, = M, My, =“/1M0 v My -
Tuong (mg 13 cac dién khing X, X, X Xpp. X X Xypo Xyoo X - Trong heé don vi
tuong déi cd thé viet X=Lvi o = 1.

H¢ phuong trinh vi phan PL2-2 13 co s& dé phan tich QTQD dién tir trong cdc may
dien guay. O giai doan ddu cia QTQD sau ngin mach, tin s6 géc © =w, , cic dién
khing c6 tri s6 hing. Vi hé thdng dién don gian thudng cé thé dya vao phuong phip
bi€n dbi toan tlr dé tim 161 giai giai tich. D&i véi hé thong dién phifc tap c6 thé giai he
bing cac phuong phép tich phan s¢ (EMTP).

2. Phuong trinh chuyén dong quay roto cia cic may phat

Dé xét dén su bién thién (6c do quay w(t) = dy(t)/dt (khi QTQD kéo dai) cdn phai
mo ta chuyén déng cd hoc cla roto mdy phdt. Quy luat chuyén dong (su thay d8i géc
y(1) theo thai gian) phu thudc vao tuong quan cdc mé-men chuyén dong.

Trong trudng hop chung chuyén déng quay roto cia méi mdy phat dién déng bo c6 thé
Vi€t nhu sau :
J dly/d‘-z = M‘r = ME N

Trong do
M;, M; - cdc'mémen quay cha tua bin va mdy phdt ;
J - moémen quén tinh roto clia t5 may (tuabin va may phdt) ;
y - gdc quay ctia roto may phat .

M6 men quén tinh J phu thudc ciu tao va khéi lugng phdn quay. Khi roto 12 mét
hinh tru trdn déng nhat, dudng kinh D (ban kinh R), trong luong tdng 1a G, c6 thé tinh
duoc :

J = GD¥4 hay GR*  kg.m?

204



Vi vat thé phifc tap cin xdc dinh J bang thuc nghiém va cho bdi nha ché tac. Nhiéu sé
tay k§ thuat ghi tri s6 GD?, khi d6 cdn phai hiéu 13 4 14n tri s6 J.

Q

Y

Hinh PL2.2

Goc quay y 1a gbc giira truc gin lién véi roto va mot truc dimg yén (gan véi stato).
Trong QTQD tinh tir mét thai diém t = 0, y(t) {2 mét hidm cla thdi gian va tang din vi
roto quay theo | chiéu. Théng thudng ngudi ta quan tam dén chuyén dong tuong déi
clia roto, so véi mot truc quay déng bo. Truc dong bd 12 truc quay vdi 16¢ d6 khong d6i
Q, bing t6c 46 quay roto & ché do dinh mike (ciing 12 t6c dé cla tir trudng quay stato &
CDXL). Néu coi d ¢ =0 truc tinh toan trén roto va truc déng bo trung nhau thi goc leéch
tuong déi dugc tinh la:
& = y(1) - Qut

Khi déy=8 + Q, t, thay vio phuong trinh chuyén dong, ta c6 thé viét :
Jd%¥/dt* = My-M; . (PL2-6)

Phuong trinh dang (PL 2-6) duoc goi 12 phuong trinh chuyén déng tuong déi roto clia
may phat. G6c 8 cling 12 ham cla thai gian, thay déi theo t6c dé quay. Goi t6c dé quay
cta mdy phét trong QTQD 12 Q(t) = dy(1)/dt , ta cé t6c do thay dbi géc 1éch tuong di
dd/dt = Q - Q,. Nhu vay khi mdy phat quay bing téc d6 dong bo géc lech 8 khong
thay déi.
Khjyfmg dung vao tinh toin thyc t& phuong trinh (PL 2-6) cdn duoc bién ddi vé nhiéu
dang khic nhau tuy theo si tién [gi sir dung. Trudc hét 12 c4ch biéu dién sit dung hang
s6 thai gian quan tinh (inertia constant) T, hodc H thay cho momen quén tinh J. Hay
bién d8i (PL2-3) bing cach nhan va chia v& trai véi 25502
JQy 28, d*6 Iy
25, QF dr? ’

- Ml-.' R
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Véi ky hiéu hang s6 quédn tinh H = J0,? /2S5, ta ¢6 phuong trinh dang :
2H d*s
—S.,— =M, - M,
(@] T E
Q] dr’
Vé ¢ nghia, tri s6 H chinh 'a d6ng nang tich lu§ trong phin quay roto (tuabin va may
phét) khi t6c d6 quay dat tri s6 dinh miic, tinh trong lugng cong suat co ban Sy . Don
vi tinh cla H 1a sec nhung thudng duge viét 16 1a MWs / MV A, Trong 1§ lich médy néu
H duoc cho thi né duge tinh véi cong suat co ban dugc tinh bang P, cha t6 may.
Hang s quén tinh Ty 12 JQ,?/Sep . dodé T, = 2H va phuong trinh
T, d’s Mo
ap g T M T M
0
T, , GD? dugc ddng trong céc tai lieu cda cdc nudc thudc Lien x6 cil va mdt s6 nudc
chav Au. Cic nude Tay Au thudmg diing H . Uc, Nhat Ban hay sir dung truc tiép T hoac
GR* . D€ dang c6 thé chuyén d6i qua lai giita c4c dai luong, chii y ring t6c 46 gdc c6
thé tinh tlr s6 vong quay trong | phit: O, = 2mn/60 1/sec :
n - téc d6 quay dinh mue ( vong/phuit) .
Ching han, c6 thé tinh T, theo tri s6 GD? :
_ 2,74GD’n’
: 10°S,,
Trong c6ng thitc : Sgp tinh bAing MVA, GD? tinh bing kg. m? .
T8¢ do bién thién cha géc léch twang déi dd/dt trong QTQD ¢4 tri s6 nho6 hon rat nhiéu
$0 VGi tdc d6 €, , do d6 c6 thé coi xap xi :
Q= Q, +dd/dt =~ Q, .

sec

cong sult P=OM=QM,
Két qua c6 thé 4p dung cdch tinh gdn ding theo cOng suAt :
T aé
EJ'S(IHT = PT - PE . (PLZ-?)
!
o

Ngudi ta con dua vao khdi niém gdc dé hinh hoc va gée dé dién. Géc tinh nhu phan
trén déu 12 cdc géc d6 hinh hoc. Sy phan biét ra géc d6 dién xuit phit tr c4u tao nhiéu
doi cuc cda mdy phat déng bo (mdy phat thuy dien). Khi s6 doi cue nhiéu hon 1 (m>1)
thi roto quay | vong, img véi 360°h (do hinh hoc) thi c4c dai lugng dién da bi&n thién
m,360"d (d6 dién). GSc do dien 13 chung cho todn hé th6ng nén dugc 14y lam chudn,
cadc mdy phit c6 s6 déi cue khéc nhau duge quy vé ciing tinh theo géc 46 dién. Khi d6
dé viét phuong trinh chuyén déng co hoc theo géc d6 dién lai cAn phai chuyén déi. DE
y rang t6c do quay tinh theo géc d6 dién 16n hon tinh theo géc do hinh hoc m, 14n.
Né&u ky hiéu t6c d6 géc quay cha mdy phét, tinh theo géc do dién 12 ©, cdn tinh theo
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d6 hinh hoc 12 Q thi Q = o/m, . & t6c 46 quay ddng bd O, = w,/m,. Khi d6 phuong
trinh chuyén dong (4.2) cin phai viét 1a (véi 8 tinh theo géc 46 dién):
T, . d*é
—S,— =P - P,
@, CB dt’ T E
Trong cdc phuong trinh trén, cic cOng suft P viin duoc tinh trong hé don vi ¢6 tén. Néu
tinh cong sudt trong hé don vi twong d4i, phuong trinh cé dang don gian hon :
T, d*5
-~ — =P, - P ;
w, di’ T £

D6i khi dé tién Igi trong cich vi€t ngudi ta cdn tinh T, bing don vi radian, nghia 12 :
T, (rad) = ®,T)(s) . Khi dé phuong trinh chuyén dong c6 dang gon nhat

T, d%/de = Pr - Pg

K€ dén lyc can masat hoic mé men can dién tir ti 18 véi t6c d6 quay, cAn phii thém vao
phurong trinh thanh phén ti 1& véi 8¢ d6 chuyén dong dd/dt :

T, d?5/d¢ + k,.d5/dt = Py - Py . (PL2-8)

Heé s8 cin k,, ¢6 d4u duong, tuong duong v6i thém momen Am (cin) niim bén v& phai.
Khi trong hé théng dién c6 nhiéu may phat dién, & ch€ dd qua 46 c4c roto chuyén déng
theo nhimg t6¢ d6 khac nhau. Dang chung cla phuong trinh chuyén dong tuong déi (so
v6i truc quay déng bo) khong cé gi thay déi. Trén hinh PL2-2,b thé hién cich biéu dién
méi g6c léch tuong déi §, so véi truc déng bo. Ngudi ta con Ky hiéu géc léch tuong d6i
gitta mdy phat i va mdy phat j 1a 8, = §; - 8. Khi d6 mé&i géc lech §, , theo nghia ndo dé
lai duoc goi 1a géc lech tuyét d6i. Ngoai ra, d& phuong trinh c6 dang chudn Co-si (bac
nhat véi cdc dao ham nim bén 14i) ngudi ta sir dung t6¢ do chuyén dong thuong déi s =
dd/dt = @-w,. Khi dé hé phuong trinh chuyén ddng twong d6i roto cdc mdy phét trong
hé théng phuc tap c6 dang:

dsé,

dt

ds T,

— = =(P, - P.); PL2-9

df (1’0( 7i I.l) ( )
i=1,2,..,n

Cong suit Pg clia cidc mdy phat xdc dinh bdi QTQD dién tir bén trong mdy phat va h¢
phuong trinh trang thdi clia mang dién. Nhu vay khi nghién ciruv QTQD kéo dai (phan
tich én dinh h¢ théng) cdn phan tich két hop c4c phuong trinh QTQD dién tix (PL2-2)
v@i (PL2-4) hoac (PL2-5).
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Phu luc 3

HE PHUONG TRINH TRANG THAI CUA MANG BIEN CO NHIEU
CAP DIEN AP

1. Nhdnh téng qudt va so dé tinh todn lu6i dién

Ludi dién hién dai thuong bao gém nhidu cap dién 4p, cau tric phic tap (hinh tia,
mach vong) duoc cung c4p tir nhiéu ngudn. Ti s6 bién 4p cia cidc mdy bién 4p c6 thé
nhan cdc gid tri wuy y (theo ddu phan dp van hanh). Khi d6, vé nguyén tic khong thé
quy d6i mach dién vé moét cap dién ap, bdi giita hai phdn mang dién cap dién dp khic
nhauv khong t6n tai mot hé s6 bién dp duy nhat. Dé thiét 1ap hé phuong trinh trang théi
cla lusi dién xét dén timg heé s6 bién 4p nguwi ta 4p dung khai niém nhanh t6ng quét
(Hinh PL3-1).

Hinh PL3.1

M&i nhanh bao gdm mot téng trd Z; n6i néi ti€p vi mot mdy bién dp ly wang (khong
t8n hao) c6 he s6 bien 4p phirc K. V& mé dun (tri s6 K), he s6 bién ap bang ti s6 gita

cdc vong day cta mdy bién dp thuc (phu thudc ddu phan dp lua chon lic van hanh), khi
noi trong mach sé& bang ti s6 mé dun dién ap 2 phia (vi may bién dp ly tudng):
K,=U/U, .,

cdn cde pha phu thuée vao t6 ddu day clia may bién 4p.

Khi d6 moi so do tinh todn déu cé thé coi nhu bao gém toan cic nhinh téng quat.
Nhdnh binh thudng sé& tuong tmg véi nhénh c6 ti s6 bi€n 4p bing 1. Ngoai ra, tai cdc
nit clia so dd cdn cd cdc ngudn (biéu dién bing dong dién bén trong J hoac dién dp ddu
cyc U). Trén hinh PL3-2 thé hién mot phdn mang dién cla so d6 tinh todn tong quat.
Dé nhan thay ring, trong trudng hop chung sa dé mang tinh chit ctia graph ¢6 hudng.
Vi tri trong d6i cia mdy bién 4p 1y tudng va tong trd Z phan biét ra hai hudng khac
nhay clia m&i nhidnh, Goi mit ddu clia nhanh 13 i mit cusi 12 j thi so d6 a) ¢ may bién
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ap ly tudng ndi truc ti€p véi nit ddu i, con so dé b) mdy bién ap 1y tudng ndi V6t i
théng qua 16ng trds Z.

Su khdc biét chi y&u ciia so dd trén so v6i so d6 mach thong thudng 1a sy ¢ mat céc
mdy bién ap ly twong trong moi nhdnh. He s6 bién dp 12 mét thong s6 ciia nhdnh nén ¢6
thé nhan gia tri bat ky. Nhu vay s6 cip dién 4p cla so d6 1a khong han ché, trong khi
d6i vai mbdi may bién dp ¢6 thé xét chinh xdc hé s& bién 4p ca vé mo dun va géc lech
pha.

Hinh PL3.2

2. Hé phuong trinh cdn bang dong niit

Gia thiét 50 dé gém toan cdc nhdnh tdng quat vai N+1 niit (ké ca mit dat). Nit dat 6 s8
th tir 1a 0. Xét ndt i gdm cac nhdnh néi véi i qua méy bién dp ly tudng. Ngudn dong
{tir mdy phdt) bom vao niit, ky hiéu 1a J, (hinh PL3-2).
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Cin chd y ring cdch gia thi€t nhu trén 12 téng quét cho cdc so d6 mang dién. Véi mit
ngudn, J; c6 thé tinh qua cong suit va dién ap nit:

S.
Ji = .—‘ ’
UJ
trong dé S R U & tri s6 lién hop clia cong suat va dién dp niit.
Véi niit tai: J =-=

U
J U Z, U, u v |8
R ! | -
: i _’I @:) j \ J\
i .
Kinh PL3.3

Phuong trinh can bing-ddng d6i vdi niit i theo dinh luat Kige-khap I 6 thé viét:

N . v
Z =1
y=0
Jei
chuyén sang tinh véi dong I'; qua hé s6 bién 4p K,
N - .y »
Z K,I , = J,

=0
J#!
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4p dung dinh luat Om cho c4c nhénh:

N U0,
2K, =1,
g
v KU -U, .
hay Z Kl] .LZI—" = J'
= v'
N K"l N ku‘ .
25 Ui-2Z, =,
=0 Zi/' =0 ZU
J#i Jei
N 2
bat: Y= 1 . t6ng dAn riéng nit i
J=0 ij
=l
Y, = - -Z—'j- - téng din twong hd nhinh ij .

Tacé :

N N . .

Y, U, +ZY,.J.UJ. =],
j=0
)i

Neéu xét nit i n6i v6i cic nhénh noi gidn ti€p véi may bien 4p 1§ tudng nhy trén hinh
PL3-3,b tacé:

N » N
2%ﬂ1
=0

jei

i Ui - U'J _ j

o Zy '
J=i
im-%&_j
o Z |
=i

N oL &KL
Z"f’Ui *Z—JUJ‘ =J;
w4 B35
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Néu dat :

0 2

=0 =y ij
jLI
ta cling nhan dugc phurong trinh cin bing ddng dang twong tyr trudng hop trén:
N
YU, +> YU =], ;

j=0
*

Cé sy khic nhau & biéu thic tinh tdng din rieng Y;; vA d8u ctia tdng din tuong h8 Y,
Dé nhan thay ring khi ndt ¢6 s8 nhénh n6i 12 bat ky, phuong trinh can bing dong vin
khong c6 gi thay d6i. Chi chii y ring biéu thifc tinh t8ng dAn riéng cé dang:

-
Y= S * ZL :
cZy T L

Trong biéu thirc nay, tdng diu tinh cho k nhdnh c6 m4y bi€n 4p 1y tudng néi truc tiép
V6t i, cdn t8ng thit 2 teong img véi | nhdnh c6 m4y bién 4p Iy tudng néi gidn 1i€p v4i i.
O dang khai trién hé phuong trinh c6 dang:

Y, U, +Y,U, +..+Y,U, =],

Y, U, +Y,U, +.+Y,,U, =],

(PL3-1)

YU, +Y,,U, +..+Y, U, =]y
Phuong trinh cta ndt dat (i=0) duge bo qua véi gia thist U, = 0. D6 la phuong trinh he
qua ctia cdc phuong trinh con laj.

3. Hé phuong trinh cdn bang cong sudt nit

Nhan hai v& ciia (PL3-1) véi tri s& lién hop ciia dién 4p ndt twong img s& nhan duoc he
phuong trinh sau:

Y||U|2 +YuUzIAJl T +Y|NUNU| = P, -JQ,:
szUnz +Y22U§ MERE Y2NUNU2 Pz 'jQz )

5

(PL3-2)
YNIUIZ +YN1UZON o +YNNU:I =Py -iQu
Hay viét gon:
- N . -
Y, Ul "'ZY.]Uin =P, -jQ, i i=1.2,.N

i=!
i
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V& phii phuong trinh dugc viét theo nidt ngudn, n€u 13 nit tai cdn d6i d4u lai thanh (-
P+jQ, ), nit trung gian c6 vé& phai triét tidu,

Khi phan tich CDXL c6 thé sir dung PL3-2 hoic PL3-3. Khi phan tich ngin mach cin
dung hé phuong trinh can bing ddng nit PL3-2 vi trong ch€ d6 su c8 cong sult nit
khong con gifr duge can bing.
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Phu luc 4
TONG TRG THU TUKHONG CUA DUSNG DAY TAIDIEN
1. Pudng day tai dién trén khong
a) Mach day dan-dat

Tinh todn dién khdng thit tv khong cha dudng day 12 mot néi dung tuong d6i phiic tap.
P46 1a vi dién khang cla chiing lién quan dén sir phan bs clia dong dién trong dat, cac
k&t cau hinh hoc cha cot va day din. Thudng chi c6 thé tinh gdn ding va ki€m tra lai
(sau khi x4y dumg) bing do dac, thirc nghiém.

Hinh PL4.1 VI tri &nh clia mach déay
dan-dét, phan bé dong dién trong déat.

Truge hét xét rudng hop don gian nhat: dudng day tai dién xoay chiéu mot day, mach
dién trd vé qua dat (cdn goi tit 12 mach “day din-d4t"). Dong dién di trong dit cé mat
do phan bs khong déu, tap trung phia dudi dudng day. Theo ly thuyét trudng dién tir,
mdt mach day din-dat c6 thé thay thé twrong duong bing hai day din song song (mét
day ddn gia, cdn goi 1A anh cla ddy din that). Khi dién din dat biang vo cbng thi
khoang cdch gilta 2 day din 13 D, = 2 h (2 14n chiéu cao co6t). Khi dién din hiru han
khoang céch nay xa hon. C6 thé tinh gin diing B, , phu thuéc dién ddn X cua dat theo
cong thiic:

2,085

Jf-A.107°

Tinh sdn tri 6 D, theo mot s& gi4 tri A ta ¢6 bang sau:

b

! 102 . m (PL4-1)

Moi trudng L (1/6m.cm) b, .m
Dat kho 1o 3000
Dat u6t 10 935
Nu6c bién 10" 94

Khi khong c6 s6 lieu, thudng 14y trung binh D, = 1000 m.
Theo cong thifc tinh dién khing ciia 2 day din song song, & tén 56 f = 50 hez ta cé:
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X, =0,145 ]g& , 6m/km (PL4-2)
rd(
trong dé, r,, 12 ban kinh dng tri cita dAy din, tinh theo ban kinh thirc r clia né, c6 hiéu
chinh theo cAu triic day va 4nh hudng tir cua vat liéu. Cy thé:
- day dén trdn, vat liu déng nhét khéng sdt tiyr, = 0,779 1
- day dAn d6ng vin xoan: r, = (0,724 -0,77) r ;
- day nhém va nhom 161 thép: r, = 0,95r;

Viéc hieu chinh ban kinh day dan thue chat 1a chi xét dén phdn day ddn bén trong
(trlr hiéu Ung mat ngoai). Khi day din mai pha duge phan nhod thanh céc sgi dat song
song (goi 12 day din c6 phan pha) thi r, duge tinh theo kich thudc hinh hoc giira céc
day din phan nhd. Ching han, khi mot pha dugc phan thanh n day dén nhd, b6 tri déi
xuUng xung quanh vdng trdn thi r, ti 1& véi trung binh nhan cla cdc khoang céach :

Ty = YTaod,d,..d,
trong d6: 1., - ban kinh déng tri clia mot sot;
d,.d,,....d, , - cdc khoang cach giira mot sot dy din dén n-1 day déin codn
lai (khi b6 trf d6i xitng).
Dién tré clia mach day din dat tinh duge theo cong thic: r, = r, +r,. Trong dé, r, - dién
trd ctia day dan; r, - dién trd dat (anh hudng dén dong dién trd vé). C6 thé tinh gin
diing : r, =710, 6m/km .
b) Drong ddy 3 pha mér 1
Ta cé thé suy ra dién khdng thit tu khong tir cach tinh dién khang thit tu thuan (nghich).
Chang han, khi cho ba ddng dién thi¥ tu thuln tri s6 1A chay vao ba pha, véi :
I, =1; IB=a2 ; ic =a.

di¢n dp roi trén day din pha A ciing chinh bing tri s dién khdng tha tr thuan. Nhu
vy, dua vdo géc pha dong dién va céc héd cam ta cé:

X, =X +a'X,+aX, = X +(@’+a)X, = X;- X, ;

X, - dién khdng tmg véi tu cam pha A (tinh theo PL4-2),

X,..- dién khang hé cam pha B, pha C véi pha A.

Béng cich phan tich tir trudng c4c pha c6 thé tinh duge (theo gido trinh KTD):
D
X, =0,1451g—> |, am/km .
Ty

Trong d6 D,, 12 trung binh nhan 3 khoang cich giira c4c day din pha.
Tir 46 tinh dugc dién khing hd cam:
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D D
X, =X, ~X, =0,1451g—%—0,1451g=2

ll
Ta Ty

D
= 0,1451g—% , Q/km .
D

tb

Trongdé D, =1/d, d, d_, ;

Bay git gia thi€t cho vao 3 pha duong day hé th6ng dong dién thi ty khong, cdc pha
dong dién nhir nhau nén ta cé:

Xy = X+ X+ X, = X +2X,.
Do d6 tinh dwoc:

D D
X, =0,145lg—-+2x0,1451g—
Car Dy
D (PL4-3,a)
=0,4351g—-;
R
Trong d6, R, =/r, D} - 12 ban kinh trung binh nhan ctia 3 diy din pha.
Tuong tu, ta tinh dién tro thit ty khong:
G=r+2r =rp+31, = r,+0,156m/km. (PL4-3b)
c) Duong day ba pha kép (hai 15)

bDién khdng thit tr khéng cia duong day 3 pha kép 1dn hon dudng day don. D6 1a do cé
thém hd cam cda cic day din pha thuoc 16 thit hai. Goi X,y 14 dién khang hd cam cha
ca 16 11 dén day dan bat ky cla 16 1. C6 thé tinh dugc:

X 1 = 0,4351g = , omkm; (PLA-4

1-1t
trong 46 : D, = Q/d“.dnb. d,d, dyd,.d,d,d,. - 1a khoing cich trung binh
nhan gira cic day ddn 16 [ va cdc day dan 1o 1.

Xio . _ILQL
—
Xino ; hﬂ»
Xio Hinh PL4.2 So A8 déng tri
Xio- X0 _I,lo dudng day 16 kép
Xino
___ILI(\_

—
II ot I” v X|| (\‘XHI 0
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Dien trd hd cam giira 2 10: fine=31,=0,15 6m/km ;
(dién tr& day din khong tham gia vio mach hé cam).

Pé dura so d6 mach song song ¢6 hé cam vé dang khéng hd cam tuomg duong (xem 1y
thuyét mach) ngudi ta bién déi nhu sau.
Bién déi biéu thic dién 4p roi trén 16 L:

AU:, = IJO.jXIO o IX e =lio 1 (X =X i) + (T + Lio) 31X s
vatrén [6 11 :

AU(I]I = IIIO.jXIIl) +l|0 .]XI-IIO = IUO .] (X”O - XI-IlO) + (IIO + I]IO)JXI—HO '
C4c biéu thirc tuong \mg véi so d6 dién khidng X, , néi tiép véi mach song song hai
dién khang: (X, +X,.y0) va (X;0-Xy.40) ahur trén hinh PL4-2,
Dien khing thit tr khong ciia ca hai 16 tinh dugc theo so d6:

& _ (XIO —XI—IIO)(XIIO _XI—IIO)
X0 - XI—!IO + ,
(X(o - X!—[IO )+ (Xuo - XI—IIO)
Khi hai 16 hoan toan gidng nhau ta c6:
Xg( =X + 05Xy = X,6) = 0,5(X, + X i)

(PLA4-5)

d) Puong ddy ba pha don (mét 16) ¢6 ddy chéng sét

Day chéng sét thudng dugce dat trén dinh c6t, n6i d4t tai nhiée diém tao thanh nhing
mach vong kin nén ¢ anh hudng hd cam dén cac dong dién & gn. Khi cdc day din pha
cha dudng day c6 dong dién thit tw thuan (nghich) tit tnedmg 8ng 3 day x4p xi khong,
nén hdu nhu khong c6 hd cam vdi day chéng sét. Vai he théng dong dién thir te khong,
nguoc lai tir trudng t8ng cong rat 16n c6 thé méc vong qua day chéng sét. Anh hudng
hd cam nay sé& 1am gidm dién khéng thir tr khéng. Mdc d6 anh hudng phu thudc vao
dién tr0 dat va dién trd ban than day din chdng sét. Gia thiét day chong sét tao thanh
nhimg mach vong kin vdi dit nhu hinh PL4-3. Ngoat ra, anh hudng hé cam cua timg
day dan dén day chéng sét d6c 1ap nhau, x&€p chdéng tao thanh ddng dién I trén day
choéng sét. MAi day din tao nén mot phin ddng dién trén diy ch6ng sét nhu nhau: I, =
I./3.

V§i gia thiét ndy, ta c6 thé coi mach vdng day chéng sét nhir gdm 3 mach song song
(t6ng trd 16n g&p 3 14n), mbi mach déu c6 hd cam véi mach vong diay dan-dat céc pha
cha dudng day. Khi d6 céc cong thic tinh t8ng trd thi tr khéng c6 thé suy ra duge nhu
trudong hop 2 mach 3 pha song song (ctta dudng day 16 kép). Ta ky hieu r,,, X, 1a dién
trd va dién khing cia duding day 3 pha trén nhung chwa cé day chéng sét. Tri 56 cOa
ching sé& tinh dugc theo cong thite (PL4-2), Tuong tr dién trd va dién khéng thit tu
khong cita mot mach day chéng sét (tich rieng) tinh dugc (theo PLA4-3):

X =3X¢ = 0,4351g& ;
Tas
trong dé, r,, - bin kinh ding tri clia diy chéng sét.
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fus = 3(ry+ry) = 3 1+ 0,15 (6m/km). )
Tuong tu 2 16 dudng day mach kép ta tinh duoc dién & va dién khdng hé cam giita day
ch8ng sét (tich thanh 3 day):

D
Xop.go =0,4351g— | 6m/km ;
Dy
wrong d6, Dy, =3/d, d,,d, - khoing cich trung binh nhan giita cc day din va
day chéng sét.
Dién rd hd cam : fy.o = 31,=0,156m/km ;
So dé wong duong cita clia dudng day 3 pha ¢é day chéng sét (d6i véi dong dién thi ar
khong) giong nhu dudng day 16 kép duge vé trén hinh PL4-3,a , trong d6 c6 mot 16 bi
nd1 khép kin qua dat chinh 1A dAy chong sét tdch 3.

- I X >
] -— ) | Xo-Xop.s0
o [
Isa 2 Xusn X(\'Xusn
«— X
_L J_ — 1,
— AU, =0 — B AU, Xpso -
a) b)

Hinh PL4.3

Tir so d6 hinh PL4-3,a 1a c6:
- trén mach day dén:

AU, = j Xl = ) Xposolso 5
- trén mach diy ch6ng sét:

AU = JXgpl50 = JXpgolo =0

: . ) &
Suyra: AU, = jI,(X, - 229,
SO

Ta nhan duoc dién khang thir tu khong clia dudng day c6 day chdng sét -

2
XD—SO

Xflﬂ =X, -

S0
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Nhu vay su cé mat cia dudng dAy chéng sét 1am giam dién khdng thif tr khéng (so véi
khi khong ¢6). Biéu thic dién khdng cdn cho phép thi€t 1ap so dé thit tu khong tuong
duong cua dudrng day cé day chdng sét nhy trén hinh PL4-3,b.
Khi ¢én tinh dién trd thir tuy khong cla dudng day cé day chéng sét ngudi ta 1am nhu
sau. Biéu thic cla téng trd thit th khéng dugc coi la
Zpso
2y =2, -
[NV
Tir 46 tinh dién tr3 thit tir khong nhu 12 phdn thuc cha Z{ .
e) Duong day 16 kép (hai 16) c6 ddy chong sét
Pé tim dién klhdng th\ tr khong trong trudng hop nafy ta dung so dé hinh PL4-4,a.
Ciing xudt phat tir biéu thic dién dp roi trén day dan va day chéng sét, ta ¢o:
- trénlol:

1

AUO = imjxm + iuojx1-|m ‘iso.ixl-so .
- wénloll:
AU, = ]uojxuo +l|o.ix|~|m _[sojxu—so )
- trén day chdng sét :
AUg, = lso.ixso —LeiXiso = Tiod X150 = 0.

AU,

P B .
>

X, _JI 0

Xy =X
— Xy, e :Xl-un \ S— X(I’_)”O
[ 1
Xso <~.I:°‘." an-so jxl-sn ! I_,_-I .m
J_ ro”dno X(ﬁ)) _ x‘|’—)1|o
< AUsn=0 L AU“

e
> <« >

a) b)

Hinh PL4.4

Tir cdc biéu thic trén ta cé
AU =1, J'XE? +1he jx‘l:)IIO ‘
AU = leo JX:IS()) +I!o J'Xfi’uu .
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Trong dé6:
X)
XS =X, - X“S" - dién khéng thet tu khong ctia 16 1, sét dén anh
SO

hudng day chéng sét ;
x(;) X X?J—SO . P s .
Mo = Ko — ~_ dién khéng thi tr khong cia 18 11, sée dén
50
anh huédng day chéng sét

(3) X!-SO'XI!-SO . , PR . e
X o =X, o — ————— - dién khdng hé cam thif tu khong gira 16 1 v
S0
16 11, ké dén anh hudng cha day chéng sét.

Dua vao cdc biéu thdc dién khdng trén va sa d6 hinh PL4-4,b dé dang tim dugc dién
khing tuong duong cia ca 2 16 dudng day c6 day chéng sét. Trudng hop 2 16 hoan toan
giong nhau (X,,= X, 4= X,) va day chong sét b6 tri d6i xtmg (c6 thé coi X, 4= Xip.c0 =
Xiys0) ta co:
X2
X = 0,50, +X,_yp) - —=2.
X‘SO
So sdnh vdi dudng day 16 kép khéng day chéng sét trong biéu thic dién khing ¢ thém
s& hang cuéi cling (ddu Am) nén tri s8 s& nho hon. Khi sét dén dién trd biéu thirc cdng
c6 dang tuong tu:
ZZ
ZZS) =0,5(Z, +Z_5) - —= ,
ZSO

vai céc ky hiéu téng trd tuong tng nhu c4c dien khing ké trén,

2. Puong day cap

V& nguyén tac, kht x4c dinh téng trd thif tu khéng clia cdp vAn c6 thé dp dung cic cong

thic giong nhu d6i v6i dudng day trén khong. D6 12 vi cdp duoc diat néng trén mat dat

phan b6 dong dién trong dat vin giéng nhu & didmg day trén khénp. Vo cép, vé phuong
dién anh hudng dién tir cing cé thé coi giong nhir day chéng sét & dudong day trén
khéng. Tuy nhién, ¢6 nhimg di€m rét khac biét:

- Dién trd n6i dat vo cip phu thudc cdch dat cdp va rat khé xdc dinh. Thudmg ngudi
ta tinh cho 2 trudng hop gidi han. Trudng hop vo cap tiép dat t6t (dién trd néi dat
rat bé) dong dién di chl y&u vao dat, vo cip hdu nhu khong cé dong dién, dien
khing thur ty khéng cuc dai Inhr khong c¢6 day chang sét). Trudng hop dién tro néi
dat vo cdp 1dn (tiép dat kém), dong dién di chl y&u trong vo cdp : dién khang thi ty
khong s& cuc ti€u vi hd cam 16n.
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- Tirthong tan ciia vo cap rat bé (c6 thé coi bing khéng), do dé: X, - Xp.0 =0, trong
dé X, - dién khang thit tu khong cla vo cdp con X,y - dién khdang hd cam gtira 15i
Va VO cap.

- NGi chung khong thé bd qua dién trd vo cap vi tri s6 clia n6 kh4 16n.

Cu thé ta ¢6 cdc biéu thire tinh nhu sau;
Dién khang thit tu khéng cla cip ¢6 vo bang chit khong dan dién (tinh nhu deong day
16 don khéng cé day chéng sét):

: D
X, =0,4351g—
‘ g Rll\

Trong d6 D, tinh nhu vai dudng day trén khong;

R, =4r,d ® - béan kinh trung binh hinh hoc cia 3 15i day din.
r, - ban kinh dang tri cha day dan 16i cap.
d - khoang cédch giita cdc tam ciia day din 13i cép.

Dé tinh cho trudng hop chung, ta cin tinh dién khang hd cam giira vo va 16i cap:

D 2D
Xpvo =04351g—2-=0,4351g d
DD—v rtr + rng

Trong d6 : Dy,, = (T, +1,,)/2 - ban kinh trung binh cla vo6 cdp;

I, . [, - ban kinh trong va ban kinh ngoai ciia vo cip;

, 6m/km

Zovo I
: Z(>':_Z_1|3-vn CSN_‘-‘
T T Hinh PL4.5
— 1, 3 = lvo
Ty

So dé tinh toan téng trd thd tu khong cla cép thé hién trén hinh PL4-5. Dua vio d6 ¢6
thé tinh duge t8ng trd thit tr khong ding tri ctia dudng day cip trong trudng hgp chung.
Chd y cac ky hiéu trén so dé:

Z, =R, +jX, =(ry +3r,)+jX, -tng trd thi tu khong cla cap, coi vd

khang dan dién.

Zy.o =31, + X, o - 16ng trd hd cam giia vo va 161 cap;

r, - dién tro day din 16i cdp;

r, - dién tro n6i dit dudng day;

r, - dién trg vo cép;
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